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Abstract

This study was conducted to assess the effects of different doses of butaphosphan-cyanocobalamin combination onbody condition score (BCS), beta-
hydroxybutyrate (BHBA) and reproductive parameters in cows with subclinical ketosis (SCK). Holstein-Friesen cows (n=544) were checked for BHBA concentration.
Cows with SCK (n=53, BHBA ranging from 1.00 to 3.00 mmol/L) were assigned randomly to receive saline (CO, n=18), 5 mL/100 kg BW (C5, n=18) or 10 mL/100
kg BW (C10, n=17) butaphosphan-cyanocobalamin combination. BHBA concentration was measured on d 0, 10, and 18 relative to treatment application. BCS
was evaluated weekly until d 60 postpartum. For reproductive parameters cows were monitored until d 150 postpartum. The median reduction in blood BHBA
concentrations was 28, 57, and 75% for CO, C5, and C10, respectively. NEFA and total bilirubin concentrations were significantly decreased in C10 group. The
relative median change in BCS as compared to baseline was 17, 12, and 6% for CO, C5, and C10, respectively. Between d 15 and 25 postpartum uterine involution
was completed in 44, 83, and 88% of cows in groups CO, C5, and C10, respectively. Interval from calving to first insemination in group C10 was shorter than
control group. Overall pregnancy rate was not different among groups. In conclusion butaphosphan-cyanocobalamin combination decreased severity of
hyperketonemia, stimulated uterine involution, shortened time to first insemination and increased pregnancy rate.

Keywords: Beta hydroxybutyrate, Butaphosphan, Cyanocobalamin, Subclinical ketosis, Reproductive performance

Subklinik Ketosisli Siit ineklerinde Farkli Dozlarda Butafosfan ve
Siyanokobalamin Kombinasyonunun Etkisinin Degerlendirilmesi

Ozet

Bu calisma, subklinik ketozisli (SCK) sut ineklerinde farkli dozlarda butafosfan-siyanokobalamin kombinasyonunun viicut kondisyon skoru (VKS), beta-
hidroksibutirat (BHBA) ve reproduktif parametreler Gzerine etkilerini degerlendirmek amaciyla gerceklestirildi. Holstayn-Frizyan inekler (n=544) BHBA yoniinden
kontrol edildi. SCK'li inekler (n=53, 1.00-3.00 mmol/L BHBA); 4 giin siiresince glinliik salin uygulanan (C0, n=18) ve canli agirhiga 5 mL/100 kg dozunda (C5,
n=18) ya da canl agirhga 10 mL/100 kg dozunda (C10, n=17) butafosfan-siyanokobalamin kombinasyonunun uygulandigi gruplara rastgele olarak ayrildi. BHBA
duzeyleri; 0, 10 ve 18. glinlerde 6l¢lldi. VKS postpartum 60. giine kadar haftalik degerlendirildi. Reprodiiktif parametreler icin inekler dogum sonrasi 150. giine
kadar takip edildi. Kan BHBA diizeyinde medyan azalma CO0, C5 ve C10 grubunda sirasiyla %28, %57 ve %75 olarak gergeklesti. NEFA ve total biliriibin dlzeyleri
C10 grubunda anlamli sekilde azaldi. VKS'un relatif medyan degisimi baseline ile karsilastirildiginda C0, C5 ve C10 grubunda sirasiyla %17, %12 ve %6 olarak
belirlendi. Postpartum 15 ve 25. glinler arasinda uterus involiisyonu CO, C5 ve C10 gruplarinda sirasiyla %44, %83 ve %88 tamamlandi. C10 grubunda buzagilama
ilk tohumlama araligi kontrol grubundan daha kisaydi. Ortalama gebelik orani gruplar arasinda farklilik géstermedi. Sonug olarak butafosfan-siyanokobalamin
kombinasyonu; hiperketonomi siddetini azaltti, uterus involisyonunu uyardi, ilk tohumlama zamanini kisaltti ve gebelik oranini arttirdi.

Anahtar sézciikler: Beta hidroksibiitirat, Butafosfan, Siyanokobalamin, Subklinik ketozis, Reproditiktif performans
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INTRODUCTION

Subclinical ketosis is a consequence of transition period
linked to negative energy balance (NEB), which leads lipo-
lysis of body fat reserves and hyperketonemia ™. Plasma
BHBA greater than 1.2 mmol/L is considered ketosis .
However, definition of SCK is not consistent. In a study,
SCK was considered whenblood concentration of BHBA
higher than 1.00 mmol/L 34, while the other one indicated
the SCK in the concentrations of BHBA above 1.40
mmol/L 5%, Negative energy balance is compensated by
increased lipomobilization, which results in formation of
BHBA produced by incomplete lipid oxidation in the liver
immune system is adversely affected via hepatopathies-
associated with ketotic metabolic status “#. BCS loss
resulting from fat mobilization is typical in ketotic cows .,
This is often significant in cows with BCS greater than 3.25
during prepartum. These cows lose >0.75 BCS within 2 month
after parturition %', Butaphosphan-cyanocobalamin
combinationcontains both vitamin B12 and butaphosphan
(alpha amino phosphonic acid). Researchers indicated that
butaphosphan-cyanocobalamin combination could be
supportive in correcting the metabolic status of high-
producing cows >3 and controlling of SCK [, BCS loss was
minimal in cows administered with 2 ml butaphosphan-
cyanocobalaminon d 3 postpartum "2, In other studies,
injection of vitamin B12 [ alone or in combination with
butaphosphan ' improved lactation yield. Cows with
the high blood BHBA concentration between 2 and 15
day in milk (DIM) are more likely to reduce the first service
conception rate and to yield less milk in the first 30 DIM ['®
and to increase the odds of metritis, clinical ketosis,
lameness and displaced abomasum !'", Several reports
indicate that this product had more likely positive effect
to reduce blood BHBA concentration and to improve milk
yield and general health status in animals suffering from
SCK 820 However, the short and long term impact of
combined cyanocobalamin and butaphosphan treatment
on reproductive measures parameters, such as uterine
involution, ovarian function, days open and pregnancy
rate has not been shown. Therefore, the objective of this
study was to evaluate the effects of different dosages of
combined cyanocobalamin and butaphosphan on BCS,
blood BHBA concentration and reproductive parameters.

MATERIAL and METHODS

Ethical Approval

The ethics committee of the Ankara University (report
no: 2009-45-214) approved the protocol used in this study.

Animals

This study was performed on 13 dairy farms in Turkey.
All Holstein-Friesen cows were kept in loose housing with
slatted floors and were milked twice daily. The milk yield

was recorded after each milking. The feeding routine and
composition in most part of the farms were generally
standardized and calculated according to milk yield.
The ingredients of ration for cows in lactation (kg/day/
cow) were consisted of corn silage alfalfa hay, grass hay,
straw, compound feed, barley grain, corn grain, calcium
carbonate, salt, dicalcium phosphate, feed grade urea,
and vitamin-mineral premix. The mean ME value of rations
was 2600 kcal’kg DM. Water was provided ad libitum. The
mean age in groups of CO, C5 and C10 were 4.83+2.13,
4.71£1.13, 4.82+1.24 respectively. The mean lactation
number in groups of CO, C5 and C10 were also 2.5, 2.3
and 2.5, respectively.

Experimental Design

Five hundred and forty cows were screened with a
hand-held meter (Precision Xceed, Abbott Diabetes Care®,
Abingdon, UK) in whole blood from the coccygeal vein
for BHBA concentration within 7-15 d postpartum (Fig.
1). Of these, 53 cows with a blood BHBA concentration
between 1.00-3.00 mmol/L were considered to have SCK
at any point from d 7 to 15 following calving. They were
randomly allocated into one of 3 study groups: group of
cows administered intramuscularly with saline (10 mL/100
kg BW; CO, n=18) and with low (5 mL/100 kg/BW; C5,
n=18) or high (10 mL/100 kg/BW; C10, n=17) dose of 10%
butaphosphan and 0.005% cyanocobalamin combination
(Catosal®, Bayer Animal Health, Leverkusen, Germany),
every day for 4 days, starting from on d 11.4+£2.79,
12.942.09 and 12.6+2.30 postpartum (pp) respectively, and
it was not different among groups (Fig. 1).

In addition, the concentrations of creatine kinase
(CK), glutamate dehydrogenase (GLDH), cholesterol (CHO),
aspartate amino transferase (AST) total bilirubin, indirect
bilirubin (BID) (ERBA® Mannheim, Germany) and Non-
esterified Fatty Acid (WAKO® Diagnostics NEFA-HR2) were
measured spechtrophotometrically (ERBA® XL 600). The
intra-assay and interassay CV for all the parameters
were <3.4% and <7.8%, respectively. Blood samples
were collected just before the first administration of
butaphosphan and cyanocobalamin combinationand 10
and 18 d after the last administration. Animals diagnosed
with clinical ketosis (BHBA >3 mmol/L) and secondary
disease were not included to the study. Milk yield was
recorded daily for 30 days. Body condition was evaluated
by three person on d0, 10, 18, 30, 45 and 60.

The intervals from calving to first ovulation and from
calving to morphologic uterine involution were categorized
as d 15-25, 26-30, 31-35, 36-40, and =41 days due to weekly
examination. The morphologic uterine involution was
evaluated by rectal palpation if the uterus was returned
to lie within the pelvic cavity 2. Pregnancy diagnosis
was performed twice by ultrasonographic examination
30 and 60 d after insemination. Cows that returned to
estrus before the pregnancy check were re-inseminated.
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> Fig 1. The experimental plan.

| Postpartumweek 1 to 2 | l { J l
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{ Conception rate was observed up

l to 150 d postpartum. SD: Study day

= 1]

|
|
(=]
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[ last day
e Total Bilirubin —.
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0,5 codlles C5
0,8
e 0,4
o
506 20,3
€ £
£0,4 0,2
0,2 0,1
o 0
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Fig 2. Effect of multiple injections of cyanocobalamin and butaphosphan administered on day 7 and 15 postpartum on the
serum NEFA and Total Bilirubin concentrations of dairy cows. CO =10 mL/100 kg BW saline; C5 =5 mL/100 kg/BW butaphosphan-
cyanocobalamin combination; C10 = 10 mL/100 kg/BW butaphosphan-cyanocobalamin combination. BT: Before treatment,
7d: Seven days after treatment, 15d: Fifteen days after treatment *P=0.002, ** P<0.05

The reproductive parameter information was obtained
until d 150, which covered intervals from calving to first
ovulation, morphologic uterine involution, interval from
calving to first insemination, the number of insemination,
days open, and pregnancy rate (%, number of animals
pregnant/number of inseminated animals).

Statistical Analysis

All data were subjected to the Mean Procedures for
descriptive statistics. The non-parametric Wilcoxon-Mann-
Whitney-U-Test was used for group comparisons. All tests
were performed two-sided with an a value of 0.05. The
medical relevance of the differences between groups was
quantified using the Mann-Whitney superiority measure
(MW). The MW-measure (0.0 to 1.0) reflects the probability
that a randomly selected animal of the test group is
better off than a randomly selected animal of the control
group, while 0.5 denoting equality. If the hole confidence
interval(Cl) is above the equality line in the graphic, it is
considered that superiority is proven (P<a). Wilcoxon-
Mann-Whitney-U-Test also was applied for BHBA and
BCS percent change from baseline without any LVCF-

option.All statistical analysis were performed using the
validated statistic program TESTIMATE Version 6.5 from
IDV Datenanalyse und Versuchsplanung (Germany).

RESULTS

A total of 544 cows were screened for subclinical ketosis
between d 7 and 15 postpartum. The SCK prevalence was
9.74% at the BHBA cut-off concentration of 1.0 mmol/L.
The median and mean values of age, BW, and lactation
numbers for cows with SCK were homogenous across
the groups. The blood BHBA concentrations on the study
days revealed insignificant alterations, except for decrease
in BHBA for cows in C10 as compared to CO on d 18 (Table
1). The tendency to decrease in BHBA was highest in group
C10, but was not different from that in C5 blood BHBA
concentration for CO did not change during the experiment.
The percent change in blood BHBA concentration from
baseline during sampling on d 10 and 18 for C5 (P=0.04 and
P=0.005) and C10 (P=0.006 and P=0.00001) was significant.
The serum NEFA and total bilirubin (Fig. 2) concentrations
were lower in C10 group after treatment than CO group
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Table 3. The median and mean values of milk production (first 30 d, kg)

Groups* Statistics** Milk Production (kg)
co Mean=5SD (Min/Max) 640.8+201.2 (366/1182)
(n=18) Median (LQ/UQ) 602.8 (532/720)
MRS TERY 863.2+201.2 (284/1313)
& it [l (LoUTo) 845.3 (714/1059.5)
(n=18) W-Mann-Whit-U test (LB/UB)™ 0 %5 (0.56/0 93')
P<0.0096 DAL
M‘TSIZ;—';?] (('I\_A(')';Jgfx) 779.9+235.0 (302/1228)
€10 (n=17) ! .. | 811(635.60/1002.50)
W-Mann-Whit-Utest (LB/UB)
P0.05 0.69 (0.50/0.87)

*C0 = 10 mL/100 kg BW saline; C5 = 5 mL/100 kg/BW butaphosphan-
cyanocobalamin combination; C10 = 10 mL/100 kg/BW butaphosphan-
cyanocobalamin combination; **LQ = Low Quarter; UQ = Upper Quarter;
LB = Low Bar; UB = Upper Bar; ***0.29/0.71 = large difference; 036/0.64
= medium sized difference; 0.44/0.56 = small difference; 0.50 = equality

10 (P=0.002), 18 (P=0.02), 30 (P=0.02), 45 (P=0.0004), and
60 (P=0.0007) and in C5 on d 45 (P=0.01) and 60 (P=0.02).
Percent change in BCS between C5 and C10 was different
only on d 10 (P=0.05). The reproductive measures are
summarized in Table 5. The percentage of uterine location
into aperture pelvis at the interval 15-25 days pp was 83%
and 88% in group C5 and C10, respectively, as compared
to the control group. Morphologic uterine involution was
notable at the pointed interval days pp (P=0.04 for C5 and
P=0.007 for C10) in comparison with the control group.

The mean interval from calving to first insemination was
lower by 15 days in group C10 than in group CO (P=0.02)
and by 7 days than in group C5 (P=0.19). There was no
difference in the interval from calving to first ovulation
among the groups. The mean days open for groups C5

Table 4. The percent change in BCS relative to the baseline value during experiment

Groups SD-0 SD-10 SD-18 SD-30 SD-45 SD-60
CO0 (n=18)
Mean+SD 3.08+0.31 -9.65+6.23 -12.07£5.16 -13.83+7.83 -19.12+10.54 -17.54+8.75
(Min/Max) (2.70/3.50) (-18.18/0) (-22.86/-3.57) (-28.57/0) (-42.86/-3.57) (-33.33/-3.57)
Median 3.00 -10.00 -12.50 -14.29 -19.27 -16.67
(LQ-UQ) (2.80/3.50) (-14.29/-3.57) (-15.63/-7.41) (-18.18/-10.00) (-25.93/-10.00) (-24.24/-10.00)
C5 (n=18)
MeanxSD 3.05+0.52 -7.7316.4 -9.29+11.95 -8.60+11.90 -8.60+£11.90 -8.04+13.67
(Min/Max) (2.00/4.00) (-20/0) (-28.57/25) (-28.57/25) (-28.57/25) (-28.57/35)
Median 3.00 -10.00 -12.50 -12.50 -12.50 -12.50
(LQ/UQ) (2.70/3.50) (-12.50/0) (-16.67 /0) (-16.67 / 0.00) (-16.67/0) (-16.67/0)
Man-Whit-U™ 0.40 0.45 0.37 0.26
(LB/UB) (0.22/0.58) (0.27/0.63) (0.19/0.56) (0.08/0.45) 0-28(0.10/0.47)
P-Values® 0.3288 0.6542 0.2141 0.0155 0.0288
C10 (n=17)
MeanxSD 2.96+0.25 -2.02+6.97 -4.20+10.95 -4.94+12.59 -4.39+12.30 -4.39+12.30
(Min/Max) (2.50/3.50) (-16.67/11.11) (-16.67/20.00) (-28.57/20.00) (-28.57/20.00) (-28.57/20.00)
Median 3.00 0.00 -7.41 -6.25 -6.25 -6.25
(LQ/UQ) (2.80/3.00) (-6.25/0) (-10.71/0) (-14.29/0) (-10.00/0) (-10.00/0)
Man-Whit-U™ 0.20 0.27 0.27 0.16
(LB/UB) (0.01/0.38) (0.08/0.45) (0.08/0.46) (0.00/0.35) 0.17(0.00/037)
P-Values® 0.0015 0.0212 0.0223 0.0004 0.0007
*Pvalue indicated the comparision with control group; ** Man-Whit-U = Wilcoxon-Mann-Whitney-U Test-Two -sided, 0.29/0.7 1 = largedifference; 036/0.64=
medium sized difference; 0.44/0.56 = small difference; 0.50 = equality. LQ = Low Quarter; UQ = Upper Quarter; Min = Minimum,; Max = Maximum; LB = Low
Bar; UB = Upper Bar; SD = StudyDay

(P<0.05). In addition, the serum creatine kinase activity
was significantly decreased in C10 group (P=0.047) with
no differences between groups. There was no difference in
the serum cholesterol, GLDH, AST and BID concentrations
between groups (Table 2). Treatment groups produced
more milk than control group (P=0.01 for C5 and P=0.05 for
C10; Table 3, but milk yield for C5 and C10 was not different
(P=0.33). Table 4 summarizes BCS during experiment
and changes in BCS as compared to baseline. The cows
in group CO lost more BCS than those in group C10 on d

and C10 were about 20 days shorter than that for CO
(P=0.07 for C5-CO; P=0.11 for C10-CO; and P=0.88 for C5-
C10).The mean number of insemination and the overall
pregnancy rate through 150 days DIM were similar across
the groups.

DISCUSSION

The hyperketonemiain early lactation is a potential
risk factor for general health status and the resumption of
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Table 5. Reproductive parameters in response to butaphosphan-cyanocobalamin combination administration

Reproductive Measures CO0 (n=18) C5 (n=18) C10 (n=17)" P-value**
Interval from calving to first ovulation
15 to 25 days pp 3/18 (16.67%) 8/18 (44.44%) 3/16 (18.75%)
26 to 30 days pp 8/18 (44.44%) 4/18 (22.22%) 10/16 (62.50%)
31 to 35 days pp 2/18 (11.21%) 4/18 (22.22%) 2/16 (12.50%)
36 to 40 days pp 1/18 (5.56%) 2/18 (11.11%) 1/16 (6.25%)
>41 dayspp 4/18 (22.22%) - -
Morphologic uterine involution
15 to 25 days pp 8/18 (44.44%)° 15/18 (83.33%)* 15/17 (88.24%)° 2€0.04/°<0.007/1%20.632
26 to 30 days pp 6/18 (33.33%) 1/18 (5.56%) 2/17 (11.76%)
31 to 35 days pp 4/18 (22.22%) 1/18 (5.56%) -
36 to 40 days pp = 1/18 (5.56%) =
Interval from calving to first insemination (days) 74.9420.59¢ 66.66 +26.70° 59.75+23.14° 2<0.075/°<0.017/**0.188
Daysopen (days, mean+SD) 95.00+32.61¢ 74.16+35.76% 75.17+34.33° 2<0.066/°<0.106/>°0.876
No of insemination (mean+SD) 2.0+1.19¢ 1.8+1.20° 1.6+0.80° 2<0.614/°<0.335/%°0,955
Overall pregnancy rate, % 64.71° 66.67° 70.59* 21.000
* One cow did not ovulate; ** Wilcoxon-Mann Whitney-U Test, 2-sided was used; “>< The differences between groups in the same line with different letters is
significant (P<0.05)

reproductive function. The increased NEFA in prepartum,
advanced parity, birth of a male calf, calving difficulty,
precalving high BCS are important predictors of having
hyperketonemia at any time from 3 to 16 DIM 2. The
prevalence of SCK within 10 European countries using a
threshold =1.2 mmol/L of blood BHBA was 21.8%, ranging
from 11.2 to 36.6% between 2 and 15 d in milk in Turkey
and ltaly and ranged from 8.9% to 34% during postpartum
2 month 224, Significant decrease of blood BHBA in the
treatment groups entire study days after drug applications
compared to the control group confirmed the efficacy of
the treatment on the blood BHBA in ketotic dairy cows. Our
findings are consistent with the previous studies focused on
the use of combined butaphosphan and cyanocobalamin
in hyperketonemic animals at early postpartum period 2,
The results of a recent mode of action study ! revealed
that the same drug combination at a dose of 10 mL/100 kg
applied IV in nonketotic dairy cows for 3 consecutive days
reduced significantly in the liver the mRNA abundance of
acyl coenzyme A synthetase long-chain family member 1,
involved in fatty acid oxidation and biosynthesis. This can
explain that lower fatty acid synthesis in the liver can result
in less circulation of BHBA in the blood. However, this may
not explain why the milk production in the treatment
groups C5 and C10 was higher than in the control group.
It can only be speculated that animals received treatments
and consequently normalized blood BHBA had better
metabolic balance and general health status. Interestingly,
why lower dosage of the combination tended to produce
more milk in group C5 is unknown. Increased milk
production was also reported after butaphosphan and
cyanocobalamine application in dairy cows 21826, The
parallel fall of serum concentration of NEFA and total
bilirubin in C10 group was showed the evidence of the
treatment efficiency. It was expected results because; NEFA
and bilirubin are utilizing the common hepatic pathways ©.

Ketones have a glucose-sparing effect to compensate
milk production until reaching severe hypoglycemia 7.,
There was a negative relationship between elevated BHBA
concentrations and decreased milk production during
wk 1-2 postpartum and that the loss of milk production
at first week was 1.8 kg/day when blood concentration
of BHBA was 1.4 mmol/L . When blood concentration of
BHBA increased to 2.0 mmol/L, loss of milk production at
wk 2 increased to 3.3 kg/day due to decreased DMI. Body
condition reflects energy balance in dairy cows 28, In the
present study, groups C10 had lowest BCS lost. The obese
cows have sluggish appetite and are predisposed to SCK 2,
The mean duration of uterus involution is reported
to 23.7-30.0 d B%", In the present study, morphologic
involution of uterus was completed by 83.3 and 88.2% in
groups C5 and C10, respectively, by d 15-25 postpartum.
These high involution successes in treatment groups
could be related to improvement in the smooth muscle
function in the uterus, due to supported the calcium-
phosphor homeostasis or by the avoidance of hypotonia
in response to butaphosphan administration. Hypotonic
effect of SCK on uterine muscle could be a risk factor for
the endometritis and delayed endometrium restoration
resulting from immune suppression. The resumption of
ovarian function in postpartum dairy cows depends on
the reproductive and metabolic hormones levels as well as
metabolite concentration. The failure of ovarian function is
the most common pathology associated with the increased
blood NEFA and BHBA in postpartum dairy cows B2, In
the present study, time from calving to first ovulation was
similar across the groups, but time from calving to first
insemination was shorter for 15 d in treated groups than
nontreated groups. This could be related to activation of
the up regulation of ovarian follicular competition and
hypothalamic feedback systems. The earlier resumption
of estrus cyclicity in treatment groups could also be
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linked to the increased systemic IGF-1 concentration and
enhanced hepatic gluconeogenesis in liver 52, These could
positively affect to maintain BCS and reduce blood BHBA
concentration. Althougha study ™ explained the possible
action of butaphosphan on the metabolism of dairy cows,
the direct effect of butaphosphan on phosphorus and
calcium homeostasis in dairy cows is still unknown. But, it
has been shown that serum, liver, or kidney levels of IGF-1
are not increased during phosphate depletion in normal
rats and the reduction in auto phosphorylation reaction
of IGF-1 receptor blocks theaction of IGF-1 at the level
of cytoplasmic and nuclear in target cell. Therefore, the
cross interaction of IGF-1 and phosphate could positively
affect to support the calcium homeostasis, improve the
uterine muscle function and resume the ovarian function.
Unfortunately, we had no data to support this suggestion in
dairy cows and the future experimentations are necessary
to clarify a possible the interrelationship between IGF-1
and phosphate on phosphorus and calcium homeostasis
and on energy metabolism. Although the decreased BCS
after calving in dairy cows did not affect the number of
insemination, it delayed intervals from calving to first
insemination M and of calving to pregnancy 3% as well
as increased risk for uterine disease 5. The decreased BCS
during first 5 wk was associated with prolonged intervals
from calving to first insemination and days open through
effecting the frequency of LH pulsation and intrafollicular
metabolism B¢l Improved reproductive parameters
in treated groups, thus, could be related to less BCS as
compared to control group. Cows with SCK have poor
reproductive performance B4, In cows administered
with butaphosphan-cyanocobalamin, days open was
20 d shorter than cows administered with saline. The
overall pregnancy rate at 150 DIM was about 7% higher
in treatment groups than control group. The faster uterine
involution could reduce veterinary cost and increase
health status through decreasing time to first insemination
and pregnancy rate.

In conclusion, injection (IM) of 10% butaphosphan
and 0.005% cyanocobalamin combination at the level of
10 mL/100 kg BW everyday for 4 days starting from DIM
7-15 decreased severity of hyperketonemia, which were
accompanied by less BCS lost and more milk production.
This administration also stimulated uterine involution and
shortened time to first insemination/days open as well
as increased pregnancy rate. Further studies coping with
more metabolic parameters would help explain the action
mode of butaphosphan-cyanocobalamin combination.
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Abstract

Quadruped animals have a unique mechanism of movement that minimizes energy use and allows muscles to work effectively. Elephants
are the biggest quadruped animals on earth and how they stabilize their body and use energy are of interest. This study aimed to analyze the
characteristics of kinematic gait in Asian elephants trained to work with a mahout for tourism activities in Thailand. Twenty-one healthy adult
Asian elephants were recorded by 2 digital cameras while walking at normal speed (average 1.1 m s-1.) along a 15-meter, solid-soil path. The
temporospatial parameters evaluated for each limb consisted of stride length (cm), stride time (sec), swing time (sec), stance time (sec) and
stance time percentage, using 2D motion analysis software. The result revealed that the average stride length was varied between 192-199 cm
with no significant difference between fore and hindlimbs on either side but the stride length on the right side was significantly longer than
that on the left in both forelimbs (right 197.5 cm; left 192.6 cm, P<0.05) and hindlimbs (right 198.9 cm; left 193.2 cm, P<0.01). The mean gait
cycle time (stride time) was varied between 2.26 and 2.34 seconds for each limb and mean stance time was varied between 1.67-1.80 seconds,
with both parameters were longer on the forelimbs than hindlimbs significantly (P<0.01). Hence, swing time for the forelimb was shorter than
that for the hindlimb (P<0.001). The calculated stance time percentage for each limb was 72.64-76.09%. Data from this study confirmed that
elephants walk with a lateral sequence and footfall pattern, and distribute the center of mass proportionally between all four limbs. Gait analysis
is a valuable tool for identifying and understanding the pathogenesis of gait abnormality.

Keywords: Elephant, Gait cycle, Stride length, Stance time, Swing time

Asya Filinin (Elephas maximus) Yiiriime Biyomekanik Parametreleri

Ozet

Dort ayakh hayvanlar hareket ederken enerji kullanimini kisitlayan ve kaslarin etkili bir sekilde calismasini saglayan 6zgilin bir mekanizmaya
sahiptir. Filler diinyadaki en biiylk dort ayakli hayvanlar olup, viicutlarini nasil stabil tuttuklari ve enerji kullanimlarn hususu ilgi konusudur.
Bu calisma Tayland'da turist aktiviteleri amaciyla bir fil seyisi ile egitilmis olan Asya fillerinde ylrime kinematigi 6zelliklerini analiz etmeyi
amaclamaktadir. Yirmi bir saglikli ergin Asya fili sert toprak zemin tzerinde 15 metre boyunca normal hizda (ortalama 1.1 m s-1) ytriirken 2
dijital kamera ile kayit edildi. 2 boyutlu hareket analiz yazilimi kullanilarak her bir ayak icin degerlendirilen temporospasyal parametreler; adim
uzunlugunu (cm), adim siresini (dak), salinim suresini (dak), duraklama siresini (dak) ve duraklama siresi yiizdesini icermektedir. Ortalama
adim uzunlugu her iki tarafta da 6n ve arka ayaklar icin anlaml bir fark olmaksizin 192 ile 199 ¢cm arasinda kaydedildi. Ancak hem 6n (sag
197.5 cm; sol 192.6 cm, P<0.05) hem de arka ayaklar (sag 198.9 cm; sol 193.2 cm, P<0.01) icin sag taraftaki adim uzunlugu anlamli derecede
sol taraftakinden daha uzundu. Ortalama yurime siklus stresi (adim siresi) her bir ayak icin 2.26 ile 2.34 saniye arasinda degisirken ortalama
duraklama suresi 1.67 ile 1.80 saniye arasinda degisim gosterdi ve her iki parametre icin de degerler 6n ayaklar icin arka ayaklardan anlamli
oranda daha uzun olarak tespit edildi (P<0.01). On ayaklar icin salinim zamani arka ayaklar icin olandan daha kisa idi (P<0.001). Her ayak icin
hesaplanan duraklama sire ylizdesi %72.64-76.09 olarak belirlendi. Bu calismadan elde sonuglar gostermistir ki filler lateral sekans ve ayak
basim sekli ve viicut agirlik merkezini orantisal olarak dort ayaga yayarlar. Yuriime analizi yuriyls bozukluklarinin patogenezini tespit etme ve
anlamada degerli bir ydntemdir.

Anahtar sézciikler: Fil, Yiiriime siklusu, Adim uzunlugu, Duraklama stiresi, Salinim siiresi

& lletisim (Correspondence)
+66 53 949291
>4 siriphan.k@cmu.ac.th



358

Biomechanical Parameters of Asian ...

INTRODUCTION

The biomechanics of locomotion identifies the kinetic
and kinematic mechanisms of gait, and was first introduced
in veterinary practice in the late 19" century ™. Kinetics
is the study of cause of motion, which is concerned with
forces applied to the body, acceleration, energy and work,
whereas kinematics is the study of changes in the position
of body segments in space during a specified time. Both
kinetic (i.e., potential and kinetic energy) and kinematic
variables (i.e., displacement of center of mass, linear and
angular variables, velocity) underlie mechanisms that
minimize muscular work and the metabolic cost of
locomotion, which also involves neural control strategies ™.
Motion analysis has been used widely to measure normal
and pathological gait. Measuring kinematic parameters
can help to identify any pathologic conditions that
could affect the characteristics of gait, i.e., orthopedic or
neurological conditions, and the degree of gait asymmetry
were found to relate to the degree of lameness ',

Gait has been defined as a complex and coordinated
rhythmic and automatic movement of the limbs and
entire body of an animal, which results in the production
of progressive movements '3, The footfall pattern of
a quadruped gait can be categorized into two general
types; symmetrical (i.e., walk and trot) and asymmetrical
(i.e., canter and gallop). The symmetrical gait pattern is
found usually at slow to moderate speeds, changing to
an asymmetrical pattern from moderate to high speeds,
in which a suspension phase can be found in the trot,
pace, canter, and gallop of horses . Whereas, dogs and
cheetahs have a different footfall sequence, known as
the rotary gallop .

As elephants are the biggest quadruped animals
with adults weighing over 2.5 tons and being 3 meters
high, their walking mechanism is of interest, particularly
in terms of how they stabilize their huge body and utilize
energy. Previous studies have reported the footfall pattern
of elephants as a lateral sequence, when a hindlimb
on one side makes contact with the ground, followed in
the pendulum mechanism by the forelimb on the same
side 7., Unlike other quadruped animals, elephants
maintain this symmetrical pattern even at faster speeds,
which are increased by increasing stride frequency rather
than stride length, and so they do not trot or pace ®&,
Elephants maintain stability by using the pendulum
mechanism, despite their massive bodies, and they
conserve energy with effective muscular work ©'%, They
maintain movements of mass per unit distance with only
one-third of the average mass-specific mechanical work
of other animals B.. To date, biomechanical studies of
elephant locomotion are still limited, due to complex
methodology, and costly laboratory equipment and
program analysis. Hence, this study aimed to focus on the
temporospatial parameter of Asian riding elephants that

were trained to work with a mahout for tourism activities
in Thailand. Even formerly it had been done by Hutchinson
et al.’¥, this study used simple methodology, did not
need high technology in a laboratory setting, therefore
clinicians can use this technique further for field study and
the subjects in this study were riding elephants for tourism,
unlike those in a zoo or the natural environment. The
research knowledge and database gained from this study
will add information that can be applied to monitoring
lifelong elephant health management.

MATERIAL and METHODS

Ethical Approval

This study was approved by The Animal Care and Use
Committee of the Faculty of Veterinary Medicine (FVM-
ACUCQ), Chiang Mai University, Research ID 9/ 2013.

Animals

One male and 20 female adult Asian elephants (Elephas
maximus) from the Thai Elephant Conservation Center,
National Elephant Institute, Forest Industry Organization,
Lampang, Thailand, were evaluated by experienced
veterinarians from the Center’s elephant hospital and
approved as being clinically healthy, i.e., appropriate body
composition score, no neurological or musculoskeletal
problems, prior injuries that affected movement, and no
aggressive behavior. The elephants used in this study
worked as riding elephants with a harness on their back,
and they were guided by their own mahout. Practice trials
were conducted to ensure that the elephant and mahout
were familiarized with the experimental setting and able
to walk at a comfortable and normal speed.

Video Recording and Temporospatial Analysis

Markers with reflexive tape were applied to the
elephant at the joint landmarks of each limb by the
same veterinarian, according to procedures described by
Wijesooriya .. The elephant subjects walked in a straight
line at a normal, comfortable speed for 15 meters up
a walkway before turning back. Two digital cameras
(Nikon: D3300, frame size 1280x720 pixels, frame rate
of 30p) were set one on each side of the walkway and
10 meters away from it to record the movement of the
elephant. Temporospatial parameters that evaluated
each limb consisted of stride length (cm), stride time
(sec), swing time (sec), and stance time (sec). The length of
stride or gait cycle corresponded to the distance between
two consecutive ground contacts by the same limb. Each
cycle of limb movement included the stance, the phase
during which a limb made contact with the ground
and the swing when the limb is not contact with the
ground M. Stance time percentage was calculated as
(stance time/gait cycle time) x 100. Velocity or speed
was calculated from the average of distance divided by
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duration of the same limb. These parameters were digitized
and calculated for three consecutive gait cycles using
two-dimensional (2D) motion analysis Kinovea® software ',

Statistical Analysis

Data were recorded as mean and standard deviation.
Paired sample t-tests were used to analyze the differences
of each parameter between forelimbs and hinlimbs of
each side, with significant difference set at P<0.05.

RESULTS

Twenty-one elephants were enrolled into this study.
Their average age was 32.7+10.2 years and weight
3.059.62+555.19 kg, and 20 of the 21 subjects were female.
The demographic data are shown in Table 1.

The average stride length of each limb varied between
192-199 cm (Table 2), with no significant difference between
the fore and hindlimb on each side, but surprisingly, the
average stride length on the right side was significantly
longer than that on the left (right forelimb 197.45+29.06
cm vs left forelimb 192.64+28.29 cm; P<0.05; right
hindlimb 198.94+29.97 cm vs left hindlimb 193.20+27.62

cm; P<0.01). Stride time or gait cycle time of both fore-
limbs was significantly longer than that of the hind limbs
(left forelimb = 2.31+0.65 sec vs hindlimb = 2.26+0.63 sec;
P<0.01 and right forelimb = 2.34+0.64 sec. vs hindlimb
2.26+0.59 sec, P<0.01). The stance time of both forelimbs
was also significantly longer than that of the hindlimb (left
forelimb = 1.76+0.62 sec. vs hindlimb = 1.67+0.58 sec;
P<0.001 and right forelimb = 1.80+0.60 sec vs hindlimb
1.68+0.56 sec, P<0.001), which corresponded to the swing
time of the forelimb being slightly shorter than that of
the hindlimb, with significance on both the left and right
side (P<0.001) (Table 3). The stance time percentage
for each limb was about 75%, with the right forelimb =
76.09%, left forelimb = 75.07%, right hindlimb = 73.28%
and left hindlimb = 72.64%.

DISCUSSION

Locomotion in all animals takes place in order
to transport the body, but in order to maintain such
movement in various situations they need unique
mechanisms with effective energy usage. Biomechanics
studies of gait revealed that humans and animals use
an “inverted pendulum” mechanism during walking

Table 1. Demographic data of the Asian elephants (n =21)

ID Name Age (year) Sex Weight (kg) Shoulder height (cm) | Hip height (cm) Body length (cm) BCS
1 Jojo 25 M 4.020 267 272 420 4
2 Nue-oun 12 F 2.515 225 235 321
3 Prajuab 32 F 3.880 237 243 393 5
4 Kod 33 F 3.640 240 250 395 4.5
5 Pumpuang 40 E 3.970 253 258 381 5
6 Wanalee 20 F 3.090 205 207 346 4.5
7 Areena 12 F 2.280 242 238 325 3
8 Warunee 30 F 3.025 232 228 372 3
9 Taddao 35 F 3.130 312 234 340 4
10 Suwanan 33 F 3.060 257 241 356 4
11 Sankham 41 F 2.565 217 218 310 3
12 Pooky 41 F 2.930 230 227 330 4.5
13 Payom 30 F 2.590 278 273 365 3
14 Manao 24 B 2.395 332 234 340 35
15 Mali 41 F 2.890 253 257 344 4.5
16 Linda 32 F 2790 336 238 370 3
17 Kam-nguen 49 F 3.090 242 248 341 3
18 Kammoon 47 F 4.060 258 267 385 4.5
19 Kanjana 30 F 2.660 227 230 330 3
20 Boyo 45 F 3.155 240 240 350 3
21 Boonpeum 35 F 2,515 315 218 356 4.5
Mean 32.71 3.059.62 257.05 240.76 355.71 3.83
S.D. 10.17 555.19 37.31 17.60 27.98 0.75
BCS: Body Condition Score
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Table 2. Average stride length of the Asian elephants (n=21)

Parameter Forelimb Hindlimb P-value
(Mean £S.D.) (Mean £S.D.)
Left 192.64+28.29 193.20+27.62 0.64
Stride length (cm)
Right 197.45+29.06 198.94+29.97 0.20
P-value 0.03 0.005
Paired samples t-test; significance level at P-value <0.05

Table 3. Stride, swing, and stance time of the Asian elephants (n=21)

Parameter Forelimb Hindlimb P-value
(Mean £S.D.) (Mean £S.D.)
Left 2.31+0.65 2.26+0.63 0.002
Stride time (sec.)
Right 2.34+0.64 2.26+0.59 0.003
Left 0.55+0.06 0.59+0.06 <0.001
Swing time (sec.)
Right 0.54+0.06 0.58+0.06 <0.001
Left 1.76+0.62 1.67+0.58 <0.001
Stance time (sec.)
Right 1.80+0.60 1.68+0.56 <0.001
Left 75.07 72.64
Stance time percentage (%)
Right 76.09 73.28
Paired samples t-test; significance level at P-value <0.05

gait B2 Each limb generates ground force patterns
that cause the fore and hind quarters to vault over
their respective stance limbs, like inverted pendulums.
This mechanism is a fundamental system that bipedal,
quadrupedal, and even hoppers, like kangaroos, use
to minimize muscular work and the metabolic cost of
locomotion, with an effective exchange between potential
gravitational and kinetic energy during the gait cycle. It is
a cyclic exchange between gravitational potential energy
and kinetic energy within each stride, aimed to maintain
movements of the center of mass per unit distance B->1314,
At the start of a step, the center of mass becomes high;
kinetic energy is converted into potential gravitational
energy, and then moves forward and downward during the
second half of a step, when potential gravitational energy is
converted back into kinetic energy. Alternate transference
of these two forms of energy results in some energy loss,
but in the stance phase, leg performs like a pendulum that
the hip moves along an arc and no moment acts, so with
the knee kept rigid, muscles do not work. This inverted
pendulum contributes to effective energy exchange, in
which up to 70% of energy can be recovered 3213,

In terms of the kinematic mechanism of an elephant,
walking and running differ in the mechanics of center of
mass motion 3, walking and running types of gait are
identified by several factors: duty factors (fraction of the
stride duration in which each foot remains on the ground),
Froude number (dimensionless speed parameter), phase

relationship between kinetic and potential energies, and
the slope of the vertical ground reaction force 53, During
running gaits, such as trotting, hopping and galloping,
potential energy and kinetic energy are converted into
elastic strain energy of a bouncing mechanism, like a
mass-spring system 31214 A duty factor above 0.5 has
been used to indicate walking, with feet on ground for
more than half of each stride cycle, and a duty factor of
below 0.5 indicates running &,

Analysis of elephant locomotion is limited, however,
the studies of Hutchinson et al.®”, Ren et al.l'®, and Genin
et al.®! clarified the locomotor kinetic and kinematic
characteristics of Asian elephants. They revealed that
elephants, as with other quadrupeds, use a lateral
sequence footfall pattern during walking to achieve the
objectives of effective energy expenditure and minimal
muscular work B¢'¢ The temporospatial parameters
reported in this study were consistent with those found in
previous literature, even though all of the subjects were
riding elephants guided by their own mahout and trained
to work in tourism activities. The stride length of each limb
was approximately 200 cm, ranging from 192.6 to 198.9
c¢m, with no significant difference between the fore and
hindlimb on each side at a comfortable walking speed
of average 1.1 ms™. This may confirm that elephants walk
with a lateral sequence footfall pattern, and distribute
their center of mass proportionally across all four limbs, as
reported in previous studies 719,
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It was somewhat surprising that in this study the
average stride length on the right side was significantly
longer than that on the left (P<0.05 for both fore limbs
and hind limbs). Most of the subjects were adult elephants
ridden by mahouts; and as domesticated Asian elephants,
unlike zoo-captive elephants, their gait characteristics
may have been influenced from a young age by training
or developing lateralization behavior for a preferred side,
as indicated by Haakonsson and Semple '), who stated
that left-side trunk movement bias was associated with
feeding, swinging and self-touching. Thus, stride length
in this study might reflect the lateral preference of Asian
elephants.

With temporal parameters, the stride or gait cycle time
of the forelimb was significantly longer than that of the
hindlimb on both sides (P<0.01). Average stance time of
all four limbs was between 1.67 and 1.80 sec., with the
stance time of the forelimb significantly longer than that
of the hind limb (P<0.001), as reflected in a shorter swing
time of both fore limbs when compared to the hind limbs
(P<0.001). The stance time percentage for each limb was
about 75% (ranging from 72.64 to 76.09%). Temporal data
from this study were consistent with those in the studies of
Genin et al.®! and Wijasooriya et al.” in that elephants may
bear more weight on their forelimbs in order to support
their massive body weight. This study also confirmed that
Asian elephants spend a single limb swing phase of only
approximately 25%, and distribute their body weight to
the other three legs in order to maintain stability while
accelerating the body forward. Therefore, even with their
huge bodies, elephants are able to consume energy, reduce
muscular work, and maintain their stability effectively.

The temporospatial parameters from this study
confirmed those from earlier data, in that the bio-
mechanics of the Asian elephant’s low-speed walking
is similar to that in other quadruped mammals. This
study used simple technology and equipment, including
two digital cameras, which veterinarians or researchers
apply to field study. Understanding the biomechanics
of elephant locomotion also can be used as objective
measurement in clinical care and research. However, the
normal kinematic parameter should be continued to study
and compare walking in lifelong daily work, since it might
provide other health parameters for elephant welfare and
management.
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Abstract

The aim of this study was to compare intrathecal (IT) administration of bupivacaine and ropivacaine after propofol was given to dogs
undergoing ovariohysterectomy operation. After propofol was administered to 16 dogs, IT anesthesia was performed with either 20 mg of
bupivacaine (bupivacaine group, BG, n=8) or 30 mg ropivacaine (ropivacaine group, RG, n=8) in the lumbosacral space in this randomized,
prospective, clinical trial. Noninvasively systolic, diastolic and mean arterial blood pressure, heart rate, respiratory rate and rectal temperatures
were recorded after propofol and up to 150 min after IT injections. Onset, duration and the extent of sensory block were determined by using
the needle prick during the ovariohysterectomy operation. The duration of IT anesthesia (BG: 89.5+7.6 min; RG: 64.75+6.8 min) was significantly
different between the groups (P<0.05). The values in each group were within the reference range although there were differences in terms
of arterial blood pressure (systolic, diastolic and mean), heart rate, respiratory rate and rectal temperatures. In conclusion, this study showed
that IT bupivacaine and ropivacaine following administration of propofol can provide safe and effective anesthesia in dogs undergoing
ovariohysterectomy operations.

Keywords: Propofol, Intrathecal anesthesia, Bupivacaine, Ropivacaine, Dog

Ovariohisterektomi Yapilan Kopeklerde Propofol Uygulamasini Takiben
Bupivacaine ya da Ropivacainin intratekal Uygulamasinin Etkileri

Ozet

Bu calismanin amaci ovariohisterektomi operasyonu yapilan kopeklere propofol verildikten sonra bupivacaine ve ropivacaine’in intratekal
(IT) uygulamasinin karsilastirilmasi idi. Randomize ve prospektif olan bu klinik arastirmada 16 kopege propofol verildikten sonra IT anestezi
lumbosakral bosluga verilen ya 20 mg bupivacaine (Bupivacaine Grubu, BG, n=8) ya da 30 mg ropivacaine (Ropivacaine grubu, RG, n=8) ile
saglandi. Propofol uygulamasindan sonra ve IT enjeksiyondan sonraki 150. dakikaya kadar noninvaziv olarak sistolik, diastolik ve ortalama
arteriyel kan basinglari ile nabiz, solunum sayisi ve rektal 1si kayit edildi. Ovariohisterektomi operasyonu sirasinda sensorik blokajin baslangici,
bakimindan gruplar arasinda istatistiki olarak 5nemli derecede bir farkli bulundu (P<0.05). Arteriyel kan basinglari (sistolik, diastolik ve ortalama)
ile nabiz, solunum sayisi ve rektal isi agisindan bazi farkliliklar olmasina ragmen her bir gruptaki degerler referans aralikta idi. Sonug olarak, bu
calisma ovariohisterektomi operasyonu yapilan kopeklerde propofol uygulamasini takiben IT bupivacaine ve ropivacainin givenli ve etkili bir
anestezi saglayabildigini gosterdi.

Anahtar sézciikler: Propofol, intratekal anestezi, Bupivacain, Ropivacain, Képek
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INTRODUCTION

Intrathecal (IT) or subarachnoid anesthesia providing
sympathetic, sensory and motor nerve blockage with
injection of local anesthetics into the subarachnoid space
has become quite popular in recent years 3., IT anesthesia
is a simple and more economic approach to anesthesia as
it can be administered without the equipment and devices
required for inhalation anesthesia, but the experience
during administration can be viewed as a disadvantage 3.,
IT anesthesia is preferred to general anesthesia for hind
limb surgery, flank surgery, ovariohysterectomy, cesarean
section and tail surgery in many animal species ',

In dogs, subarachnoid puncture at the lumbosacral
junction is possible and intrathecal or spinal injections
may be made with the patient lying in either sternal or
lateral recumbency ©71. After the spinal needle enters into
lumbosacral space by 90°, it should be moved towards the
cranial by 45°. In this approach, cerebrospinal fluid (CSF)
flow may not always be possible due to the cauda equina
in dogs. If it cannot be sure that it has been entered, it
should be abandoned. In this case, alternatively it can
be entered in the L6-L7 range ®. To perform the spinal
puncture, the two tuberosities of the iliac bone and of the
spinal process of the last lumbar vertebra are identified.
The lumbosacral space is located immediately below. By
sliding the finger in the cephalic direction, the next inter-
vertebra space is L6-L7; this is the site where the puncture
is performed using a disposable 20-25 G spinal needle
which is inserted through median access at approximately
45°. After crossing the arachnoids membrane, the needle
mandrel is removed to obtain free CSF leakage- proof of
correct needle placement 3691,

Propofol, a weak analgesic, has been preferred before
anesthesia to ensure quick recovery and minimal side
effects, patient comfort, safety and immobility. Although
it may cause dose-dependent respiratory depression,
advantages are the fact that it is an antiemetic, anti-
convulsant and amnestic agent %1%,

Bupivacaine and ropivacaine are both amide-type local
anesthetics and effective, long-lasting, local anesthetics
that are quite frequently used in IT anesthesia. Bupivacaine
provides advantages over ropivacaine in terms of depth
of anesthesia and duration of anesthesia, but it can cause
ventricular arrhythmia and cardiotoxicity 231618,

Animals are usually sedated before intrathecal anesthesia.
However, during the spinal puncture, reactions that cause
disgust may be seen. In addition, these reactions negatively
affect the quality of anesthesia and it can even result in
unwanted accidents. So, propofol may be an alternative
to avoid these. The purpose of this study was to compare
of the effects of intrathecal administration of bupivacaine
and ropivacaine following propofol administration in dogs
undergoing ovariohysterectomy.

MATERIAL and METHODS

The study was approved by the Kafkas University
Animal Experiments Local Ethics Committee (KAU-HADYEK:
2015/052). Consent was also obtained from the animal
owners, who were informed about the study.

This study was conducted on 16 dogs brought to
the Kafkas University, School of Veterinary Medicine,
Department of Obstetrics and Gynecology for a routine
ovariohysterectomy operation.

The dogs made general health examination were divided
into two groups with one receiving bupivacaine (BG, n=8)
and the other ropivacaine (RG, n=8). Before IT anesthesia,
6 mg/kg propofol (Propofol® 1%, 20 mL enj., Fresenious
Kabi-Germany) was administered intravenously as a single
dose to each dog. Five minutes later, dogs were placed in
the prone position. IT anesthesia was performed under
aseptic conditions with either 20 mg ™" (4 mL as total dose)
bupivacaine (Marcaine®, 5 mg/mL Astra Zenaca) or 30 mg ™
(4 mL as total dose) ropivacaine (Naropin® 7.5 mg/mL, Astra
Zenaca) injected into the L7-S1 or L6-L7 as previously
described ['3>781 |f the spinal puncture was suspicious or
unsuccessful, it was not insisted and abandoned.

All dogs were laid in the supine position on the operating
table with a slope of approximately 30° to prevent cranial
progress of the local anesthetic. An ovariohysterectomy
was routinely performed by entering the laparatomy
incision, which began approximately 1 cm caudal to the
belly button and extended for 5 cm to the posterior along
the center line. During the ovariohysterectomy, regular
checks were performed to determine whether or not the
ovaries, uterus, and ligamentum latum uteri were sensitive
to touch or dissection.

Each animal was monitored (Veterinary Monitor®
MMEDG6000DP S6-V, Germany) by recording heart rate
(HR), noninvasively systolic arterial blood pressure (SBP),
diastolic arterial blood pressure (DBP), mean arterial blood
pressure (MBP), electrocardiogram (ECG), respiratory rate
(RR), and rectal temperature (RT) initially, at propofol
administration, and during anesthesia at 5, 15, 30, 60,
90, 120, 150 min. Also, biochemical measurements were
performed on venous blood at 0, 15, 30, 60, and 120 min
with a colorimetric assay to determine levels of serum
glucose, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), blood urea nitrogen (BUN), and creatine.

For ECG measurements, extremity leads were used.
QT measurements were corrected for the heartbeat to
calculate corrected QT (QTc) intervals. The formula QTcF =
QT/(RR)"”? developed by Fridericia " was used for evaluation
of the measurements.

Painful stimuli were created using a 23-gauge needle
to assess superficial and deep pain ventral to the caudal
abdomen, tail, perineum, and hind limbs. The needle prick
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was evaluated on a scale of 0 to 3 as reported by some
study '31: 0 = no analgesia and normal strong reaction
to stimulus, 1 = mild analgesia and depressed reaction
to stimulus, 2 = moderate analgesia and no response to
superficial needle-prick stimulation of the skin, and 3 =
complete analgesia and no response to insertion of the
needle deep into muscle tissue. The needle prick procedure
was continued until the end of the anesthesia even if the
operation ended early. In addition, it was checked for
anesthesia by compressing the paw and tail end with a
forceps during the anesthesia.

Before the ovariohysterectomy operation, a 22-G
polyurethane catheter was aseptically placed into the
ramus dorsalis of vena saphena and an electrolyte solution
(saline 0.9 per cent) was administered intravenously at 10
ml/kg/hour for the duration of IT anesthesia.

Routine daily nursing procedures such as postoperative
antibiotics (20 mg/kg, iv cefazolin sodium, Sefazol®,
Mustafa Nevzat, for five days postoperatively) and analgesia
(Carprofen, 4 mg/kg, im, Rimadyl, Pfizer, Turkey, for three
days postoperatively) were provided for the dogs under-
going ovariohysterectomy.

Statistical evaluation of the data was performed with
a normality test (Anderson-Darling) using the Minitab-16
packet program, followed by the Kruskal-Wallis test for
non-parametric data and the ANOVA method (One-way
Analysis of Variance-Tukey’s pairwise comparisons), with
P<0.05 accepted as significant.

RESULTS

All study findings were categorized as clinical, hemo-
dynamic (Table 1) and biochemical (Table 2).

There was no statistically significant difference between
the groups in terms of body weight (BG: 21.5+6.9 kg RG:
25.13+5.0 kg), age (BG: 2.5+£1.4 years, RG: 3.2+2.3 years)
and ovariohysterectomy operation time (BG: 42.38+5.0
min, RG: 42.50+3.9 min). But, duration of IT anesthesia (BG:
89.5+7.6 min; RG: 64.75+6.8 min) was significantly different
between the groups (P<0.05). Before recovery from IT
anesthesia in all dogs, there was signs of waking up such as
head and eye movements because it was more short-term
effects of propofol. However, regardless of these symptoms,
the duration of IT anesthesia was measured. Also, the effort
for reach to the sternal position was not observed until the
end of the IT anesthesia.

In both groups, the duration of IT anesthesia was
sufficient for the ovariohysterectomy operation and
adequate analgesia and muscle relaxation for this operation
was achieved. Also, there was no need for additional local
anesthetic doses in both groups.

No negative situations were encountered in the intra-
operative period; in particular there was no response to
any touch and pull of the ligamentum latum uteri.

All values for both groups were within the reference
range despite some differences in hemodynamic values
(Table 1). After the administration of propofol, SBP, DBP,
MBP and HR decreased, but this decrease was within the
normal range. However, this decrease continued with
IT anesthesia, but the decline was less in RG. Following
propofol administration, apnea also occurred in all dogs
and RR returned to baseline values within a short time. RT
was similar in both groups, exhibiting a mild decline. No
statistically significant differences were found between
groups in ECG measurements.

Table 1. Meanzsd for heart rate (HR), systolic arterial blood pressure (SBP), diastolic arterial blood pressure (DBP), mean arterial blood pressure (MBP),

respiratory rate (RR), and rectal temperature (RT) with IT bupivacaine (BG) or ropivacaine (RG) following propofol administration in dogs

Time (min)
Variables | Groups
0 (initially) | Propofol+1 IT+5 30 60 920 120 150
SBP BG 132.5+11.37 | 1245+84% | 118148 | 1152486 | 123.846® | 125+8.8% | 126.5+9.3% | 124+9.2% | 130+9.2%
(mm Hg) RG 13334£6° | 123.14£6.7° | 113.1£6.9° | 109.747.9° | 116.5£6.2° | 126.5+3.3% | 130.2+3.8%° | 132.545.1°° | 132.5+6.2%
DBP BG 96.5+6.8° | 92.2+63%® | 87.2+8.7° | 86.5+4.8° | 88.7+4.8° | 92.2+4.33® | 94+458® | 951+6.6® | 95.8+6.7°
(mm Hg) RG 95.245.4° 91453® | 86.2+3.9% | 84.5+5.5> | 83.2+43.2c | 87.1#3.5b | 89.5452%¢ | 94459% | 95244 5%
MBP BG 113+3.8° | 107.8+3.4% | 102+3.8° | 101.3+3.8° | 104.3+4.9° | 108.5+5.4% | 111.245.2¢ | 111.743.9% | 113.243.5%
(mm Hg) RG 111.542.9° | 106.3+3.8° | 99+3.5° | 94.6+29° | 9443.5° | 100.7#55° | 108.5+5.9° | 110.7+3.5* | 111.743.2°
HR BG 85.3+2° 81.5+1.4° | 785+1.4° | 78+1.5° | 767426 | 781422 | 82+1.8> | 83.5+2.7% | 85+2.6°
(opm) RG 85.6+2.5° | 812+£2.1° | 78+1.8 | 77.8+1.1¢ | 78.8+2.2° | 813414 | 832+1.4% | 842+1.9% | 85115
RR BG 26.5+3.3° | 17.8+1.8° | 16.8+2.2° | 16.6+1.9° | 18.6+1.9° | 212419 | 24.142.9% | 252+43.1° | 26.7+3.9°
(opm) RG 27.743.2° | 16.8+3.9° | 17.742.8° | 17.243° | 19.6+2.3% | 22.542° | 253+29%c | 265432 | 27.243.9°
RT BG 38.5+0.1° | 384+0.1® | 38+0.1° | 37.940.1° | 37.9+0° | 38.2+05° | 38.2+0.5% | 38.2+0.1% | 38.4+0.2%
Q) RG 386+0.1° | 382+02b | 38+0.1° | 37.9+0.1° | 37.9+0° | 382+0.1° | 384%0° 38.5+0° | 38.5+0.1°
a-c: Differences between average values are shown by different letters on the same line (P<0.05)
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Table 2. Mean + sd for biochemical parameters according to anesthesia intervals

Time (min)
Variables Groups
0 (Initially) 15 30 60 120
BG 71.245.6° 76.315.2° 77.6+3.8% 79.8+4.8°¢ 84.8+4.0°¢
Glucose (mg/dL)
RG 68.6+3.6° 69.9+8.7° 64.1+77.6° 77.6+11.52 79.3+14.2°
AST (U) BG 49.0+4.3° 42.142.5° 40.0+2.7 ° 348+1.5¢ 35.1£1.5¢
RG 49.3+26° 43.4424° 37.0+26° 33.8+26° 37.3+44¢
A BG 64.7+9.6 ° 44.6+4.8° 38.8+£6.9° 28.8+3.3¢ 25.6+2.8°¢
RG 58.6+9.82 43.244.7 ° 36.1+£3.3° 28.0+£3.0¢ 34.6+5.8 B¢
BG 6.9+2.0° 9.843.7° 9.843.7° 17.18+4.5" 20.0+5.0°
BUN (mg/dL)
RG VAIEEZASE 8.7+£1.7° 11.8+1.72 17.2+4.7° 19.6+4.1°
BG 0.64+0.1° 0.76+0.1° 0.85+0.1° 0.91+0.1°¢ 1.07+0.1¢
Creatine (mg/dL)
RG 0.71£0.1° 0.71£0.0° 0.78+0.0° 0.85+0.0"° 0.88+0.1"
a-c: Differences between average values are shown by different letters on the same line (P<0.05)

In addition, recovery from depressed hemodynamic
parameters lasted longer in BG but was more short-lived
in RG.

All values were within the range of reference values in
the groups (Table 2) although there were some statistically
differences in terms of biochemical values.

DISCUSSION

Propofol is used with many different combinations to
immobilize the patient, and maintain safe comfortable
anesthesia and easy recovery from anesthesia with minimal
side effects by administering before anesthesia despite
its weak analgesic effect "'l In our study, the patient
was prepared for anesthesia by using propofol before IT
anesthesia in ovariohysterectomy operations. An induction
that is effective in a short time was achieved in all cases in
this study. Therefore, difficulties were not encountered in
the transition of the ligamentum flavum during subarachnoid
or IT punctures. In addition, desensitization at this location
does not require local anesthesia. Total immobility was
provided for all of the dogs, and this situation was the
positive contribution for IT anesthesia during surgery.

A dose-dependent depressive respiratory effect is
expected with propofol administration %3, There was
apne in our study, but respiration rate after recovering
apnea was within the range of normal physiological
reference values . Therefore, the lowest possible dose is
recommended, and the intravenous injection should not
be performed too rapidly.

It has been reported that neurological complications
after subarachnoid or IT anesthesia can be caused by
local anesthetic toxicity and that this complication varies
depending on pH, oil solubility and the protein binding
power of the local anesthetic "2, The effective duration
of a local anesthetic is determined by its protein binding

power. Both bupivacaine and ropivacaine are members
of the long-acting, amide class of local anesthetics %168,
It has been reported that the effect of bupivacaine lasts
longer than ropivacaine, but bupivacaine may have cardio-
pulmonary side effects 29, A statistical difference was
found between BG and RG with regard to the duration of
IT anesthesia (BG: 89.5+7.6 min; RG: 64.75+6.8 min) (P<0.05).
Other studies " have reported similar findings. In addition,
recovery from depressed hemodynamic para-meters lasted
longer in BG but it was more short-lived in RG. In our
study, no complications of IT anesthesia that induced
clinical findings or behavioral changees were observed
in the dogs. Furthermore, abnormal symptoms in the
dogs’ general condition, such as inactivity, loss of appetite,
moaning after the anesthesia or in the post-operative
period were not observed. Moreover, the animal owners did
not report any subsequent negative feedback.

Bupivacaine and ropivacaine are metabolized in liver
and in kidney (up to 10%) within 24 h of administration ©°,
Also, propofol is metabolized in the liver ', Even though
there was a statistically significant difference (P<0.05)
between the initial values and the values observed
during anesthesia in biochemical parameters. However,
the obtained values were in the range with the reference
values 2% Hence, it can be said that the side effects of
drugs used in spinal anesthesia on the liver or kidney are
less because they joined slowly in a long time to systemic
circulation.

The cranial progression of local anesthetics in cerebro-
spinal fluid throughout medullar canal is not a desirable
situation during subarachnoid, IT or spinal anesthesia. It
can lead to the development of hypotension, migration of
local anesthetic towards the cranial area, and respiratory
depression due to blockage of the diaphragm and inter-
costal muscles, possibly resulting in death. Therefore,
the choice of local anesthesia for spinal or IT anesthesia
is critical 136,
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There are many studies where the advantages of
bupivacaine and ropivacaine are demonstrated 1617,
However, these local anesthetics may extend to the cranial
area. To prevent this from occurring, either the solution
should be in hyperbaric concentrations, or the patient
may be inclined on the operating table to take advantage
of gravity 3%l In our study, the spread of local anesthetic
agents to the cranial area was limited by tilting the
operating table to elevate the animal’s head. Additionally,
hemodynamic values in both groups were within the
physiological reference range despite a statistically
significant difference compared to baseline values, and
no life-threatening changes were observed. Therefore,
we believe that tilting the operating table during spinal
anesthesia should not be ignored.

Some authors have reported that an increase in heart
rate, respiration rate and systolic blood pressure values of
20% or more during the operation are thought to be an
indication of intraoperative pain ®>'>2'!, In our study HR, RR
and SBP were almost the same as baseline values. Hence,
there was no evidence of intraoperative pain in this sense
or any other indication during the operation.

The results of this study comparing IT bupivacaine
and ropivacaine after propofol administration for ovario-
hysterectomy operations in dogs demonstrate that
safe and effective anesthesia can be achieved using IT
ropivacaine and bupivacaine, and that it can be a practical
and functional option after propofol administration.
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Abstract

Duck hepatitis A virus (DHAV) causes an acute and highly contagious disease in young ducklings worldwide. Despite the widespread use of
the DHAV vaccine, many outbreaks still occur in Vietnam. In this study, we determined the full-length genome sequence of two DHAV isolates
(NCand NT) obtained from infected ducks in 2009 and 2013, and compared them with the attenuated DHAV-1 vaccine strain (namely, VXXT)
currently used in Vietnam. The NC and NT strains belong to the virulent DHAV-3 genotype, and their genomes consist of 7791 and 7790
nucleotides (nt), respectively. Both genomes contain one large open reading frame (ORF) of 6756 nt, encoding a polyprotein of 2251 amino
acids and possess a typical picornavirus genome organization. The majority of predicted C-terminal cleavage sites in the polyprotein were
Q/S or Q/G. Phylogenetic analysis of the nucleotide sequence of the full ORF revealed that all virulent Vietnamese strains are closely related
to Chinese DHAV-3 strains. Noticeably, the virulent Vietnamese DHAV-3 strains had relatively low nucleotide identity with the DHAV-1 vaccine
strain (73.5%). The study showed that an antigenicity-matched DHAV-3 vaccine is urgently required for use in Vietnam.

Keywords: Duck hepatitis A virus, Genotype, Genome, Phylogenetic

Sekans ve Filogenetik Analiz Viethamda Ordek Hepatitis A Viriis
Genotip-3'liin Prevalansini Ortaya Koymaktadir

Ozet

Ordek Hepatitis A viriisii (DHAV) diinya capinda drdek palazlarinda akut ve oldukca bulasici bir hastaliga neden olmaktadir. DHAV asisinin
yaygin kullanimina ragmen Vietnam'da hala bir¢ok salginlar olusmaktadir. Bu calismada, 2009 ve 2013 yillarinda enfekte 6rdeklerden elde
edilen iki adet DAHV izolatinin (NC ve NT) tiim genom sekansi belirlenmistir ve Vietnam'da mevcut kullanilan atentie DHAV-1 asi susu (VXXT)
ile karsilastirnimistir. NC ve NT suglari virulent DHAV-3 genotipine ait olup genomlari sirasiyla 7791 ve 7790 nikleotid (nt)'ten olusmaktadir.
Her iki genom 6756 nt boyutunda bir blyiik acik okuma cercevesine (open reading frame ORF), sahip olup 2251 amino asit uzunlugunda
bir poliprotein kodlar ve a tipik olarak picornavirus genom organizasyona sahiptir. Poliproteinde tahmini C-terminal ayrilma bdlgelerinin
cogunlugu Q/S veya Q/G olarak belirlendi. Biitiin ORF'nin niikleotid sekansinin filogenetik analazi tiim virtilent Vietnam suglarinin Cin DHAV-3
susu ile yakindan akraba oldugunu gosterdi. Virlilent Vietnam DHAV-3 suslari géreceli olarak DHAV-1 asi susu ile disiik niikleotid benzerligine
(%73.5) sahipti. Bu ¢calisma antijen uyumlu bir DHAV-3 asisinin Vietnam'da acilen kullaniimasi gerekliligini gostermektedir.

Anahtar sézciikler: Ordek hepatitis A viriist, Genotip, Genom, Filogenetik

INTRODUCTION three distinct serotypes of DHV (DHV-1, -2, and -3) have

been described, among which there are no antigenic

Duck hepatitis virus (DHV), first described on Long  relationships . Recently, according to the Ninth Report
Island, New York in 1949 [, causes a rapidly spreading  of the International Committee on Taxonomy of Viruses
and often fatal disease in young ducklings 2. Historically,  (ICTV), DHV-2 and DHV-3 were classified as duck astrovirus
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type 1 (DAstV-1) and duck astrovirus type 2 (DAstV-2),
respectively, whereas DHV-1 was renamed as duck hepatitis
A virus (DHAV) and classified as a member of the newly
defined genus Avihepatovirus in family Picornaviridae Pl
DHAV has three genotypes, i.e.,, DHAV-1, DHAV-2, and
DHAV-3 ©9, are of the most virulent variants %, Currently,
DHAV-1 distributes globally, whereas DHAV-3 has been
reported only in China and Korea 712 and DHAV-2 is
limited to Taiwan . Recently, the in vivo distribution of
both DHAV-1 and DHAV-3 viruses in clinically infected
ducklings was reported in Chinese flocks >4,

To date, nearly 50 complete genome sequences of
DHAVs have been published 712'3, DHAVs have a positive
single-stranded RNA genome with a single large open
reading frame (ORF) of 6750 nucleotides, encoding a
polyprotein of 2249 amino acids in DHAV-1 and DHAV-2
or 2251 amino acids in DHAV-3 (due to an additional 6
bp in VP1, encoding two extra amino acids).

The diversification of DHAV in recent years, and
particularly the emergence of DHAV-3, may have been
underestimated. It is possible that DHAV-3 exists in
countries other than China and Korea; if so, the prevalence
of this genotype in previously unreported locations remains
unknown. Each year in Vietnam, 50 million ducks are raised
in farms and in fields. The ducklings are all vaccinated
with DHAV-1 vaccine(s), most commonly the VXXT vaccine
strain produced by the Veterinary Vaccine Company
of Vietnam (VETVACO, Hanoi, Vietnam). Nonetheless,
severe annual outbreaks of DHAV still occur, suggesting
an antigenic mismatch between the vaccine (DHAV-1
derivative) and the circulating virulent DHAV variants. The
discovery of DHAV-3 in China and Korea ®”'and DHAV-2 in
Taiwan ® raises questions about the existence of different
genotypes of DHAVs in other countries. Therefore, in
this study, we sequenced the complete genomes of two
virulent DHAV strains and compared them with the vaccine
strain currently used in Vietham to determine whether
DHAV-3 or DHAV-2 are occurring in this country. This is the
first international report to analyze the full-length genome
sequences of DHAVs in Vietnam.

MATERIAL and METHODS

Viruses Used in the Analyses

Totally 32 samples were collected including two DHAV-1
attenuated vaccine strains and 30 duckling liver clinical
samples. Using primers for VP1 gene, 11 of them were
identified as DHAV, and 10/11 were DHAV-3 '®. Among
them, four strains was chosen to sequence and analysis
complete genome for this study, including one DHAV-1
vaccine strain (VXXT) and three field DHAV-3 strains (DN2,
NC and NT) that isolated from outbreaks in Dong Nai
(2009), Ho Chi Minh City (2009) and Ninh Thuan province
(2013), respectively. The VXXT vaccine strain was produced

by the VETVACO (Hanoi, Vietnam). The complete genome
sequence of the DHAV-3 strain DN2 and the DHAV-1 vaccine
strain VXXT were obtained and submitted in advance in
GenBank (GenBank accession numbers JF914944 and
JF914945). The complete genome sequence of the two
remaining strains, DHAV-3 NC and NT, were obtained and
analyzed in this study.

RNA Extraction and Reverse Transcription

Viral RNAs were extracted from samples using the
RNeasy Mini Kit (Qiagen, Germany) and stored at -80°C
until use. cDNA synthesis was conducted using the Maxima
Reverse Transcriptase kit (Fermentas, EU) as follows: 4 ul of
viral RNA (~100 ng of viral RNA), 1 pl of random hexamer
primer (100 pmol/ul), 1 pl of ANTP mix (10 mM each), 5
pl of transcriptase buffer (5X), 0.5 pl of Ribolock™ RNase
inhibitor (20 U), 1 ul of Maxima Reverse Transcriptase (20
U), and 8.5 ul of RNase-free water, in a final volume of 20
pl. The cDNA synthesis reaction mixture was incubated at
50°C for 60 min, and then for 5 min at 85°C to inactivate
the enzyme. The cDNA samples were stored at -20°C for
further use.

Primers and PCR Amplification

For preliminary detection of DHAV genotypes, three
genotype-specific primer pairs were designed, based
on the conserved sequences of each DHAV genotype, to
specifically amplify the VP1 region (Table 1). Next, five pairs
of primers were designed to obtain full-length genome
sequences of three DHAV-3 strains (Table 2). The conditions
used for amplification were as follows: initial denaturation
at 94°C for 5 min; 35 cycles of 94°C/1 min, 55°C/1 min
(annealing), and 72°C/2 min (extension); followed by 10
min/72°C (final extension). Negative controls (DEPC water)
were included in every set of PCR. PCR products were
visualized by 1% agarose gel electrophoresis, stained with
ethidium bromide, and photographed under UV light.
After purification using the AccuPrep™ Gel Purification Kit
(Bioneer Inc., South Korea), amplicons were sequenced by
a commercial service (Macrogen, South Korea).

Nucleotide Sequencing and Computational Analysis

Nucleotide sequences were identified using the Basic
Local Alignment Search Tool (BLAST) on the National Center
for Biotechnology Information (NCBI) website (http://www.
ncbi.nlm.nih.gov/BLAST). Multiple nucleotide alignment
of the Vietnamese and previously available DHAV sequences
was performed using GENEDOC 2.7 (http://iubio.bio.
indiana.edu/soft/molbio/ibmpc/genedoc-readme.html).
A phylogenetic tree was constructed using the MEGA 6.06
package, based on the neighbor-joining method with
1000 bootstrap replicas 7. DNA contigs were assembled
to generate the complete genome sequence in MacVector
8.2, and predicted polyprotein cleavage sites were
determined using GENEDOC 2.7 with reference data from
a previous analysis 7. The DHAV sequences obtained in
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this study were deposited in GenBank with the accession
numbers KU860089 and KU860090. The GenBank accession
numbers of the complete ORF sequences, sample codes,
and geographical origins are shown in Fig. 1.

RESULTS

Sequence Analysis of the Whole Genomes
of Four Vietnamese DHAV Strains

The VP1 region was chosen for preliminary species
identification using three pairs of genotype-specific
primers (Table 1). All collected samples were subjected
to PCR-coupled sequencing and BLAST-based genotype
confirmation. The VP1 nucleotide sequence revealed that
the field isolates (NC and NT strains) were of genotype 3
(DHAV-3). The cDNAs of these two strains were converted
and used as templates for coupled primer-walking PCR and
sequencing to obtain the complete genome nucleotide
sequence. Primers are listed in Table 2.

The sizes of the complete genomes of the NC and NT
strains (preliminarily classified as DHAV-3 by nucleotide
analysis of VP1) were 7791 and 7790 nucleotides, respectively,
including the 18-nucleotide poly-adenine (polyA) tail at
the 3’ end (Table 3). Each genome consisted of one large
ORF flanked by 5" and 3’ untranslated regions (UTRs). The
complete ORF sequences were used in a BLAST search

(http://www.ncbi.nlm.nih.gov/BLAST), providing further
confirmation that the NC and NT virulent strains were of
the DHAV-3 genotype. Comparative sequence analyses
revealed that both strains had typical picornavirus
genome organization: 5'UTR-L-VPO-VP3-VP1-2A1-2A2-
2B-2C-3A-3B-3C-3D-3'UTR, with a 3’ tail of 18 adenine
nucleotides (polyA). Details of genomic features for
each strain, including sequential gene arrangement,
gene clusters, and characteristics of individual genes, are
provided in Table 3.

All three Vietnamese DHAV-3 strains, including NC, NT,
and DN2 (GenBank accession number JF914944), had an
ORF of 6756 nt, a 5'UTR of 652 nt, and a 3'UTR of 366-369
nt. The DHAV-1 VXXT strain (GenBank accession number
JF914945) had an ORF of 6750 nt, with a VP1 gene that was
6 nt shorter than in DHAV-3 strains (714 versus 720 nt in
DHAV-3 viruses); a 5’'UTR of 626 nt (26 nt shorter); and a
3'UTR of 315 nt (51 nt shorter) (Table 3).

The three Viethamese DHAV-3 strains had similar base
compositions: adenine, 27.49-27.68%; uracil, 29.37-29.45%;
guanine, 22.13-22.47%; and cytosine, 20.35-20.76%. The
base composition of the DHAV-1 VXXT strain was as
follows: adenine, 29.1%; uracil, 28%; guanine, 22.7%; and
cytosine, 20.2%.

Analysis of the polyprotein sequence revealed that the
sequential protein order was the same as in all picornavirus

Table 1. Genotype-specific primers used for amplication of VP1 region for preliminary discrimination of DHAV-1, DHAV-2 and DHAV-3

Primer Name Sequence (5'-3") Amplicon Size (kb) Identification of Genotype*

DHAV1F GCCCCACTCTATGGAAATTTG ~0.8 DHAV-1
DHAV1R ATTTGGTCAGATTCAATTTCC
DHAV2F CACCACTTGGAGGAAATCAACAG ~0.8 DHAV-2
DHAV2R CCACCTGATGTTTTGTTGTGAGAG
DHAV3F ATGCGAGTTGGTAAGGATTTTCAG ~0.8 DHAV-3
DHAV3R GATCCTGATTTACCAACAACCAT

* DHAV: Duck hepatitis A virus

Table 2. List of primer pairs designed to obtain complete nucleotide sequence of the Vietnamese DHAV-3 viruses

Primer Name Sequence (5°-3’) Nucleotide Positions Amplicon Size (kb)
DK1F TTTGAAAGCGGCTGTGGTGTAG 1-21 ~1.7
DK1R GAGAGCAAAAGTTGGCATTCG 1745-1725
DK2F GTGGGTGATTTTCAGTGGGC 1653-1672 ~1.7
DK2R AACCAACCTCGGTAAGTGAGCACG 3413-3390
DK3F TGGAATCACTTGTTCGTGCC 3286-3305 ~1.7
DK3R AGACTGCCATCCCTCATTGC 4987-4986
DK4F GCGTAGGTTTCCAATCCGAC 4892-4911 ~1.8
DK4R GCTAACAGATTGTCCCACTCAGC 6691-6669
DK5F TTTGACTACACAGTTGCGTTCC 6563-6585 ~1.2
DK5R AGGGTGGGGAGGAATAGTAAAG 7781-7760
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Table 3. Sequential gene arrangement in clusters, comparison of the genomic features and amino acid residues at predicted C-terminal cleavage sites for

NC, NT, DN2 (DHAV-3) and VXXT (DHAV-1) strains

Size (Nucleotide)? Predicted C-terminal Cleavage Sites (Amino Acid)
Gene/Region DHAV3 DHAV1 DHAV3 DHAV1
NC NT DN2 VXXT NC NT DN2 VXXT
5'UTR 652 652 652 626 - - - -
ORF 6756 6756 6756 6750
3'UTR 366 366 369 315
PolyA 18 18 18 18
Complete size 7791 7790 7789 7703
Polyprotein 2251 2251 2251 2249 = = = =
L 30 30 30 30 L/G (30-31) L/G L/G L/G (30-31)
VPO 226 226 226 226 Q/G (256-257) Q/G Q/G Q/G (256-257)
VP3 237 237 237 237 Q/G (493-494) Q/G Q/G Q/G (493-494)
VP1 240 240 240 238 E/S (733-734) E/L E/L E/S (733-734)
P1 703 703 703 701 E/S E/L E/L E/S
2A1 20 20 20 20 NPG/P (753-754) NPG/P NPG/P NPG/P (749-752)
2A2 285 285 285 285 Q/S (1038-1039) Q/s Q/S Q/S (1036-1037)
2B 119 119 119 119 Q/S (1157-1158) Q/s Q/s Q/S (1155-1156)
2C 333 333 333 333 Q/G (1490-1491) Q/G Q/G Q/S (1488-1489)
P2 757 757 757 757 Q/G Q/G Q/G Q/s
3A 93 93 93 93 Q/S (1583-1584) Q/S Q/S Q/S (1581-1582)
3B 34 34 34 28 Q/G (1617-1618) Q/G Q/s Q/S (1615-1616)
3C 181 181 181 187 Q/G (1798-1799) Q/G Q/G Q/G (1796-1797)
3D 453 453 453 453 = = = =
P3 761 761 761 761 = = = =
a Size: Number of nucleotides (genome) or amino acids (proteins); numbers in parentheses indicate position of amino acid residues at the possible predicted
C-terminal cleavage sites. Only positions of sites in the NC (DHAV-3) and VXXT (DHAV-1) strains are indicated; these sites are the same in other DHAV-3 strains
(NT and DN2)

genomes, with four major clusters: L, P1 (VPO-VP3-VP1),
P2 (2A1-2A2-2B-2C), and P3 (3A-3B-3C-3D). Except for
VP1 in the DHAV-1 VXXT strain, which was two amino
acids shorter, the other clusters (L, non-structural P2,
and P3) and individual genes were the same sizes in the
Vietnamese DHAV-1 and DHAV-3 strains examined in
this study (Table 3). Eleven protease-cleavage sites were
identified in the polyprotein in all four Vietnamese strains
and two reference strains isolated in China, resulting in
generation of 12 independent proteins (i.e., L, VPO, VP3,
VP1, 2A1, 2A2, 2B, 2C, 3A, 3B, 3C, and 3D). The majority
of predicted C-terminal cleavage sites in the polyprotein
were Q/S or Q/G, with the exception of L/G between L and
VPO; E/L or E/S between VP1 and A1; and NPG/P between
2A1/2A2 (Table 3).

Sequence Comparison

Table 4 shows a comparison between the nucleotide
and amino acid sequences of the Vietnamese NC strain
and those of other Vietnamese strains (NT, DN2, VXXT) and
the genotype-reference GD and C80 strains from China.

The NC Vietnamese genome had nucleotide identity of
93.8-99.0% (ORF) or 94.0-98.8% (complete genome) with
other DHAV-3 strains (i.e., NT, DN2, and reference GD),
but much lower identity with the DHAV-1 VXXT vaccine
(73.5%, ORF) and C80 (73.6%, ORF) reference strains. The
amino acid similarity was higher: 98.6-99.4% within DHAV-
3 strains and 83.2-83.6% between DHAV-3 and DHAV-1
strains (Table 4).

Next, we compared the complete ORF sequences of
the three Vietnamese DHAV-3 isolates (NC, NT, and DN2;
6756 nt) and that of the DHAV-1 vaccine strain VXXT (6750
nt), as well as their deduced amino acid sequences, with
44 other DHAV sequences available in GenBank (16 DHAV-
1, 2 DHAV-2, and 26 DHAV-3). The GenBank accession
numbers, codes of samples, and geographical origin used
in this study are shown in Fig. 1.

Pairwise comparison of the ORF nucleotide sequences
of the 48 strains revealed 91-99% identity between the 16
DHAV-1 strains, 92-100% identity between the 26 DHAV-
3 strains, and 100% identity between the two DHAV-2
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Table 4. Comparison of the nucleotide and amino acid sequences of the Vietnamese NC strain to those of other Vietnamese strains (NT, DN2, VXXT) and the

genotype-reference Chinese GD (DHAV-3) and C80 (DHAV-1) strains

Length (DN2 Strain) Nucleotide Identity (%) Amino Acid Homology (%)
Genes/Regions DHAV-3 DHAV-1 DHAV-3 DHAV-1

nt o NT DN2 GD VXXT c80 NT DN2 GD VXXT c80

5'UTR 652 = 97.1 94.9 98.3 70.7 68.9 = = = = =
L 90 30 96.7 97.8 97.8 80 77.8 100 100 96.7 86.7 83.3
VPO 678 226 97.1 93.2 97.9 70.8 71.8 99.1 98.2 99.1 78.8 79.2
VP3 711 237 97.5 93.4 99.4 70.5 70.0 99.6 96.6 99.6 79.7 79.7
VP1 720 240 97.8 92.6 99.0 71.2 71.5 97.5 93.3 99.2 76.2 76.7
2A 915 305 97.3 934 99.0 69.3 69.3 97.4 96.1 99.3 744 754
2B 357 119 96.9 95.5 98.9 80.4 80.1 98.3 97.5 99.1 91.6 92.4
2C 999 333 98.2 93.7 99.1 76.7 76.3 99.4 98.2 99.4 91.9 91.9
3A 279 93 98.2 93.5 99.3 67.0 68.1 97.8 93.5 98.9 72.0 74.2
3B 102 34 99.0 95.1 100 70.6 71.6 100 100 100 794 794
3C 543 181 96.9 93.5 99.1 75.9 771 98.9 98.3 100 89.5 89.5
3D 1362 454 97.3 94.9 99.0 75.6 75.5 98.7 99.1 99.8 88.1 88.3

3'UTR 366 = 97.5 96.1 97.9 76.2 75.9 = = = = =
Structural P1 2109 703 97.4 93.1 98.8 713 71.5 98.7 96.0 99.3 78.2 78.5
Non-structural P2 2271 757 97.6 93.9 99.0 73.9 741 98.4 97.2 99.3 84.8 85.3
Non-structural P3 2286 762 97.4 94.4 99.1 74.6 75.1 98.6 98.3 99.7 86.1 86.5
ORF 6756 2252 97.5 93.8 99.0 735 73.6 98.6 97.2 99.4 83.2 83.6

Complete genome 7791 2252 97.2 94.0 98.8 72.8 72.8 = = = = =

nt: nucleoties; aa: amino acid, Reference strain GD: accession numbers GQ122332; strain C80: accession numbers DQ864514

strains (data not shown). Among the four Vietnamese
strains (NC, NT, DN2 of DHAV-3; VXXT of DHAV-1), the
highest nucleotide identity (98.4-98.6%) was observed
between the Vietnamese NT and Chinese 12-01 (GenBank:
KC893553) and B-N (JX235698) strains, and between
the Vietnamese NC and Chinese DHAV-3 SD1201 strains
(KC993890). The Vietnamese vaccine strain VXXT had
99% identity with the Korean DHAV-1 DRL62 (DQ219396)
strain.

Phylogenetic Analysis of DHAV Genotypes

Based on the full ORF nucleotide sequences, a phylo-
genetic tree was constructed to examine the relationships
between four Viethamese and 44 other DHAV strains of
all three genotypes (Fig. 1). The tree revealed three clear
genetic groups representing the DHAV-1, DHAV-2, and
DHAV-3 genotypes. The DHAV-3 genotype was represented
by 21 isolates from China and Korea and three isolates from
Vietnam. These 24 DHAV-3 isolates could be divided into
three clades (Clades 1, 2, and 3). Almost all Chinese isolates
(15/16) grouped into Clade 1, along with two Vietnamese
isolates (NC and NT). Of those, the NC isolate was most
closely related to two Chinese strains, SD1201 and G, and
the NT isolate was most closely related to the B-N and
1201 strains. All five Korean DHAV-3 strains were closely
related within Clade 2. Clade 3 contained the Chinese B-63

and Vietnamese DN2 strains (Fig. 1). The average genetic
similarity within DHAV-3 Clades 1, 2, and 3 was 94%, 93%,
and 93.5%, respectively.

The DHAV-1 genotype contained 19 different strains,
divided into four main subgroups (Clades 1-4). The
Vietnamese vaccine strain VXXT was clustered in Clade 3
with two Korean strains, the DRL62 and HS isolates. Clades
1, 2, and 4 comprised 19 Chinese DHAV-1 isolates (Fig. 1);
Clade 2 consisted of the Taiwanese strain O3D (GenBank
number DQ249299) and four Chinese strains (DQ864514,
DQ886445, HQ232302, and GQ130377) (Fig. 1). The average
nucleotide sequence similarity within clades 1, 2, 3, and 4
was 96-99%.

The DHAV-2 genotype was represented by only two
strains from Taiwan (04G and 90D), which were 100%
similar (Fig. 1).

DISCUSSION

To date, several DHAV sequences from Korea, China,
and Taiwan have been published 7121819, |n this study, we
reported for the first time in an international journal the
complete genome sequences and analysis of three DHAV-3
strains isolated from outbreaks in Vietnam, including DN2
(isolated in Dong Nai, 2009), NC (isolated in Ho Chi Minh
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Fig 1. Phylogenetic tree showing the relationships between 4 Vietnamese and 44 DHAV strains of all three genotypes based on analysis
of the full Open Reading Frame (ORF) nucleotide sequences. The phylogenetic tree was constructed with MEGA6.06 package using the
neighbor-joining method 7 with bootstrap values of 1000 replicas (shown at each branch). Scale bar at bottom indicates the number of
nucleotide substitutions per site. The isolates in this study are marked with bold letters and are indicated by a diamond symbol (¢). The
accession numbers are given at the end of each sequence, where applicable. International country codes (https://countrycode.org/) in




375

DOAN, LE, DO
NGUYEN, LE

City, 2009), and NT (isolated in Ninh Thuan province, 2013),
as well as the DHAV-1 attenuated vaccine strain (VXXT)
currently used for vaccination in Vietnam.

DHAVs were first detected in Vietnam in the 1980s. Some
local reports based on epidemiological studies assumed
that all DHVs in Vietham were of the DHAV-1 genotype.
However, none of the collected DHVs has been molecularly
genotyped. In addition, despite efforts to understand the
causes of this disease, no previous study has genetically
characterized DHAV in Vietnam. Although a vaccine is
used nationwide, severe outbreaks still occur in many
areas throughout the country. In this study, we showed
that the VXXT vaccine strain currently used in Vietnam
is of the DHAV-1 genotype, whereas all three clinical
samples collected from different provinces were of the
DHAV-3 genotype. Our study of the complete genomes
also revealed relatively low identity at the nucleotide
(73%) and amino acid (83.1-83.6%) levels between strains
of these two genotypes. This may explain the limited
protection conferred by DHAV-1 vaccines against the
circulating virulent DHAV-3 strains. Previous immunity
studies in Taiwan and South Korea indicated that no cross-
neutralization occurs in hosts infected with viruses of
different genotypes &%,

Phylogenetic analysis of the complete ORFs confirmed
that DHAVs in Vietnam were of two genotypes, DHAV-1
and DHAV-3. Noticeably, the Vietnamese vaccine strain
(VXXT) was very closely related to two Korean strains
(DRL62 and HS), forming a separate subgroup (Clade 3).
This observation suggests that the VXXT strain may have
originated in Korea. Our results also confirmed previous
studies showing that the Chinese DHAV-1 strains, along
with the Vietnamese strains used in this study, are highly
diverse, forming three subgroups (Clades 1, 2, and 4) with
nodal support (100%) in the phylogenetic tree"",

Within the DHAV-3 genotype, all five Korean strains
formed one subgroup (Clade 2). Clade 1 included most
strains from China and two strains from Vietnam (NC
and NT). The Vietnamese DN2 strain was closely related
to the Chinese B-63 strain and formed a completely new
subgroup, Clade 3. A previous study " reported a gene
rearrangement between DHAV-1 and DHAV-3 in the
Chinese DHAV-3 B-N strain, in which the 100 nt before the
initiator codon has high identity with the corresponding
sequence of DHAV-1. In this study, we demonstrated that
the B-N strain was most closely related to another Chinese
strain, 1201, and the Vietnamese strain NT. Moreover, we
also paid special attention to the 5'UTR regions. Although
the sequences of this region exhibit low similarity (66-
72%) between genotypes 1, 2, and 3, all of them have some
conserved regions, especially at 64 nt at the C-internal
of the regions. In addition, the 34 amino acids at the
N-terminus and the 24 amino acids from positions 65 to 88
of VP1 are extremely conserved among all genotypes. This
information provides insight into the molecular features of

DHAVs and hints at a transitional state between DHAV-1
and DHAV-3.

Our molecular investigation suggests that DHAV-
3 viruses are predominantly spread in Vietnam. This is
consistent with a previous study in China showing that
DHAV-3 is more widespread than DHAV-1 '3, although
other publications argued that DHAV-1 remains the most
prevalent genotype in China 2%, Additionally, mixed
infection with DHAV-1 and DHAV-3 in Chinese flocks has
been in identified at various rates: 57.7% in one study "*
and 12% in another "%. To date, however, we have not
observed any mixed infections with these two genotypes
in Vietnam. To clarify this issue further, more samples
will be needed.

In summary, we report here the complete genome
sequences of four DHAV samples: one attenuated vaccine
of DHAV-1 genotype and three virulent strains of the DHAV-3
genotype currently circulating in Vietnam. These results
will improve our understanding of the epidemiology and
evolution of DHAVs in Vietnam. In addition to confirming
the existence of DHAV-3 reported in previous studies,
our observations emphasize the distribution of DHAV-3
viruses outside China and Korea and the significance of
exploring DHAV-3 viruses in other countries where duck
hepatitis is endemic and prevalent in ducklings. In light of
these findings, an antigenicity-matched DHAV-3 vaccine
is urgently required for use in Vietnam.
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Abstract

An epidemiological investigation of Salmonella enteritidis in pig and pork samples from eight slaughterhouses in Shandong Province,
China, was conducted from December 2014 to October 2015. A total of 22.2% (142/640), of the slaughterhouse samples were recovered
positive for Salmonella spp.. All Salmonella-positive were characterized using serotyping, antimicrobial resistance testing, pulsed-field gel
electrophoresis (PFGE) and multi-locus sequence typing (MLST). Ten serotypes were shared by all isolates, with the most common serotypes
being Salmonella Derby, Salmonella Typhimurium, and Salmonella Thompson. Antimicrobial sensitivity testing revealed that the highest
antimicrobial resistance rate was against sulfisoxazole (91.55%) with many multidrug-resistant (MDR) isolates. MLST analysis showed
that nine sequence type (ST) patterns were shared, ST40 was the most common (79 isolates) followed by ST19 (26 isolates) and ST26 (24
isolates). PFGE permitted the resolution of Xbal macrorestriction fragments of all the isolates, displaying the high similarity. Three clusters
and 31 PFGE patterns were generated by PFGE analysis. Our results indicated that Salmonella spp. isolates from eight slaughterhouses were
phenotypically and genetically homologous. These data could be used for further evolutionary analyses.

Keywords: Salmonella spp., antimicrobial resistance, pulsed-field gel electrophoresis, multi-locus sequence analysis

Cin’in Shandong Eyaletinde Domuz Mezbahasindan izole Edilen

owv e

Salmonella spp/nin Molekiiler Tiplendirilmesi ve ila¢ Direncliligi Analizi

Ozet

Cin'in Shandong Eyaletindeki sekiz kesimhaneden Aralik 2014 ile Ekim 2015 tarihleri arasinda alinan domuz érneklerinde Salmonella enteritisi
icin epidemiyolojik bir calisma yurittldi. Kesimhane drneklerinin %22.2'sinden (142/640) Salmonella spp. tespit edildi. Tum Salmonella
pozitif drnekler serotiplendirme, antimikrobiyal direnglilik testi, degisken alanl jel elektroforez (PFGE) ve multilokus sekans tiplendirmesi
(MLST) ile karakterize edildi. En yaygini Salmonella Derby, Salmonella Typhimurium ve Salmonella Thompson olmak lizere toplam on serotip
tim izolatlarda gozlemlendi. Antimikrobiyal hassaslik testi bircok ¢oklu ilag direnciyle (MDR) birlikte en yiiksek antimikrobiyal direncin
sulfisoxazole (%91.55) karsi oldugunu gosterdi. MLST analizi dokuz sekans tipi (ST) seklinin oldugunu gosterdi. Bu sekans tiplerinden
en yaygini ST40 (79 izolat) daha az olarak ise ST19 (26 izolat) ve ST26 (24 izolat) olarak belirlendi. PFGE yiiksek benzerlik gostererek tim
izolatlarin Xbal makrorestriksiyon parcalarinin rezoliisyonunu sagladi. U¢ kiime ve 31 PFGE sekli PFGE analizi ile tretildi. Elde edilen sonuclar,
sekiz kesimhaneden izole edilen Salmonella spp’nin fenotipik ve genotipik olarak homolog oldugunu gdsterdi. Bu bulgular ileriki analizler
icin kullanilabilir.

Anahtar sézciikler: Salmonella spp., Antimikrobiyal direng, Degisken alanli jel elektroforezi, Multilokus sekans analizi
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INTRODUCTION

Salmonella enteritidis is an important group of bacterial
pathogens which can cause severe foodborne disease in
humans and animals, impacting health and productivity
in worldwide M. In China, an estimated 70% to 80% of
foodbome bacterial outbreaks were caused by Salmonella
spp.”. Pigs have been recognized as one important
reservoir for Salmonella spp.?. It also can be transferred to
humans via pork along the food chain ™. As one of the
largest pork producersand consumption countries in
the world, much more attention to the prevalence of
Salmonella spp. in pork should be paid present in China.

Serotype and bacterial identification are important
parts of outbreak investigation and epidemiological
surveillance of Salmonella spp.®.. Many DNA genotyping
methods can be used to discriminate Salmonella spp.
isolates beyond subspecies level and species, due to
their high discriminative powers ©. Pulse field-gel electro-
phoresis (PFGE) has been considered the “gold standard”
for subtyping of all major foodbome pathogens because
it is highly discriminatory .. However, this method can
be difficult to compare across various laboratories for the
same analysis or even among various runs within the
same laboratory. To overcome these problems, multi-locus
sequence typing (MLST) was developed as an alternative
method for the analysis of bacterial populations. MLST
results are easier to interpret and compare among
laboratories and provide the best inferences of phylo-
genetic relationships . Recent research indicated that
MLST results generally prediction results of serotyping and
that genotyping and serotyping can be complementary
and also provide mutual authentication for Salmonella
identification .

In recent years, the prevalence and characterization
of Salmonella spp. along pork production chain were
reported in many countries which the contamination rate

of Salmonella spp. was 10% to 40% in pig slaughterhouse,
the major serotypes were Salmonella Typhimurium and
Salmonella Derby, and the serovars were diverse %3],

Though much attention has been focused on Salmonella
spp. in pig slaughterhouse, intensive and simultaneous
research regarding the prevalence, serotypes, anti-
microbial resistance, pulsed-field gel electrophoresis
(PFGE) and multi-locus sequence typing (MLST) profiles of
Salmonella spp. was limited, especially in China. Therefore,
the objective of this study was to analyze the distribution,
antimicrobial susceptibility profiles, and molecular
characteristics of Salmonella spp. collected from eight pig
slaughterhouse in Shandong Province, China, to determine
the clonal relationships between isolates and provide
data that can be used for further evolutionary analyses.

MATERIALS and METHODS

Salmonella Strains

The 640 fresh samples including five different production
stages (n = 640), anal swab (n = 80), shower (n = 80),
skinning or scalding (n = 120), removing the intestines (n =
80), cutting (n = 200) and product (n = 80) were collected
from eight pig slaughterhouses (A~H) at different areas in
Shandong Province, China. Pig slaughterhouse included
five critical steps, such as shower, skinning or scalding,
removing the intestines, cutting and product. Within a
production cycle one compartment on five critical steps
was included in the sampling process which was based
upon ten time points for collecting Salmonella spp.
contamination samples as presented (Fig. 1).

For swab samples from slaughterhouse, the pre-
enrichment step was performed by suspending each
sample in 50 mL BPW, and incubating samples at 37°C
for 16 h to 18 h. Then, 0.1 mL of the BPW suspensions
was subcultured in 10 mL subpackaged Rappaport-

Sampling time (no. ):
Pl P2 P3 P4 P5 P6 = P7T P8 P9 P10
Shower Skinning or Removing Cutting Product
Scalding the intestines

Five critical steps of pig slaughterhouse-processing

Fig 1. Graphic presentation of the sampling protocol throughout an pig slaughtering production line including one
compartment at each production stage of f shower, skinning or scalding, removing the intestines, cutting and product
in five China pig slaughtering production line. The numbers (no.) fromP1 to P10 above the white and black arrows are
indicating the ten time points for sampling. white arrows: slaughtered each link of the samples (nos.: P1, P2, P4, P7, P9
and P10); black arrows: slaughtering production line used knives (nos.: P3, P5, P6 and P8))
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Vassiliadis (RV) enrichment broth (Difco, USA) at 42°C
for 24 h. One loopful of each RV broth culture was then
streaked onto xylose lysine tergitol 4 (Difco, USA) agar
plates, which were incubated at 37°C for 24 h to 48 h. One
presumptive Salmonella spp. colony per plate was picked
and biochemically confirmed using an API-20E test kit
(bioMérieux, France). Salmonella spp. positive isolates
were serotyped according to the White-Kauffmann-Le
Minor scheme 14,

Antimicrobial Resistance

Susceptibility of all Salmonella spp. isolates to anti-
microbial agents was evaluated according to Clinical
Laboratory Standards Institute guidelines using the disc
diffusion method on Mueller-Hinton agar . Following 13
antimicrobial agents were tested, including Sulfisoxazole
(SF, 30 pg), Doxycycline (DOX, 30 ug), Tetracycline (TE,
30 ug), Florfenicol (FFC, 5 pg), Ampicillin (AM, 10 ug),
Gentamicin (GM, 10 pg), Spectinomycin (SPT, 10 pg),
Sulfamethoxazole-trimethoprim (SXT, 1.25 and 23.75
1g), Enrofloxacin (ENR, 5 pg), Norfloxacin (NOR, 5 pg),
Polymyxin (PME, 30 pg), Cefotaxime (EFT, 30 ug) and
Amoxicillinpotassium clavulanate (AC, 30 pg). Results were
interpreted using the Clinical and Laboratory Standards
Institute (CLSI, 2013) breakpoints when available E. coli
ATCC 25922 was used as quality control 1'%, Descriptive
statistical analysis of the results of these tests was
accomplished using Epi Info 7.

Pulsed field-gel electrophoresis

PFGE was performed for Salmonella enterica using the
Pulse Net protocol procedures described previously ['7.
In brief, the chromosomal DNA of Salmonella spp. was
digested with 50 U of Xba | (Takara, China) in 37°C water
bath for 3 h. With a Salmonella serotype Braenderup strain
(H9812) digested with Xba | (Takara, China) as the molecular
weight standard, the DNA fragments were separated on
a 0.8% agarose gel in 0.5 x TBE using CHEF-Mapper (Bio-
Rad, USA). The experimental conditions were set up as
follows: the initial and final switch time of 2.16 s and 63.8
s, respectively, an included angle of 120° and a gradient

of 6 V/cm for 19 h at 14°C. The PFGE images were handled
using the Gel Doc software (Bio-Rad, USA) according
to the operation manual. PFGE was repeated twice to
determine reproducibility. For untypable isolates, 50
UM thiourea (Sigma, USA) was added to the 0. 5 X TBE
buffer prior to PFGE run as described by Romling and
Tammler '8, The PFGE results of 142 isolates were
disposed using the BioNumerics version 5.10 with the
uniform marker normalization to record the strip position.
A threshold of 85% homology was set to define clonal
clustering of PFGE types.

Multi-locus Sequence Typing

Multi-locus sequence typing (MLST) method was
performed according to the recommendations of the
Salmonella enterica MLST website (http://mlst.warwick.
ac.uk/mlst/dbs/Senterica). An internal portion of seven
housekeeping genes was amplified by PCR, including
aspartokinase+homoserine dehydrogenase (thrA),
phosphoribosylaminoimidazole carboxylas (purE), alpha
ketoglutarate dehydrogenase (sucA), histidinol dehydro-
genase (hisD), chorismate synthase (aroC), uroporphyrino-
gen Il cosynthase (hemD ), and DNA polymerase Ill beta
subunit (dnaN). DNA Taq premix (Promega, USA) was used
with the amplification procedure: 94°C 5 min; followed
by 30 cycles: 94°C 1 min, 55°C 30 s, 72°C 1min; and a final
extension at 72°C 10 min. The amplification products were
sent for bidirectional sequencing to Takara, China; and
the sequences were analyzed using DNAStar Lasergene
Version 7.1. We submitted the sequences to the UCC
database for their allele and ST assignments.

RESULTS

The 142 out of 640 Salmonella spp. colonies were
confirmed as Salmonella-positive samples. There into, 17
(21.3%) were recovered from anal swab, 13 (16.3%) from
shower, 27 (22.5%) from skinning or scalding, 25 (31.3%)
from removing the intestines, 47 (23.5%) from cutting and
13 (16.3%) from product (Table 1). Ten majority serotypes
were identified in all Salmonella spp. strains. S. Derby was

Table 1. Prevalence data of Salmonella-positive samples by sampling in eight pig slaughterhouses line

No. of Positive Samples (Prevalence in %)
Sample from Production Pig Slaughterhouses
Line A B c E F G H Weighted
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) Mean n (%)

Anal swab 2(20.0) 2(20.0) 3(30.0) 1(10.0) 1(10.0) 2(20.0) 3(30.0) 3(30.0) 17 (21.3)
Shower 1(10.0) 2(20.0) 2(20.0) 1(10.0) 1(10.0) 2(20.0) 2(20.0) 2(20.0) 13(16.3)
Skinning or scalding 4(26.7) 5(33.3) 2(13.3) 3(20.0) 2(13.3) 3(20.0) 4(26.7) 4(26.7) 27 (22.5)
Removing the intestines 3(30.0) 2(20.0) 4 (40.0) 4 (40.0) 3(40.0) 2(20.0) 4 (40.0) 3(30.0) 25(31.3)
Cutting 4(16.0) 6 (24.0) 7 (28.0) 4(16.0) 4(16.0) 5(20.0) 9 (36.0) 8(32.0) 47 (23.5)
Product 2(20.0) 2(20.0) 1(10.0) 1(10.0) 2(20.0) 1(10.0) 2(20.0) 2(20.0) 13(16.3)
Total 16 (20.0) 19 (23.8) 19 (23.8) 14 (17.5) 13(16.3) 15(18.6) 24 (30.0) 22 (27.5) 142 (22.2)
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Table 2. STs and allele profile of isolates

STs | acroC | dnaN | hemD | hisD | purE | SucA | thrE IsNoT;:efs
11 5 2 3 7 6 6 11 1

19 10 7 12 9 5 9 2 26
26 14 13 18 12 5 18 1 24
32 17 18 22 17 5 21 19 1

34 10 19 12 9 5 9 2 7

40 19 20 3 20 5 22 22 79
469 92 107 79 156 64 51 87 1
638 47 98 36 152 | 174 7 171 1
808 10 71 43 12 190 20 18 2

the most serotype (59.2%, 84 of 142) strains. Salmonella
group Salmonella Derby (n = 84), Salmonella Typhimurium
(n = 25), Salmonella Thompson (n = 24), Salmonella Lomita
(n = 2), Salmonella Agona (n = 2), Salmonella Rissen (n = 1),
Salmonella Enteritidis (n = 1), Salmonella Oritamerin (n = 1),
Salmonella Lagos (n = 1) and Salmonella ll6, 7:z6:1,7 (n = 1),
were identified in this study (Fig. 2).

The individual antibiotic resistance profile of each of
the 142 Salmonella spp. isolates was measured. Resistance
to sulfisoxazole was the most prevalent among the
Salmonella strains (130 strains, 91.55%) followed by
doxycycline (118 strains, 83.10%), tetracycline (112 strains,
78.87%), florfenicol (108 strains, 76.06%), ampicillin (86
strains, 60.56%) and gentamicin (74 strains, 52.11%) (Fig.
3). The isolates were not resistant to cefotaxime and
amoxicillinpotassium clavulanate, respectively.

Pulse field-gel electrophoresis (PFGE) generated profiles
of three major genotypic clusters(l- lll) and 31 fingerprint-
patterns with an 80% dice coefficient index cut-off of 12~20
DNA fragment bands (Fig. 4). In this study, the 0031 PFGE
pattern was the most common pattern, which included 24
strains of Salmonella Thompson, followed was 0009 PFGE
pattern, which was composed of twenty-one Salmonella
Derby isolates, and by 0013 PFGE patterns which was
composed of fourteen Salmonella Derby isolates. In this
study, the prevalence and characteristics of Salmonella
spp. isolates are outlined in Table 3. Most patterns were
within a single serotype and a single source, except 0014,
0017 and 0027 PFGE pattern. The 0014 PFGE pattern was

Table 3. Origin and characterization of Salmonella spp. isolated from pig slaughter process

No. of Isolates (n) Serotype Location MLST Pattern PFGE Pattern Prevalence in %

Derby (1) A ST-40 0012

A(16) Derby (14) A ST-40 0013 20.0
Rissen (1) A ST-469 0030
116,7:26:1,7 (1) B ST-638 0004
Derby (3) B ST-40 0017
Typhimurium (1) B ST-34 0019

B2 Typhimurium (1) B ST-19 0026 238
Typhimurium (9) B ST-19 0027
Typhimurium (4) B ST-19 0029
Lomita (1) C ST-808 0001
Lomita (1) C ST-808 0002
Derby (1) C ST-40 0008

C(19) Derby (12) C ST-40 0011 23.8
Derby (1) C ST-40 0014
Derby (1) C ST-40 0022
Typhimurium (2) C ST-19 0024
Enteritidis (1) D ST-11 0003
Derby (3) D ST-40 0014
Derby (1) D ST-40 0015

D (14) Derby (3) D ST-40 0017 17.5
Typhimurium (1) D ST-34 0018
Typhimurium (3) D ST-19 0027
Agona (2) D ST-19 0028
Oritamerin (1) E ST-32 0005
Derby (2) E ST-40 0006
Derby (2) E ST-34 0020

=2 Derby (3) E ST-34 0021 ez
Typhimurium (4) E ST-19 0023
Lagos (1) E ST-19 0025
Derby (7) F ST-40 0007

F(15) Derby (5) F ST-40 0010 18.6
Derby (3) F ST-40 0016

G(24) Thompson (24) G ST-26 0031 30.0
Derby (21) H ST-40 0009

g2 Derby (1) H ST-40 0014 2
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composed of five Salmonella Derby isolates. All recovered
from various processing steps at three slaughterhouses,
which were C (1), D (3) and H (1); The 0017 PFGE pattern was
found to be composed of six Salmonella Derby, which were
from B (3) and D (3) slaughterhouse, Similarly the 0027
PFGE pattern was composed of twelve Salmonella Derby,
which were from two slaughterhouses of B (9) and D (3).

An interlinked dataset with partial sequencing of seven
housekeeping genes at 399 bp to 501 bp revealed that 9 STs
among the 142 isolates were found. 4 STs were represented
a single isolates, and the others were represented more
than one isolates (n=2 to 79). The predominant STs was
ST40, ST19 and ST26, which contained 79 strains (55.6%),
26 strains (18.3%) and 24 (16.9%) strains isolates (Table
3). Most of Salmonella-positive isolates were assigned to
ST40 in the dedicated database (http://mlist.ucc.ie/mlst/
dbs/Senterica). The isolates possessed identical alleles
at all seven loci; aroC allele type19, dnaN allele type20,
hemD allele type 3, hisD allele type 20, purE allele type 5,
sucA allele type 22, and thrE allele type 22 (Table 3). The
reproducibility of PFGE and MLST showed that all isolates
were consistent with before testing.

Salmonella spp. strains characterized as the same STs
did not necessarily have the same PFGE pattern. 79 strains
characterized as ST40 had 13 different PFGE patterns,
the 26 strains characterized as ST19 had 7 different PFGE
patterns (Fig. 4). All strains which shared a PFGE pattern
had the same ST. Salmonella spp. strains which shared a
PFGE fingerprint-pattern had the same ST (Fig. 4). Within
clonal lineage 79 all Salmonella Derby isolates were of an
identical MLST type (ST40) and revealed closely related
PFGE patterns. The results showed that the character of
Salmonella spp. strains in more detail, most STs were within
a single serotype (Table 2). ST40 distributed in seven
slaughterhouses, except G slaughterhouse.

DISCUSSION

In the study, the overall prevalence of Salmonella
spp. in pig slaughterhouse in Shandong Province was
approximately 22.2%. For the slaughterhouse, the prevalence
was significantly higher than that reported in Jiangsu
Province, China (14.1%) "%, in Sichuan Province, China
(10.7%) B, and in Thailand (7.22%) "%, but it was lower than
that reported in Jiangsu Province, China (71.8%) 13l

Although different methods of sampling, isolation,
and identification could affect the overall results, the
prevalence of Salmonella spp. observed in this study
suggested that pig slaughterhouse examined exercised
poor hygiene management. Meanwhile, the critical
five steps of pig slaughterhouse, cutting is of the highest
infection rates. We can focus on purification the step of
cutting in pig slaughterhouse, to prevent the spread of
salmonella food chain downstream.

We analyzed 142 Salmonella spp. samples to determine
diversity within a strain (Fig. 4). Two samples contained
isolates with identical properties, suggesting they were
the same strain, while the majority of the samples contained
isolates belonging to the same sequence type but differing
by one or more of the phenotypic or genetic properties
tested, indicating that they were variants of the same
clone. Most common variations were non-expression
of the H antigen, variation in PFGE patterns. Thirty-one
unique PFGE patterns were generated. All of the patterns
were correlated with one serotype. The reason could
also explain the arrangement position of PFGE and the
genetically similar profiles '8, Others have previously
demonstrated PFGE pattern diversity within a sero-
type 2922, but such diversity is a critical observation
that is often overlooked. The diversity of PFGE pattern
may explain why morbidity and mortality vary within a
serotype and could be useful in assessing the effectiveness
of control measures.

78 Salmonella spp. strains from seven slaughterhouses
(A, B, C, D, E, F and H) in Shandong Province and two
strains from Shanghai in group lIl displayed the same PFGE
patterns and the same STs, which suggested they have a
close genetic relationship. In view of the law, we should be
paid to avoid further dissemination of Salmonella Derby,
which has appeared in some areas 13,

In this study, the most tested isolates of Salmonella
spp. isolates were assigned to MLST 40, according to the
MLST database analysis. In previous studies using the same
database ®2+26, MLST was highly correlated to Salmonella
serotype. The study targeting seven different housekeeping
and virulence genes found that MLST was not able to
discriminate clinically relevant serotypes of Salmonella @,
The limited discriminatory ability of STs may be resulted
from the moderate to slow rate of mutation accumulation
within seven targeted housekeeping genes . Therefore,
the discriminatory performance of MLST needs to be
increased if more variable gene targets are examined.
Meanwhile, the reproducibility of the PFGE and MLST
showed that all isolates were consistent with before
testing. This showed that PFGE and MLST were the best
method of DNA genotyping methods.

Antimicrobial resistance in Salmonella spp. has become
a significant public health concern. The presence of anti-
microbial-resistant pathogens in food and food products
could enable the bacteria to spread via the food chain to
humans, causing infections 27, Our results indicated that
all the Salmonella spp. isolates were resistant to at least one
antimicrobial agent, with high levels of drug resistance
in all eight pig slaughter process examined. This was
somewhat expected because of its wide use in animal feed
and was consistent with reports from slaughterhouses in
China, Italy, Mexico, Vietnam, and the United States 12132831,
In the study, the highest rates of antimicrobial resistance
were against sulfisoxazole (91.55%), which is one of the
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most widely used antimicrobials in feed additives in
livestock farming in China and other countries. Thus, this
result was somewhat expected and agreed with previous
reports from China. MDR Salmonella isolates were frequently
observed among the slaughterhouse and retail market
isolates in this study. This was posing great risk to public
health if these MDR strains were transferred to humans via
pork or pork-derived products B

In addition, Salmonella Derby was the primary serotype
in H and F slaughterhouse, and in G slaughterhouse the
main serotype is Salmonella Thompson. The strains from
the slaughterhouse and tools had the different PFGE
patterns as product isolates, except G slaughterhouse
(Table 2). Meanwhile, other slaughterhouse isolates have
several serotype and PFGE pattern. The diversity of these
strains showed that cross contamination among the pig
slaughterhouse. This indicated a ‘pig-slaughtered each
link-product’ transmission circulation for Salmonella spp. in
local area. Previous research has shown that Salmonellosis
outbreak is one of multiple Salmonella serotypes outbreaks
caused by contaminated food 3233, Other study also
indicated that Salmonella spp. had the ‘patient-environment-
food’ transmission circulation B4, So we should purify
salmonella contamination in pork products, from the
source control the spread of Salmonella, put an end
to the spread of salmonella in the crowd. Study results
suggested that Salmonella control programs should reduce
Salmonella spp. loading on carcasses included good practices.

In conclusion, the study attempted to analyze the
various molecular classification of Salmonella contamina-
tion, such as the serotype, PFGE pattern, ST pattern and
drug resistance analysis, to minimize the Salmonella
spp. contamination in pig slaughterhouse. The results of
this study provide PFGE fingerprints of Salmonella spp.
strains in Shandong Province, China and establish a good
foundation for the realization of data sharing, which will
help to realize active surveillance of Salmonellosis and
tracing the source of infection in China.
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Abstract

Newcastle disease (ND) is one of the highly contagious disease responsible for devastating outbreaks and considerable economic losses to poultry
industry in China. However, no information is available about NDV in Tibet region; the aim of this study was to determine the genetic characterization
and evolutionary analysis of NDV in Tibetan chickens. Four NDVs were isolated from an outbreak in Tibetan chickens. The pathogenicity of the isolates was
determined by mean death time (MDT), intracerebral pathogenicity index (ICPI) and amino acid sequencing (112 to 117) of F protein. While the genetic
characterization of F gene was determined by sequencing the isolated NDVs and phylogenetic relationship was established with the help of reference
strains. Pathogenicity experiments revealed that XZ-F10 and XZ-F20 strains were lentogenic pathotype, while the remaining XZ-F2-1 and XZ-F4-6 strains
were velogenic pathotype. The deduced amino acid sequences of the cleavage site of the F protein confirmed our results. Phylogenic analysis of these
strains indicated that both XZ-F2-1 and XZ-F4-6 belong to genotype VII. However, XZ-F10 and XZ-F20 strains were assigned to genotypes II. The present
study highlights the need for continuous surveillance of NDV in Tibetan chickens; moreover, this study will provide a reference for the local government to
make the strategies and control emerging NDV in Tibet.

Keywords: Newcastle disease viruses (NDVs), Fusion protein (F) gene, Molecular characterization, Pathogenicity, Tibetan chickens

Tibet Tavuklarindan izole Edilen Newcastle Hastaligi Viriisiiniin Genetik
Karakterizasyonu ve Kalitsal Analizi

Ozet

Newcatle hastaligi (ND) Cin'de 6nemli salginlara ve ekonomik kayiplara neden olan oldukga bulasici bir hastaliktir. Ancak Tibet bolgesinde NDV'ye ait
bir bulgu bulunmamaktadir. Bu calismanin amaci; Tibet tavuklarinda NDV'nin genetik karakterizasyonunu ve kalitimsal analizi yapmaktir. Meydana gelen
bir salginda Tibet tavuklarindan dért NDV izole edildi. izolatlarin patojenitesi ortalama 6liim zamani (MDT), intraserebral patojenite endeksi (ICPI) ve F
proteininin amino asit sekansi (112'den 117’e kadar) yontemleriyle belirlendi. F geninin genetik karakterizasyonu izole edilen NDV'lerin sekansi ile belirlendi
ve filogenetik akrabalik referans susun yardimiyla ortaya konuldu. Patojenite deneyleri ile XZ-F10 ve XZ-F20 suslarinin lentojenik patotip, geri kalan XZ-F2-
1 ve XZ-F4-6 suslarinin ise velojenik patotip olduklari belirlendi. F proteininin ayrilma bélgesinin amino asit sekansi sonuglarimizi dogruladi. Bu suslarin
filogenetik analizi hem XZ-F2-1 hem de XZ-F4-6 suslarinin genotip Vil'ye ait oldugunu gdsterdi. XZ-F10 ve XZ-F20 suglari genotip II'ye aitti. Bu calisma; Tibet
tavuklarinda NDV igin stirekli takibin gerekli oldugunu ve lokal sorumlular icin kontrol stratejileri gelistirmeleri gerekliligini gostermistir.

Anahtar s6zciikler: Newcastle hastaligi viriisii (NDV), Flizyon protein (F) geni, Molekdiler karakterizasyon, Patojenite, Tibet tavugu

|NTRQDUCT|ON world ™. NDV is the member of genus Avulavirus, family
Paramyxoviridae, with six transcriptional proteins including

Newcastle disease (ND) is one of the most contagious fusion protein, phosphor protein, nucleocapsid protein,
and devastating disease of poultry throughout the haemagglutinin-neuraminidase protein, matrix protein
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and polymerase protein 23, It can cause severe economic
losses to poultry industry, particularly chickens, and affects
a range of other domestic species, including duck, wild
bird, waterfowl and pigeon ¥, The main clinical signs are
diarrhea, expiratory dyspnea, neurological symptoms, cloaca
hemorrhage, focal glandular gastric bleeding or ulcers,
intestinal mucosal bleeding and necrosis of the pancreas
or spleen. The pathotype of NDV isolates are divided
into three groups (lentogenic, mesogenic and velogenic)
based on the intracerebral pathogenicity index (ICPI) and
mean death time (MDT) ¥. Currently, basic amino acid
sequence (from 112 to 117) of the fusion protein is used
for classifying the virulence of NDV strains.

The Tibetan chickens have a very wide distribution at an
altitude of 2.200 to 4.100 m on the Qinghai-Tibet Plateau,
with a history of domestication of more than 1.000 year
at high altitude 7, Under special breeding conditions,
this specie has been famous for disease resistance, easy
breeding and increasingly vigorous market demand with
high-quality meat production. This breed is of great
economical importance to local herdsman, as the meat of
Tibetan chickens is rich in protein, with a tender texture,
and high content of amino acids®. In recent years, NDV has
been reported with large-scale outbreaks and considerable
economical losses to poultry industry in many provinces of
China ®. Until now, no information is available about the
genetic characterization of NDV in Tibetan chickens. The
present study reports the characterization of NDV isolates
from the Tibetan chickens in Tibet.

MATERIAL and METHODS

Ethical Approval

All the experiments were approved by Animal Welfare
and Research, Ethics Committee of Huazhong agricultural

university and performed in accordance with the inter-
national guidelines for animal welfare.

The Study Site

The present study was carried out in Nyingchi
Prefecture on Qinghai-Tibetan Plateau, China. This area is
geographically isolated from Tibet and Sichuan Provinces by
Himalayas, and shares border with Nepal in the south-west,
and India and Myanmar in the south. The average elevation
of the surveyed area is more than 3100 m above sea level,
the largest continuous high elevation ecosystem (Fig. 1).

Virus Isolation and Pathogenicity Test

Four NDVs were isolated from a flock of Tibetan chickens
during an outbreak in Tibet, China and virus separation
was carried out according to the guidelines provided
by the World Organization for Animal Health . Briefly,
homogenized and clarified organ suspensions were made
with streptomycin/penicillin in viral transportation media
(VTM) overnight at 4°C and 0.2 mL suspensions were
inoculated into the allantoic cavity of 9 to 11 day old specific
pathogen free (SPF) chicken embryos, and incubated at
37°C for 72 h 4, Allantoic fluid was harvested and the
NDV was tested using haemagglutination inhibition
(HI) and haemagglutination (HA) tests. The strains were
designated names as XZ-F10, XZ-F20, XZ-F2-1 and XZ-
F4-6. LaSota strain was used as a positive control in this
study. The positive allantoic fluids were stored at -80°C
until subsequent use and further analysis. The pathogenic
potential for the isolates were evaluated by mean death
time (MDT) using 10-days-old SPF embryonated chicken
eggs and intracerebral pathogenicity index (ICPI) test
using 1-day-old SPF chicks using standard procedures .

Viral RNA Purification, RT-PCR, and Sequencing
of the F Gene

Viral RNA of the four isolated

r Gongbo' gyamda

Nyingchi
o O]

Mainling
o

Nyingchi
(The study site)

strains was extracted using TIANamp
Virus DNA/RNA Kit (TianGen, China).
Reverse transcription PCR amplification
approach was performed using Quant
One Step RT-PCR Kit (Tian Gen, China)
with primers for the F gene (~1662bp).
N Based on the published F gene sequences
in the GenBank database, we designed
a pair of primers with the help of
S Primer Premier Software (version 5.0)
and synthesized by Wuhan Qingke bio-
technology CO., LTD (Wuhan, China).
The primer forward: ATGGGCTCCAGAC
CTTCTACCA and reverse CATTTTTGT
AGT GGCTCTCATCTGAT was used and
commercial RT-PCR Kit (TianGen, China)

Fig 1. Collection sites of samples in Nyingchi, Tibet China

was used for reverse transcription. The
RT-PCR mixture contained 14.2 uL RNase-
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free water, 5 uL AMV Buffer, 0.5 uL dNTP, 0.8 uL MgSO,,
0.5 pL Tfl DNA Polymerase, 2 uL RNA, 1 pL of each forward
and reverse primer (working concentration: 10 uL mol/L)
in a 25 uL reaction. For F gene: denaturation at 95°C for 40
s, and 72°C for 1.5 min of 35 cycles and annealing at 55°C
for 50 s; and final extension at 72°C for 10 min. PCR products
were separated on agarose gel (1%). The products were
purified using a TaKaRa DNA Extraction Kit Ver.4.0 (Takara
Biotechnology CO., LTD, Dalian, China) according to
manufacturer’s instructions, and then sequenced by a
commercial company (Qingke Biosciences, Wuhan, China).

Sequence Analysis of F Protein Cleavage Site

Phylogenetic analysis, amino acid sequence prediction
and nucleotide sequence similarity was performed by the
Clustal W multiple alignment method (MegAlign program
of the DNASTAR software, version 3.3.8) for the F gene
(~1662bp). In addition to the 4 strains collected in this
study, 15 previously reported F gene sequences representing
different genotypes were obtained from GenBank database
including vaccine strains, typically existing in China. The
accession numbers of each of these NDVs are shown in
the phylogenetic tree.

RESULTS

In present study, four NDVs were isolated from Tibetan
chickens on SPF embryonated chicken eggs during
different outbreaks at chicken’s farm from 2012 to 20176.
The details of the NDV isolates are shown in Table 1. As
per classification, the virus of XZ-F10 and XZ-F20 strains
were assigned to lentogenic pathotype, while XZ-F2-1 and
XZ-F4-6 strains were classified as velogenic pathotype.
As it is shown in Table 2, the F protein cleavage site motif
sequence was 112G-R-Q-G-R-L117 in strain XZ-F10 and

XZ-F20, which is the major determinant of lentogenic for
NDV strains and 112R-R-Q-K-R-F117 in strain XZ-F2-1 and
XZ-F4-6, that is considered as the velogenic.

Based on the complete F gene sequences derived
through different years in Tibet, the XZ-F2-1 and XZ-F4-
6 strains isolated in 2012, and XZ-F10 and XZ-F20 strains
isolated in 2015 and 2016 were assigned to genotypes VII
and ll, respectively (Fig. 2).

DISCUSSION

Newcastle disease can lead to high mortality and
morbidity rates, and creates a big potential threat to the
poultry industry in terms of serious economic losses in
China ", In recent years, although many dynamic measures
have been adopted to prevent and control this disease,
however, it is still the major infectious disease, and as a big
potential threat to the chicken industry in China. As a very
wide distribution at altitudes of 2.200 to 4.100 m on the
Qinghai-Tibet Plateau "), no information is available on
the pathogenicity and genetic characterization of NDV in
Tibetan chickens. Fusion (F) protein is the key protein that
measures the NDV pathogenicity and therefore, F gene was
analyzed by different laboratories in recent decades '*',
The virulent strength of NDV can be classified through
basic amino acid sequences from 112 to 117 of F protein [,
As it is shown in table 2, the F protein cleavage site motif
sequence was 112G-R-Q-G-R-L117 in strain XZ-F10 and
XZ-F20, which is the major determinant of lentogenic for
NDV strains 1'%, and 112R-R-Q-K-R-F117 in strains XZ-F2-1
and XZ-F4-6, that is considered as the velogenic "7'8. This
confirms that not only MDT and ICPI can be used to validate
the pathogenicity, but as previous reports, the cleavage
site motifs is also reliable way to predict the pathogenicity
and virulence of NDV strains ¢l

Table 1. The characteristics description of four NDVs isolated from Tibetan Chickens in this study

NDV Isolates Year of Isolation Location MDT ® ICPI< Pathotype
XZ-F10 2015 Tibet >120 0.2 Lentogenic
XZ-F20 2016 Tibet >120 0.2 Lentogenic
XZ-F2-1 2012 Tibet 53 1.62 Velogenic
XZ-F4-6 2012 Tibet 49 1.56 Velogenic
9 Amino acid sequence (112 to 117) of F protein; ® Mean death time in 9-day-old SPF embryonated chicken eggs (hours) (velogenic, <60; mesogenic, 60-90;
lentogenic, >90); < Intracerebral pathogenicity index in 1-day-old chickens (lentogenic, <0.7; mesogenic, 0.7-1.4; velogenic, 1.4-2.0)

Table 2. Fusion protein cleavage site description of NDVs isolated from Tibetan chickens

Fusion Protein Cleavage Site From 112to 117 NDV
109 110 111 112 113 114 115 116 117 118 119 120 Isolates
S G G G R Q G R L [ G A XZ-F10
S G G G R Q G R L I G A XZ-F20
S G G R R Q K R F [ G A XZ-F2-1
S G G R R Q K R F [ G A XZ-F4-6
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Fig 2. Phylogenetic tree constructed by the neighbor joining method using MegAlign software. * =Vaccine strains ‘

The genotype VIl NDVs have become the most prevalent
strains since 1990s in most parts of China "%, Because of
the unique natural environment and high altitude in
Tibet, NDV genotype and distribution is different from
surrounding regions and countries. However, in recent
years, with the continuous enhancement in tourism and
transportation, more and more Tibetan chickens are
exposing to the virus, this is an important reason that
genotype VIl was found in Tibetan chickens in 2012. In the
past two years, genotypes Il NDVs are reported from many
countries including China, from numerous species 2%, We
also found that XZ-F10 and XZ-F20 strains had a close
genetic relationship with LaSota, HB92, SP13, CH.LAH209,
ZJ.2000, Clone 30 and B1 (Accession number: AY845400,
AY225110, AY861659, KM885165, AF534997, Y18898 and
AF309418, respectively) strains that belongs to genotype
Il in terms of F gene analysis. The LaSota, Clone 30 and
B1 were the attenuated strains, NDV attenuated strains
(LaSota, Clone-30 and B1) are still used to make attenuated
vaccine at a large scale in China 22, Qur results revealed
that the NDVs isolated in Tibetan chickens showed a close
phylogenetic relationship and evolutionary distance with
strains of LaSota, Clone 30 and B1. There was significant
similarity between the Tibetan chickens NDV strains and
the current vaccine strains in their serology and genetics,
which might be considered as the reasons for the ND
outbreaks in Tibetan chickens.

In conclusion, we identified two genotypes (Il and VII)
in Tibetan chickens for the first time in our studied strains;
moreover, results provided clear evidence that the non-

standard use of vaccine may be the important reason that
leads to epidemic outbreak of NDV in Tibetan chickens on
Qinghai-Tibet Plateau, China. Furthermore, our study also
highlights the need for continuous surveillance of NDV
in Tibetan chickens, which will provide a reference for the
local government to make the strategies for the control
of emerging NDV in Tibet.
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Ozet

Bu calismada, CRP (C reaktif protein), albumin ve total protein degerleri ve CBC (tam kan sayimi) dlzeyleri kullanilarak, hastanin
sistemik inflamatuar durumunun degerlendirilmesi amaclandi. Bu ¢alismada, gingivitisli 10 ve saglikh 10 olmak lzere toplam 20
kopek kullanildi. Gingivitis tanisi, klinik bulgulara (dis plaklar, dis etinde kizariklik ve 6dem) dayali olarak konuldu. Anamnezde,
kopeklerde beslenme sonrasi agiz bakimi (su igcirme, dis fircalama veya dis sagligi gidasi veya kemirme malzemesi verme) yapilip
yapilmadigi ve hastalarin agizla ilgili sikayetlerinin bulunup bulunmadigi (cigneme guicliigu, asiri salya akisi, agiz kokusu) soruldu.
Fiziksel muayenede beden sicakligi, nabiz ve solunum sayilari saptandi. Submandibular lenf yumrusu muayene edildi. Hasta ve
saghkh her kopekten antikoagulansiz tiiplere 5'er mL kan ve EDTA'll tliplere 2'ser mL kan alindi. Hastalardaki CRP, albumin, total
protein dederleri ve CBC saghkl olgularla karsilastirilarak degerlendirildi. Hastalarda klinik muayene bulgularina gore hafif-orta
derecede gingivitis tanisi konuldu. Hastalarda her yemek sonrasi agiz bakimi ile ilgili hi¢cbir 6zel uygulamanin yapilmadigi, hastalarda
agiz kokusunun bulundugu ve kuru gidalari ¢cignemede gui¢lik cektikleri 6grenildi. Yapilan fiziksel muayenede; hastalarin tamaminda
dis plagi, dis eti kizarikligi ve 6dem ile agiz kokusu belirlendi. Beden sicakligi, solunum ve nabiz sayilari normal sinirlardaydi.
Submandibular lenf yumrulari biylmemisti. Saghkli kopeklerde dis eti ile ilgili bir sorun bulunmamaktaydi. Hafif-orta derecede
gingivitisli ve submandibular lenf yumrusu biiylimemis kopeklerde, CRP, albumin, total protein ve CBC de istatistiksel olarak dnemli
degisiklikler bulunmadi.

Anahtar sézciikler: Albumin, CBC, CRP, Gingivitis, Kbépek, Total protein

Evaluation of Some Systemic Inflammatory Parameters in Dogs with
Gingivitis

Abstract

In this study, it is aimed to evaluate the patient’s systemic inflammatory condition, by estimating CRP, albumin, total protein values
and CBC. These results were compared with inflammatory condition of the gums. In this study, a total of 20 dogs, including 10 dogs
with gingivitis, and 10 healthy dogs, were used. Diagnosis was established based on the clinical findings (dental plaque, redness
and edema in the gum). In history, the owners was asked if any oral care application was performed after each meal (drinking water,
brushing dog’s teeth, eating dental care food or giving chewing material), and if there is any mouth-related complaints (chewing
difficulty, excessive saliva flow and halitosis). On physical examination; body temperature, pulse, and respiration rates were detected,
submandibular lymph node was examined. From each patient and healthy dog, 5 mL blood to the tubes without coagulant, and 2 mL
blood to the tubes with EDTA were taken. CRP, albumin and total protein values, and CBC were evaluated by comparing with those in
healthy ones. Based on the clinical findings, mild-to-moderate gingivitis was diagnosed in patients. It was learned that patients have
difficulty in chewing hard food, have halitosis and no special oral care application was done in patients after each meal, and have dental
plaques. In physical examination, all of the patients have dental plaque, gingival redness and edema and halitosis. Body temperature,
respiratory and pulse rates are within normal limits. There was no adenopathy in submandibular lymph node and no problems with the
gums in healthy dogs. In the dogs with mild-to-moderate gingivitis and with no submandibular lymph node growth, no statistically
significant changes were found in CRP, albumin, total protein values and the CBC.

Keywords: Albumin, CBC, CRP, Dogs, Gingivitis, Total protein
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GIRIS

Gingivitis, periodontitisin bir 6n belirtisi olarak kiguk-
orta boyutlu kdpeklerde orta yaslardan itibaren gériilmeye
baslayan, yasllarda daha sik ortaya ¢ikan dis eti yangisidir.
Bozuklugun ortaya cikisinda beslenme tarzinin 6nemi
fazladir. Kopeklerde beslenme sonrasi agiz bakimiyla ilgili
bazi uygulamalarin ihmal edilmesi hastaligin hazirlayici
faktorlerindendir. Gingivitis dis plagi olusumu ve bélgede
bakteri Giremesi ile baslar, periodontitise ve sistemik yangi-
sal organ bozukluklarina yol acar . Gingivitisli hastalarda
agzin fiziksel muayenesinde fark edilebilecek ilk bulgular
dis plaklarinin olusumu ve hafif dis eti yangisina 6zgu
belirtilerdir. Hastaligin baslangicinda beslenme esnasinda
bazen hafif bir glglik fark edilir. Dis etinde hafif kizariklik
ve duyarlilik artisi ile arada bir fark edilen pis agiz kokusu
ile bazen klinik olarak anlamlandiriimasi miimkiin olmayan
istah azalmasi, durgunluk gibi sistemik bulgular ortaya
¢ikabilir. Gingivitisin siddetlendigi hastalarda huzursuzluk,
agizda agr, asin salya akisi, salyada kan izi, agizda pis
koku, giday! ¢ignemede guclik, dis taslarinin olusumu,
dis etinde siddetli yangisal belirtiler, dis eti kanamasi ve
kanda sistemik yangiy1 yansitan bazi laboratuar bulgulari
ortaya ¢ikar. Ancak bu dénemde bireysel immunolojideki
farkhhk ile sistemik yangidan etkilenen organ cesidi
nedeniyle hastalar arasinda klinik ve sistemik yangiya
iliskin laboratuar bulgularinda farkhliklar ortaya ¢ikar ¢,

Gingivitisli hastalarin klinik tablosu 3 kategoride deger-
lendirilebilir. Bunlardan birincisi; sistemik yangisal para-
metrelerin sik ortaya ¢lkmadigr hafif-orta derecede gingivitis,
ikincisi; sistemik yangisal kan parametrelerinin ytkselmeye
basladigi ve degisik derecede dis tasi olusumuyla da
karakterize siddetli derecede gingivitis ve Uclncisi;
sistemik yanginin laboratuvar bulgularinin belirginlestigi ve
bazen organ bozukluklarinin da saptandigi periodontitis
olarak isimlendirilen hastaliga ait ileri donem klinik
tablodur 9. Gingivitisin baslangicinda hasta sahiplerinden;
kopeklerin son zamanlarda sert ve kuru gidalar dikkatli
¢ignedigi, agzinin bazen pis koktugu ve/veya pis kokulu
ve bazen icinde kan izi bulunan salya akittiklari ve ara sira
kismi istah kaybi gosterdikleri anamnezi alinir. Fiziksel
muayenede baslangicta agizda pis koku, salya birikmesi,
dis etinde kizariklik, ddem, duyarhlik artisi, ileri donemde
kanama ve dis eti cebinde gevseme ve degisik derecede dis
tasl olusumu dikkati ¢eker. Dis tasi olusumunun yogunlugu
ve siddeti gingivitisin siddeti ile dogru orantihdir 5.

Gingivitisli hastalarda olusan yanginin siddetine ve
stresine ve vicudun yanglya karsi verdigi yanita bagli
olarak oncelikle akut faz proteinlerinde olmak Uzere
albumin ve globulin diizeylerinde degisiklikler olur. Ayrica
I6kositer kan hicrelerinde yanginin siddetiyle iligkili
olarak inflamatorik I6kogram olarak isimlendirilen tablo
ortaya cikabilir 7. Vicuttaki yangisal durumlarda kanda
degisikligi fark edilecek ilk parametrenin serum (C-reaktif
protein) CRP diizeyindeki artis olduguna, CRP degisikligi

ile toplam I6kosit ve granilositler arasinda dogru oranti
olmadigina da isaret edilmektedir "% CRP enfeksiyon ve
lokal doku yikimlanmalar gibi cesitli yangisal uyarimlarda
ortaya cikan ve esas olarak karacigerde sentezlenen bir
akut faz proteinidir. CRP olciminiin esas amaci vicuttaki
sistemik yangisal durumu belirlemek ve hastaligin seyrini
yapilacak seri oOlclimlerle izlemektir. LifeAssays® Canine
CRP kiti ile yapilan dlcimlerde saglikli kopeklerdeki
dCRP konsantrasyonu <35 mg/Ldir. Yanginin nedenine
ve siddetine bagli olarak CRP konsantrasyonu 600 mg/
L'nin Uzerine c¢ikabilir. Hafif derecede olan yangilarda ve
lokal enfeksiyonlarda CRP konsantrasyonunda asiri artis
belirlenmeyebilir. Sistemik yangr albuminin katabolizas-
yonunu artirirken, karacigerde albuminin sentezi azalir
ve kan serumu albumin diizeyi diser. Aksine yangisal
globulinlerin Gretimi arttiindan kan serumu total globulin
diizeyi yikselir. inflamatorik l6kogramda lokal yanginin
siddetine, yayginhdina, yanginin siresine ve yangiya karsi
vicudun verdigi seliiler yanita gére degismek Uizere nétro-
fil miktarinda azalma veya artis ortaya cikar. CBC tablo-
sunda nétrofil miktarindaki artisa parelel olarak monosit
miktarinin da arttigi dikkati ¢eker. Yanginin ortaya cikis
nedenine bagl olarak lenfositlerde azalma veya artis ile
eozinofillerde artis belirlenebilir. Hafif veya orta siddetteki
gingivitiste toplam I6kosit sayisinin ve granilositlerin
normal hastalardaki araligin Gst sinirina dogru yikseldigi,
gingivitisin siddetlendigi periodontitisli hastalarda ise bu
degderlerin hizla azalarak normal hiicre araliginin altina
distigi belirlenmistir 7', Bu calismada, gingivitisli
kopeklerde CRP, albumin ve total protein miktarlan ile
CBC degderleri saptanarak hastanin sistemik enflamatuar
durumunun incelenmesi ve sonuglarin dis etinin enflamas-
yon durumu ile karsilastirilmasi amaclandi.

MATERYAL ve METOT

Bu calismada hayvan sahibinin izni ve Ankara Universi-
tesi Hayvan Deneyleri Yerel Etik Kurulu'nun karar numarasi
2015-2-36 ile oluru alinarak gingivitisli 10 ve saglikh 10
olmak Uzere toplam 20 kopek kullanildi. Anamnez ve
fiziksel muayene bulgularina bakilarak hastalarda gingivitis
tanisi konuldu ve hastaligin siddeti klinik bulgular dikkate
alinarak kategorize edildi.

Anamnezde, kdpeklerde beslenme sonrasi agiz bakimi
(su icirme, dis fircalama veya dis saghdi gidasi veya kemirme
malzemesi verme) yapilip yapilmadigi ve hastalarin
agizla ilgili sikayetlerinin bulunup bulunmadigi (cigneme
glclugd, asin salya akisi, agiz kokusu, salyada kan) soruldu.
Fiziksel muayenede beden sicakligi, nabiz ve solunum
sayllar saptandi. Submandibular lenf yumrusu muayene
edildi. Hasta ve saglikli her kdpekten antikoagulansiz
tlplere 5'er mL kan ve EDTA'll tiiplere 2'ser mL kan alind.
Hastalardaki CRP LifeAssays® Canine CRP kiti ile, otomatik
cihazla, Random Access XL-600 klinik biyokimya oto-
analizord, Erba Turkiye kiti kullanilarak albumin, total protein
degerleri ve Bouble Exigo Vet Hematology Analyse pr
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1504215, s 52285 cihazi kullanilarak CBC otomatik kan
sayimi cihazi kullanilarak belirlendi.

Onemlilik testlerine gecilmeden énce tiim veriler para-
metrik test varsayimlarindan normallik yoniinden Shapiro-
Wilk, varyanslarin homojenligi yoniinden Levene testi ile
degerlendirildi. Saglkh ve hasta gruplarindan elde edilen
degiskenlerin karsilastinlmasinda student-t testi kullanild.
Tum istatistiksel hesaplamalar minimum %5 hata payi ile
incelendi. SPSS 14.01 paket programindan yararlanildi.

BULGULAR

Bu calismada kullanilan 10 hasta ve 10 saglikli kopegin
kiicik ve orta boy irklardan, orta-ileri yasta ve her iki
cinsiyetten oldugu belirlendi. Anamnezde hasta kdpeklerin
tamaminin hazir ticari kopek mamasi ile beslendikleri,
kopeklere beslenme sonrasi ve beslenme aralarinda agiz
bakimi icin yararli olabilecek bakim ve uygulamalarin
yapilmadigi bilgileri alindi. Képeklerin sert gida yerken
zaman zaman durakladiklari, gidayi cigneyemedikleri, agri
duyduklarina isaret olabilecek ses cikardiklar ve ayaklarini
agzina surdikleri, zaman zaman salya akittiklari ve agiz-
larindan bazen koti koku geldigi bilgisi alindi.

Klinik muayenede hastalarda istah azalmasi ve durgun-
lugun seyrek ve anlik olarak ortaya ¢ikmasi, beslenme
sirasindaki agn ve gii¢ ¢cigneme sikayetlerinin her zaman
gorilmemesi ve asir siddette olmamasi, dis etinde hafif-
orta siddette kizariklik, 6dem ve hafif dis plaklarinin
varligi ve ara sira kot agiz kokusu bulgular dikkate
alinarak gingivitisli hastanin durumu; hafif-orta siddette
gingivitis olarak tanimlandi. Hastalarda ve saglkh kontrol

Tablo 1. Saglikli ve gingivitisli gruplarin biyokimyasal parametrelerden

CRP, Ig (Tp-Alb), degerleri

Biyokimyasal Parametreler
Gruplar
CRP mg/L | Ig (Total protein-Albumin) (g/dL-g/dL)
Saglkli 24.90+9.29 2.57+0.30
Gingivitisli | 20.50+8.49 2.70+0.37
p 0.283 0.377

Degerler ortalamazxstandart sapma olarak verilmistir. Saglikli ve hasta
gruplarindan elde edilen CRP ve Ig (Tp-Alb), dl¢timleri arasindaki fark
istatistiksel olarak anlamli degildir (P>0.05)

kopeklerde beden sicakhgi, solunum ve nabiz sayilari
normal sinirlardaydi. Submandibular lenf yumrularn buyi-
memisti. Saglikl ve gingivitisli gruplarin CRP, Ig (Tp-Alb),
WBC, lenfosit, monosit, notrofil ve eozinofil degerleri Tablo
1 ve Tablo 2'de sunuldu.

Hafif-orta derecede gingivitisli kopeklerde ve saglikli
kontrol kopeklerde belirlenen degerler incelendiginde;
gingivitisli ve saglikli kopeklerdeki kan serumu CRP
konsantrasyonlari <35 mg/l bulundu (Tablo 1). Gingivitisli
kopeklerdeki kan serumu CRP konsantrasyonu istatistiksel
olarak 6nemli olmasa da saglklh kopeklerdekinden daha
yuksekti. Gingivitisli kopeklerdeki albumin, total protein
ve toplam lokosit, notrofil, monosit, lenfosit ve eozinofil
degerlerinde saglikli kopeklerden elde edilen degerlerle
karsilastinldiginda istatistiksel olarak onemli degisiklikler
ortaya ¢ikmadi.

TARTISMA ve SONUC

Gingivitise kuclk-orta boyutlu irklarda orta yasli-yasli
hayvanlarda sik rastlanir. Beslenme aliskanliklar periodontal
hastaliklarin olusmasindan sorumludur ve genel olarak
yumusak besinlerle beslenme hastaligin olusma olasiligini
artinir. Beslenme sonrasi agiz bakimini saglayacak uygula-
malarin yapilmamasi periodontal bozukluk riskini artirir.
Bazi bakteriler direk veya indirek olarak periodontal hasta-
liklarin etiyolojisinde rol oynar >3 Calismadaki hasta
kopeklerin orta yash ve yash katagorisinden ve kugiik-
orta boyutlu irktan olmasi, beslenmeler sonrasi agiz
bakimi uygulanmamasi yukarida belirtilen klasik literatir
bulgularnyla uyumludur.

Agiz icindeki dokularin diyet ve salya ile temas siiresi,
dokulardaki kan dolasimi ve dokularin immiinolojik
ozellikleri ortam pH'ini ve mikroorganizma florasini etkiler
ve diste once plak olusur '4, Baslangicta yiizlek ve hafif
derecede, sonra derin dokularda ve siddetli derecede dis
eti yangisi ortaya c¢ikar. Hastalarda bireye gore degisen
surelerde 6nce yakin dokularda sonra uzak organlarda
akut veya kronik yangisal reaksiyonlar ve dejeneratif
bozukluklar ortaya cikar ">'%, Bu arastirmadaki 10 kopekte
dis plagi ve dis etinde hafif-orta siddette yangi belirtileri
bulgular yukaridaki arastirmalarda belirtildigi tGzere peri-
odontitisin baslangicinda rastlanan lokal yangiya isaret
bulgulardi. Hastalarda ¢igneme gucliigt, agiz kokusu, diste

Tablo 2. Saglikli ve gingivitisli gruplarin hematolojik bulgularindan WBC (I6kosit), lenfosit, monosit, ndtrofil ve eozinofil degerleri

Gruplar Hematolojik Parametreler
WBC (Lokosit) 10°/L Lenfosit 10°/L Monosit 10°/L Notrofil 10°/L Eozinofil 10°/L
Saglikli 10.47+3.94 2.86+1.26 0.89+0.40 1.47+1.33 5.25+2.13
Gingivitisli 12.13+£2.69 3.35+1.47 0.99+0.30 1.39+1.03 6.40+1.61
P 0.285 0.434 0.536 0.190 0.882
Degerler ortalamazstandart sapma olarak verilmistir. Saglkli ve hasta gruplarindan elde edilen WBC, lenfosit, monosit, nétrofil, eozonofil élgciimleri
arasindaki fark istatistiksel olarak anlamli degildir (P>0.05)
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plak olusumu, yanginin siddetiyle dogru orantili olarak
dis etinde kizariklik, sislik ve duyarhlik artisi, agizdan salya
akmasi ve dis etinde kanamaya egilim ve dis tasi olusumu
bulgularindan 1718 blyik kismi ¢alisgmadaki tiim hasta
kopeklerde ortaya ciktl. Agiz icinde yangisal reaksiyonun
ciddiyetinin gostergesi olan mandibular lenf yumrusu
blylimesine ' calismadaki olgularda rastlanmadi.

Gingivitisli hastalarda olusan yanginin siddetine ve
suresine ve viicudun yangiya karsi verdigi yanita bagl
olarak CRP'de ortaya c¢ikan ve sistemik yangiya 2021
isaret eden degisikligin bu 10 kdpekteki kan tablosunda
istatistiksel olarak 6nemli ¢ckmamasi yanginin lokal olusuna,
yangisal reaksiyonun siddetinin hafif olmasina ve metastazik
yangisal durumlarin ortaya ¢tkmamasina baglandi. CRP'nin
gingivitisli kopeklerde kanin alindigi dénemde <35 mg/L
olarak belirlenmesi hastalarda sistemik yangisal durumun
gelismedigini gosterdi.

Gingivitisli hastalarda sisteme yansimayan yangisal
durumlarda albumin ve globulin diizeylerinin ®° normal
sinirlarda bulunmasi bu arastirmadaki bulguyla uyumluydu.
Ayni sekilde lokal yanginin siddetine, yayginligina, yanginin
slresine ve yangiya karsi viicudun verdigi seliiler yanita
gore degisecegi belirtilen nétrofil, lenfosit, monosit, toplam
I6kosit ve eozinofil sayilarindaki degisikliklere 722 bu calis-
madaki hasta kopeklerde rastlanmamasi lokal gingivitisin
hafif-orta siddette olmasina ve sistemik hiicresel reaksiyona
yol acamamasina baglandi.

Hafif-orta siddette gingivitisli ve submandibular lenf
yumrusu blylimemis kopeklerden elde edilen verilerin
saglikli kopeklerden elde edilen verilerle karsilastirmasinda;
CRP, albumin, toplam protein, toplam I6kosit, notrofil,
monosit, lenfosit ve eozinofil dederlerinde istatistiksel olarak
onemli degisiklikler ortaya ¢itkmadigi belirlenmistir. Bu
degerler temel alindiginda, hafif-orta siddette gingivitisi
bulunan kopeklerde dis etinde bu siddetteki bir yanginin
sistemik yangisal bir uyarima neden olmadigi sonucuna
varilmistir.
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Abstract

In this study, the effects of oregano essential oil, on performance, some blood parameters, the antioxidant metabolism such as lipid oxidation
(LPO) and glutathione (GSH) levels with superoxide dismutase (SOD) and catalase (CAT) enzyme activities in the liver and the Musculus
longissimus dorsi (meat) tissue were investigated. The study consisted of three groups; the control group fed a basal ration, the OEO1 group
fed a basal ration added 200 mg/kg Orego-Stim and the OEO2 group fed a basal lamb ration added 400 mg/kg Orego-Stim. The groups
did not differ for performance parameters. In groups control and OEO2, serum calcium and potassium levels were significantly higher than
the group of OEO1 (P<0.05). However, the serum magnesium level were significantly higher in OEO1 group (P<0.05). While there are no
meaningful changes on superoxide dismutase activity, LPO and GSH rates with CAT activity had significant changes in liver tissue (P<0.05).
LPO and GSH levels with SOD and CAT enzyme activities were significantly affected in M. longissimus dorsi tissue (P<0.05). As a result, while
oregano essential oil did not affect the performance parameters and lipid profile, it significantly affected the antioxidant metabolism
in meat and liver tissues.

Keywords: Oregano essential oil, Lamb, Performance, Antioxidant enzyme, Liver, Meat

Kuzu Rasyonuna ilave Edilen Kekik Yaginin Performans, Bazi Kan
Parametreleri ile Et ve Karaciger Dokularinda Antioksidan

Metabolizma Uzerine Etkisi

Ozet

Bu calismada kekik yaginin performans ve bazi kan parametreleri ile karaciger ve Musculus longissimus dorsi dokularinda lipid
oksidasyon (LPO) ve glutatyon (GSH) oranlari ile stuperoksit dismutaz (SOD) ve katalaz (CAT) enzim aktivitelerinin antioksidan
metabolizma Uzerine etkileri arastinlmistir. Calisma U¢ grup halinde yuratulmastar. Gruplandirma ise bazal rasyon verilen kontrol
grubu, bazal rasyona ilave olarak 200 mg/kg Orego-Stim verilen OEO1 grubu ve bazal rasyona ilave olarak 400 mg/kg Orego-Stim
verilen OEO2 grubu seklinde yapilmistir. Gruplarin performans parametreleri arasinda fark bulunmamistir. Kontrol ve OEO2 gruplarinin
serum kalsiyum ve potasyum seviyeleri OEO1 grubuna gére yiiksek bulunmustur (P<0.05). Ancak serum magnezyum seviyesi OEO1
grubunda daha yiksek oldugu tespit edilmistir (P<0.05). Karaciger dokusunda slperoksit dismutaz aktivitesine dnemli bir etkisi
olmazken, LPO ve GSH oranlari ile CAT aktivitesini 6nemli olarak degistirmistir (P<0.05). M. longissimus dorsi dokusunda LPO ve GSH
oranlari ile SOD ve CAT enzim aktivitelerinin 6nemli oranda etkilendigi belirlenmistir (P<0.05). Sonug olarak kekik yaginin performans
parametreleri ve lipid profilini etkilemedigi, karaciger ve kas dokularinda antioksidan metabolizma lGzerine 6nemli etkilerinin oldugu
tespit edilmistir.

Anahtar sézciikler: Kekik yadi, Kuzu, Performans, Antioksidan enzim, Karaciger, Et
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INTRODUCTION

Feed additives are used to ensure healthy growth and
increase the yield and quality of animals. Therefore, for
many years antibiotics have been used as feed additives.
However, the use of these substances as feed additives
bearing a risk to human health due to the development
of resistance in microorganisms against antibiotics. That is
why, the practice of using vitamins and plant extracts as
feed additives has started to become commonplace '3,
Plant extracts are shown to stimulate the secretion of
enzymes in the digestive system and regulate the microbial
eco-system the effect on the performance of animals ®.
Already, plant extracts are used commonly in the
pharmaceutical, cosmetics, perfumery, and food sectors,
owing to their various biological effects. Both thyme itself
and its extracts (thyme essential oil) contain substances
that induce more than 60 effects, such as antiseptic,
antioxidant, antimicrobial and aroma-regulating effects.
It has been reported that thyme contains phenols, thymol
(68.1%), carvacrol (3.5%), monoterpene hydrocarbons,
p-cymene (11.2%) and y-terpinene (4.8%) ©..

The free radicals occur as a result of metabolic activities
and they generate oxidative stress and create damage
to cells. Conversely, cells have several mechanisms that
are capable of repairing harmful effects or are capable of
preventing the effects harmful effects of reactive oxygen
species (ROS). By the enzymes as primarily [SOD, CAT,
myeloperoxidase (MPx), glutathione S-transferase (GST),
glutathione reductase (GR) and glutathione peroxidase
(GPx)] and by secondary antioxidant vitamins, GSH, plant
extracts and many macro and micro molecules have
reduced the formed damage by free radicals and is kept low
and the specific concentrations of free radicals in cells .,

The antioxidant substances in the composition of
oregano were determined in the laboratory analysis .
These substances explain the effect on the living organisms
given to animals and full disclosure of the antioxidant
metabolism in cells. Unal and Kocabagli ® reported that,
dietary supplementation of oregano to lambs’ ration
had no effects on performance parameters. Information
related to oregano growth promoting effects when added
to sheep diets is scarce .,

In this study, the effect of Orego-Stim was determined
on the performance and some blood parameters in the
ruminants to the determined details of the effect on the
antioxidant metabolism through LPO and GSH rates with
SOD and CAT activities in the meat and liver tissue.

MATERIAL and METHODS

Animals, Experimental Design and Feed

The study was conducted at the Animal Husbandry
Research and Application Unit of Atatlirk University, Faculty

of Veterinary Medicine. 24 male Akkaraman lambs (which
were weaned when they were 3 months old on average)
were divided to 3 groups as control and two treatment
(OEO1 and OEO2) groups, each consisting of four replicates
of eight lambs. The lambs two animals were allocated to
each compartment measuring 280x200x120 cm. This
study was approved by the ethic committee of Faculty of
Veterinary Medicine in Ataturk University [Decision No:
2010/700 (Decision No: 2006/5g)].

In this study the control group was fed a basal lamb
diet, the OEO1 group was fed a basal lamb diet + 200 mg/
kg Orego-Stim and the OEO2 group was fed a basal lamb
diet + 400 mg/kg Orego-Stim (Table 1). The Orego-Stim
was added in place of bran (Orego-Stim was obtained
from Ecopharm Hellas S.A., Kilkis, Greece. Orego-Stim
was contains 5% essential oil of Origanum vulgare subsp.
Hirtum plants and 95% natural feed grade inert carrier).
Concentrate feed was specially produced on a monthly
basis in a factory, in order to prevent the spoiling of
oregano essential oil while it was stored.

The animals were provided with pre-weighed feed,
twice a day at 08:00 am and 05:00 pm. The study lasted
for 70 days (14 days were used as adaptation followed by

Table 1. Composition of lamb diets used in the study, %

Groups
Ingredient
Control OEO1 OEO2
Barley 30 30 30
Corn 20 20 20
Sunflower seed meal 13.33 13.33 13.33
Cotton seed meal 13.2 13.2 13.2
Bran 9.70 9.68 9.66
Corn gluten 5 5 5
DDGS' 5 5 5
Marble powder 2.05 2.05 2.05
Molasses 1.12 1.12 1.12
Salt 0.5 0.5 0.5
Vitamin mineral premix? 0.1 0.1 0.1
Orego-Stim? - 0.02 0.04
Rates of nutrient, %
Crude protein 18.53 18.52 18.51
Crude fibre 12.74 12.74 12.73
Crude ash 7.2 7.2 7.2
Acid detergent fibre 13.67 13.67 13.67
Neutral detergent fibre 27.3 27.3 27.3
" DDGS: Dried Distillers Grains with Solubles; 2 The vitamin & mineral
premix provided the following (per kg): 4.000.000 IU vitamin A, 800.000 IU
vitamin Ds, 5.000 U vitamin E, 400 mg vitamin B;, 2 mg vitamin B, 5.000
mg vitamin PP, 1.000 mg D-pantothenic acid, 20.000 mg choline, 50 mg
Co, 5.400 mg Fe, 185 mg I, 6.900 mg Mn, 800 mg Cu, 6.400 mg Zn, 14 mg
Se; 2Orego-Stim was contains 5% essential oil of Origanum vulgare subsp.
Hirtum plants and 95% natural feed grade inert carrier
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56 days for data collection). The daily amount of roughage
provided to the lambs was 125 g of wheat straw per animal
(the chemical composition of wheat straw on the basis
of dry matter content was as follows: crude protein: 3.1,
crude ash: 6.69, Neutral Detergent Fiber (NDF): 77.45, Acid
Detergent Fiber (ADF): 50.32) Concentrate feed and water
was supplied ad libitum during the trial.

Feed Analysis

The rations fed to the animals were formulated in
accordance with the recommendations of the NRC '@
(Table 1). The raw feed materials used in the study were
crude ash, crude protein, crude oil analysis according to
the Weende Analysis System of AOAC " and if the crude
cellulose according to Crampton and Maynard 2. NDF and
ADF analysis were according to Soest and Robertson '3
with Goering and Van Soest ',

Determination of Performance Parameters

The body weight of the animals was measured at the
beginning of the trial, and on days 14, 28, 42 and 56 (final) in
the morning, before they were given feed. Daily feed intake
was determined by weighing the concentrate remaining
in the feeders prior to morning feeding. As the subgroups
included two animals, individual daily feed intake was
calculated by dividing the daily feed intake values by two.
Feed efficiency was calculated as the proportion of daily
feed intake to daily weight gain (kg/kg).

Collection of Blood, Liver and Muscle Tissues Samples

Blood samples were collected from jugular vein of
the twenty-four animals on the last day of the trial, prior
to morning feeding, for use in biochemical analyses. The
blood samples, collected in volumes of 5 cc into dry tubes
(Becton Dickinson Co. USA),were centrifuged at +4°C and
4.000 rpm for 10 min in a cooled centrifuge (Hettich 38R,
Hettich Zentrifugen, Tuttlingen, Germany). The harvested
serum samples were stored at -80°C until use.

At the end of the study 6 animals were slaughtered
from each group. Longissimus muscle and liver tissues
were homogenised using liquid nitrogen and then stored
at -80°C until the biochemical investigations.

Biochemical Analyses

- Determination of Serum Biochemical Parameters

Serum concentrations of glucose, urea, uric acid,
triglyceride, calcium, phosphorus, magnesium, sodium,
potassium and chlorine and were measured with an
automatic analyzer using commercial test kits (Cobas 8000
Analyzer, Roche).

- Determination of the Lipid Profile
(Thin Layer Chromatography)

Thin layer chromatography was performed using a 20
x 10 cm Silica Gel 60 F254 High Performance Thin Layer

Chromatography (HPTLC) Plate. 1 ml of serum homogenate
or serum was added 1 ml of n-hexane/iso-propanol (2:1
(v/v)) mixture in a tube. After being mixed thoroughly, the
tube content was maintained for 10 min and mixed once
again. This procedure was repeated for a further two times 1",
Subsequently, the tubes were centrifuged at 8.000 rpm for
10 min and the upper phases were loaded onto the HPTLC
plate. The plates were developed in a hexane: diethyl ether:
formic acid (80:20:2 (v/v/v) mixture for 15 cm and then
dried. The spots on the dry plates were made visible by
means of treatment with 3% CuSO, in 8% phosphoric acid
followed by burning on hot plates ¢, The hydrocarbon,
triacylglycerol, steroid and polar lipid parameters were
measured for lipid profile.

- Antioxidant Enzymes

Superoxide dismutase and CAT enzyme activities
and the amounts of GSH and LPO in the tissues were
determined. To prepare the tissue homogenates, the muscle
tissues were ground with liquid nitrogen in a mortar. 0.5
g of tissue was then treated with 4.5 ml of appropriate
buffer (SOD: pH 7.4/0.2mMTris-HCl buffer, CAT: pH 7/50
mM phosphate buffer, GSH: pH 7.4/50mMTris-HCl buffer,
LPO: 10% KCI solution). The mixtures were homogenised
on ice using an ultra-turrax homogeniser for 15 min.
Homogenates were filtered and centrifuged at 4°C.
These supernatants were then used for biochemical
measurements. All biochemical measurements were carried
out using a UV-Vis spectrophotometer.

- SOD Activity

SOD activity was measured according to Sun et al.'”.
SOD estimation was based on the generation of superoxide
radicals produced by xanthine and xanthine oxidase, which
reacts with Nitro Blue Tetrazolium (NBT) to form formazan.
SOD activity was then measured at 560 nm by the degree
of inhibition of this reaction, and was expressed as mmol/
min/mg of tissue.

- CAT Activity

Decomposition of H,0, in the presence of CAT was
followed at 240 nm "8, The CAT activity was defined as the
amount of enzyme required to decompose Tmmol of H,0,
per minute at 25°C at pH 7.8. Results were expressed as
mmol/min/mg of tissue.

- Total GSH

The amount of GSH in the tissues was measured
according to the method described by Sedlak and Lindsay .
The muscles tissues were homogenised in 2 ml of
50mMTris-HCl buffer containing 20mM EDTA, at pH 7.5.
After adding 2 ml ethanol (to precipitate the proteins), the
homogenate was centrifuged at 3.000 g for 40 min at 4°C.
The supernatant was used to determine GSH level using 5,
5'-dithiobis (2-nitrobenzoic acid) (DTNB). The absorbance
was measured at 412 nm. Following the GSH level of the
muscles was expressed as nmol/g tissue.
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- Determination of LPO

The level of LPO in the tissues was determined by
estimating malondialdehyde (MDA) using the thiobarbituric
acid test 2% The muscles were scraped, weighed and
homogenised in 10 mL of 100 g/L KCl. The homogenate
(0.5 mL) was added with a solution containing 0.2 mL of 80
g/L sodium lauryl sulphate, 1.5 mL of 200 g/L acetic acid,
1.5 mL of 8 g/L 2-thiobarbiturate and 0.3 mL of distilled
water. The mixture was incubated at 98°C for 1 h Upon
cooling, 5 mL of n-butanol:pyridine (15:) was added. The
mixture was vortexed for 1 min and centrifuged for 30
min at 4.000 rpm. The absorbance of supernatant was
measured at 532 nm. The standard curve was obtained
using 1,1,3,3-tetramethoxypropane. The recovery rate
was over 99%. The results were expressed as nmol
MDA/g tissue.

Statistical Analysis

Data were analysed using SPSS version 20.00 package
software 2", All values measured were tested with One-
way ANOVA (total). Differences between the groups were
determined by the Duncan Multiple Comparison Test with
the P<0.05 value for significance.

RESULTS

Oregano essential oil had no significant effect on the
performance parameters of the lambs (Table 2). In Table 3,
the serum levels of glucose, urea, uric acid and triglyceride
were similar in all three groups. Furthermore, while serum
phosphorus, sodium and chlorine levels were found to be
similar in all three groups, in group OEO1 serum calcium
and potassium levels were determined to have significantly
decreased, when compared to with groups control and
OEO2 (P<0.05) (Table 3). The serum magnesium levels were
ascertained to have significantly increased in group OEO1
(P<0.05) and to have slightly increased in group OEO2.
The investigation of the lipid profile that, the hydrocarbon,

triacylglycerol, steroid and polar lipid levels of all three
groups were found to be similar (Table 3).

In Table 4, oregano essential oil has a noticeable effect
on the LPO rate in liver and meat tissues. While the LPO rate
of the OEO1 group was significantly lower than the control
and the OEO2 groups (P<0.01), LPO rates were similar in
the control and OEO2 groups in the liver. LPO rates of the
OEO1 and OEO2 groups were significantly lower than the
control group in the Musculus longissimus dorsi (P<0.01).

The effects of oregano essential oil has on the SOD
activity in liver and meat tissues are presented (Table 4).
Oregano essential oil has no determined significant effect
on SOD activity in the liver. However, SOD activity of the
OEO1 group was significantly lower than the control and
OEO2 groups in meat tissue (P<0.01).

In Table 4, the oregano essential oil has given effects on
the CAT activity in the liver and longissimus muscle tissue.
Oregano essential oil has a determined significantly increase
the CAT activity in the liver and the meat tissues (P<0.01).

Oregano essential oil has a determined significant
effect on the GSH rates in the liver and the meat tissues
(Table 4) (P<0.01).

DISCUSSION

Oregano essential oil has positive effects on performance
via the assessment of food in the digestive system.
Approximately 15% of the digested nutrients, converted
to methane and CO, gas in particularly at the end of
microbial digestion in the rumen, can not be used by the
animals. The antimicrobial properties of the oregano oils
modify the rumen metabolism by regulating/developing
microbial activity in the rumen 22, Oregano leaves ! or
extracts ?? supplementation of lamb ration has no known
effects on the performance of animals. It is also reported
that dietary supplementation of oregano oil to lambs’

Table 2. The effects of the oregano essential oil on body weight, feed intake and feed efficiency of the lambs

Groups
Variable Parameters P-value
Control OEO1 OEO2

Initial body weight, kg 34.73+4.45 34.11£3.51 34.58+3.98 0.953

14" day body weight, kg 37.10+5.16 37.91+4.20 38.46+4.82 0.858

28™ day body weight, kg 40.38+5.12 40.08+3.48 39.57+7.34 0.960

42" day body weight, kg 43.20+5.00 43.34+4.30 44.94+4.30 0.728

Final body weight, kg 46.06+4.47 46.75+4.74 48.61+3.86 0.526

Body weight gain, g/day 203+46.83 226+66.08 250+38.75 0.226

Feed intake, g/day 1813 1773 1702 -

Feed efficiency, kg/kg 8.93 7.85 6.81 -
Allvalues are given as mean * standard error of mean (SEM), (n=8); Control: basal ration alone, OEO1: basal ration+200 mg/kg of Orego-Stim, OEO2: basal
ration+400 mg/kg of Orego-Stim
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Table 3. The effects of the oregano essential oil on some serum biochemical parameters the lambs

Groups
Parameters P-value
Control OEO1 OEO02
Glucose, mg/dL 90.00+7.91 81.63+9.27 84.88+10.60 0.213
Urea, mg/dL 42.00+5.95 44.38+5.21 40.75+4.10 0.376
Uric acid, mg/dL 0.15+0.05 0.16+0.09 0.13+0.12 0.707
Triglyceride, mg/dL 23.50+7.50 22.38+6.70 34.50+16.25 0.074
Calcium, mg/dL 11.27+0.35° 10.40+0.98° 11.02+0.50° 0.043
Phosphorus, mg/dL 8.52+0.72 8.49+1.68 8.39+1.11 0.977
Magnesium, mg/dL 2.43+0.22° 2.97+0.54° 2.56+0.30° 0.026
Sodium, mmol/L 147.88+2.03 147.88+1.36 148.13+1.25 0.936
Potassium, mmol/L 4.82+0.22° 4.56+0.14° 4.89+0.252 0.010
Chlorine, mmol/L 107.88+1.81 108.63+2.33 108.38+1.92 0.756
Lipid profile, %
Hydrocarbon 66.06+2.65 66.15+£1.50 65.03+3.15 0.611
Triacylglycerol 3.45+0.52 4.09+1.15 4.44+0.55 0.062
Steroid 14.10£1.16 14.49+2.05 13.59+1.62 0.707
Polar lipid 16.81+2.22 15.61+2.01 17.43£1.01 0.376
ab Different letters in the same column represent a statistical significance between the groups; All values are given as mean + standard error of mean (SEM), (n=8)

Table 4. The effects of the oregano essential oil on LPO and GSH rates with SOD and CAT activities in the liver and M. longissimus dorsi muscle tissues

Groups
Parameters P-value
Control OEO1 OEO02
Liver
LPO, nmol/g tissue 2.669+0.112° 2.089+0.09° 2.646+0.113° 0.003
SOD, mmol/min/mg tissue 0.223+0.005 0.218+0.003 0.222+0.004 0.095
CAT, mmol/min/mg tissue 0.721£0.045¢ 1.337+0.056* 1.083+0.068° 0.005
GSH, nmol/g tissue 0.163+0.002° 0.180+0.004° 0.180+0.004° 0.002
M. longissumus dorsi
LPO, nmol/g tissue 0.263+0.018° 0.197+0.025° 0.220+0.025° 0.004
SOD, mmol/min/mg tissue 0.366+0.018 0.312+0.025° 0.348+0.025 0.003
CAT, mmol/min/mg tissue 1.006+0.207° 1.571+0.0502 1.466+0.050? 0.005
GSH, nmol/g tissue 0.077+0.002° 0.094+0.002° 0.084+0.004° 0.001
All values are given as mean + SEM, (n=6); »%< Different letters in the same column represent a statistical significance between the groups

ration did not affect the performance parameters 23,
In this study, no statistically significant effect was seen,
although a certain improvement revealed daily live
weight gain, feed consumption and feed efficiency
(Table 2). Our findings are in agreement with the previous
literatures ©24,

Unal and Kocabagli ® has also reported that, thyme
essential oil added to lamb rations did not affect the
cholesterol, triglyceride, HDL and LDL ratios of the blood
serum among the groups but changed within the groups
depending on the time. Effects of oregano essential oil on
blood metabolites in lambs have not been investigated

widely. Vakili et al.?% established that thyme essential oil
in the diets of feedlot calves (5 g/day/calf) resulted in
no changes in values of plasma triglyceride. Whereas in
another study it has been reported that, concentrations
of trigycerides can be influenced by oregano essential oil
supplementation via changing of feed intake . In the
present study, while serum glucose, urea, uric acid and
triglyceride levels were found to be similar in all three
groups, in group OEO1 serum Mg levels were determined
to have significantly increased, when compared to with
groups control and OEO2. Also, in group OEO1 serum
calcium and potassium levels were determined to have
significantly decreased.
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Today LPO is accepted as an important indicator of
oxidative stress as well as tissue damages 2%, Many studies
have determined the reduction at a significant level the
lipid oxidation in the tissues, the antioxidants found in the
structure of thyme essential oil @3, In this study, either
dose of oregano essential oil support by information the
literature decrease the LPO rate in meat tissue. However,
while it is similar with the literature information the 200 mg
Orego-Stim is significant level reduced the rate of LPO in
liver tissue, it is interesting that there was no effect on the
rate of LPO of the group that were given 400 mg Orego-
Stim. These results show different the effects antioxidative
of oregano essential oil the rate of LPO in the liver and
meat tissues. The study showed a high rate of LPO in the
liver tissue of group OEO2 that probably can to come
forward from fatty acids in the structure of the oregano
essential oil. Also, more detailed studies are suggested
to obtain more detailed information.

Almost all of the studies made to determine the anti-
oxidant properties of oregano essential oil have been
related to the LPO ratio 233, In order to fully explain the
mechanism the antioxidant effect of oregano essential oil
must determine the rates of LPO and GSH with the SOD
and CAT activities.

SOD enzyme, the first step of antioxidant defense,
plays crucial role on the elimination of superoxide radical.
The enzyme SOD catalyzes the dismutation of superoxide
radicals to oxygen and hydrogen peroxide. Catalase enzyme
constitutes the second step of the defense mechanism
which prevents the accumulation of hydrogen peroxides
and catalyzes the conversion of hydrogen peroxide to
water and molecular oxygen. An increased activity of
any enzyme could be linked with an enhanced substrate
production during the metabolic processes. Therefore,
both SOD and CAT activities inform us both about how
the defense system works and the situation of oxidative
stress (81,

In addition, it has been reported that the SOD activities
are different according to the tissues B4, But stress usually
increases the SOD activity . In the present study the SOD
activity of group OEO1 is lower and it has been shown that
the rate of superoxide radical is less than other groups and
the most effective dose was 200 ppm of oregano oil in the
M. longissimus dorsi. If it is not significant among the groups
of activity SOD in liver tissue is shows different levels of
superoxide radical formation in tissues and activity of SOD
in the liver and M. longissimus dorsi. The free radicals rate
has been known to cause an increase in the rate of free
radicals in favour of the antioxidant balance between free
radicals with antioxidants in the tissues. The rate of the
SOD activity in diabetic rats was reported to be lower than
in healthy animals B,

Antioxidant strategies designed to either inhibit free
radical formation or to scavenge free radicals may provide

protection. An increased activity of any enzyme could
be linked to enhanced substrate production during the
metabolic processes. Indeed, the increased CAT activity
would also suggest that the accumulation of H,0, might be
responsible for an increased LPO following heat stress. One
may consider that the heat stress application increased
the H,0, formation; therefore, increased CAT activity could
discharge these radicals from the medium &, Orageno
essential oil increased significantly the CAT activity in the
liver and meat tissues. These results of the oregano essential
oil have been shown to increase in CAT activity for removed
occurs intensive of hydrogen peroxide radicals in cells.

GSH forms an important part of the antioxidant defence
system and plays an important role for the prevention
of damage of many harmful molecules and compounds.
Glutathione is the substrate of GSH-dependent enzymes
such as GSH-peroxidase and GSH S-transferase. Organisms
use GSH to eliminate hydrogen peroxide and other per-
oxides. These enzymes will not show any activity in the
absence of GSH. Conversely, these enzymes use GSH
against ROS, which leads to a decrease in the amounts
of GSH. Briefly, GSH is a marker used to explain how
the defence system acts directly, and the ROS amount
indirectly. When GSH levels are insufficient, peroxides may
accumulate, therein causing damage. Oregano essential
oil has antioxidant components higher than GSH levels
groups of OEO1 and OEQ2 than the control group remove
free radicals in liver and meat tissue. Glutathione (GSH)
content was higher depending on the amount of essential
oils obtained from plants B3,

As a result, Orego-Stim added as a feed additive in
ration provides a significant effect on the rates of LPO and
GSH with activities of CAT and SOD in M. longissimus dorsi,
while it increased the activity of CAT with the rate of GSH
in liver tissue. Also, the results show the different effect
of different doses on SOD activities in the M. longissimus
dorsi and on the rate of LPO in the liver. On the other hand,
Orego-Stim was determined to have no significant effects
on performance parameters. This study, after determining
in the effect of antioxidants on the metabolism, will find
more efficient and correct use areas, particularly in the food
and pharmaceutical industry. There is a need for studies
on different doses in order to obtain detailed information
about oregano essential oil or derivatives added as a feed
additive in ration.
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Abstract

There is a requirement to develop an novel vaccine to distinguish between vaccinated and infected animals after vaccination. Two mutants
of Brucella melitensis M5-90Abp261 and M5-90Abp262, knockout of the fragments amino acids 55-152 and 22-185 respectively, were
primarily generated. Then the two mutants were inoculated 7 weeks old BALB/c mice with 3.0 x 10° CFU/0.2 mL parent or mutant strains,
Serum samples were evaluated by Rose Bengal plate tests, serum agglutination tests, colloidal gold immunochromatographic strips (ICS)
coated with VirB5 or BP26 and indirect enzyme-linked immunosorbent assays. Spleen tissue samples were used to determine B. melitensis
abundance at 10, 20, 30, and 40 days post-immunization (dpi). The serological results showed that the parent and mutant strains elicited a
weak immunological reaction at 10-30 dpi. Fewer colony forming units (CFUs) were recovered from spleens in mutant strains group than
the parent strain group during 20-40 post-immunization (dpi). The ICS were able to distinguish between the sera from mice immunized with
either a parent or mutant strain of B. melitensis. These results indicate that the two mutants strain of B. melitensis have potentially perspectives
in distinguishing infected animals from vaccination combined with ICS in this study.

Keywords: Brucella melitensis, Distinguish, Vaccine, Colony forming units, ICS

Brucella melitensis M5-90 Mutantlari Temelli Kolloidal Altin
immunokromatografik Serit ile Kombine Brucella Ayirici Asi icin

Yeni Bir Strateji

Ozet

Asi sonrasi asili ve enfekte hayvanlar ayirt edebilecek yeni bir asinin gelistirilmesine ihtiyac vardir. Oncelikli olarak Brucella melitensis'in
iki mutanti, sirastyla 55 ile 152 arasi ve 22 ile 185 arasi amino asitleri ¢ikarilmis olan M5-90Abp261 ve M5-90Abp262, Uretildi. Sonrasinda,
her iki mutant da 7 haftalik BALB/c farelere 3.0 x 10° CFU/0.2 mL miktarinda inokule edildi. Serum 6rnekleri Rose Bengal lam testi, serum
aglutlinasyon testi, VirB5 veya BP26 ile kapli kolloidal altin immunokromatografik serit (ICS) ve indirek enzim bagli immunsorbent assay ile
degerlendirildi. Dalak doku 6rnekleri immunizasyon sonrasi 10, 20, 30 ve 40. glinlerde B. melitensis varligini belirlemek amaciyla kullanildi.
Serolojik sonuglar dogal ve mutant suslarin inokulasyon sonrasi 10-30. glinler arasinda zayif immunolojik reaksiyon olusturdugunu gésterdi.
inokulasyon sonrasi 20-40 giinler arasinda dalaktan mutant suslarin gruplarindan dogal sus grubuna oranla daha az koloni olusturan birim
(CFU) belirlendi. ICS B. melitensis'in dogal ve mutant suclar ile immunize edilmis farelerin serumlarini ayirt edebildi. Elde edilen sonuglar,
her iki B. melitensis mutant susun enfekte hayvanlar ile asilanmis hayvanlarin ayirt edilmesinde ICS ile kullanildiginda basaril olabilecegini
gostermistir.

Anahtar sozciikler: Brucella melitensis, Ayirt etme, Asi, Koloni olusturan birim, ICS
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INTRODUCTION

Brucellosis is a major bacterial zoonosis caused by
members of the Brucella genus M. This infectious disease
occurs worldwide, has resulted in significant economic
losses, and also is a public health concern to humans,
particularly in developing countries . In 2012, the Chinese
Center for Disease Control and Prevention reported
39,515 new cases of human brucellosis, with this number
increasing by 10% each year. Approximately 85% of cases
were caused by Brucella melitensis via direct contact with
infected sheep or goats, or their products B. Vaccination
is considered the most effective strategy for preventing
brucellosis in animals. In China, the B. melitensis M5-90
strain has been widely used as a live attenuated vaccine
for sheep and goats.

Application of the B. melitensis M5-90 vaccine strain is
considered to be an important factor that led to a rapid
decline in the incidence of brucellosis in animals and
humans in China from the 1970s to the 1990s . The vaccine
M5-90 strain has been shown to confer protective effects
against brucellosis . However, it is difficult to distinguish
between vaccinated and infected animals.

Clinical tests have revealed that the whole Brucella
antigen is associated with false-positive results, due to
serological cross-reactivity with other Gram-negative
bacteria ©. Various Brucella-dominant antigens have been
used to increase the specificity of brucellosis diagnoses.
As an example, the BP26 protein of Brucella species is a
periplasmic protein that is highly immunogenic 7. Seco-
Mediavilla and colleagues characterized the antigenicity of
BP26 using a panel of 18 BP26-specific monoclonal anti-
bodies and recombinant fragments of the protein itself ¥,
They found that amino acids 55-152 and 1-191 of BP26
were the immunodominant epitopes of this protein.

Previously, we generated B. melitensis strain M5-
90rbp26, in which BP26 was deleted. This B. melitensis
mutant elicited a weak serological reaction in mice and
sheep P. To develop better candidate vaccines, and to
differentiate infected and vaccinated animals, here we
generated mutants of B. melitensis M5-90 based on BP26
partial fragments, the amino acids 55-152 and 22-185
respectively, and evaluated the immune responses of
the BP261 and BP262 mutants in mice. Additionally, we
sought to develop immunochromatographic strips (ICS)
to discriminate between vaccinated and infected animals.

MATERIAL and METHODS

Bacterial Strains and Culture Conditions

We used B. melitensis strain M5-90 (Xinjiang Tiankang
Animal Biotechnology Co. Ltd., China) as the parental
vaccine strain, while Bacillus subtilis strain BAA12545 was
used for sacB engineering and to screen for mutant strains

by counter-selection. Bacteria were grown on Brucella
agar or Brucella broth (BD Co., Sparks, MD, USA) at 37°C.
To generate the B. melitensis M5-90 mutants, the medium
was supplemented with ampicillin (100 mg/mL). Sucrose
medium was used for sacB counter-selection as previously
described "%, Escherichia coli was used in the generation
of M5-90Abp261 and M5-90Abp262 mutants, with cultures
grown on Luria-Bertani (Difco/Becton Dickinson) plates
or broth overnight at 37°C, with or without ampicillin
(100 mg/L). Brucella cultures were harvested from plates
using phosphate-buffered saline (PBS; pH 7.2) after 3 days.
Based on optical density (OD) readings from a Klett meter
and a standard curve, bacteria were centrifuged (8000 rpm)
and resuspended to a final concentration (ODs4n,m=0.18).
The viability of bacteria was confirmed by serial dilution,
plating, and enumeration.

Generation of BP26 Truncation Mutants

Genomic DNA from B. melitensis M5-90 was used as
a template for the polymerase chain reaction (PCR)
amplification of bp26 fragments. The specific oligo-
nucleotide primers which we used are summarized in
Table 1. Flanking sequences were amplified separately, and
overlap extension PCR "'was used to combine sequences
and generate fragments bp261 (2445 bp including the
DNA fragment encoding amino acids 55-152 of BP26) and
bp262 (2250 bp including the DNA fragment encoding
amino acids 22-185 of BP26). Each fragment was cloned into
the pMD18-T vector (TIAGEN, Beijing, China). Recombinant
plasmids were digested with Sphl and Sacl, and the
resulting fragments were introduced into pGEM-7zf (+)
(Promega, Madison, USA). The sacB gene of B. subtilis was
amplified by PCR and then inserted into pGEM-7zf (+)
containing either fragment to yield pGB261 and pGB262.

The pGB261 and pGB262 vectors were introduced
separately into B. melitensis M5-90 by electroporation
as previously described, with ampicillin-resistant and
sucrose-sensitive integrants selected for "2, Two identified
mutants were designated M5-90Abp261 and M5-90Abp262,
subcultured for 15 generations, and then subjected to
western blotting analysis and various microbiological tests 2.

Bacteriological and Typing Methods

Conventional bacteriological and typing methods were
carried out as described previously by Alton et al.'¥l, Briefly
these includes lysis by Tb, Wb, Iz, and R/C phages;
urease test; CO, requirement; H,S production; growth
on dyes (thionin, basic fuchsin, safranin O) and oxidative
metabolism tests. Then the characteristics of the two
mutants strain were assessed by above methods.

Expression and Purification of BP261 and BP262

The nucleotide sequences encoding the BP261 and
BP262 proteins were cloned into the pET-32a expression
vector to generate pET32a-BP261 and pET32a-BP262,
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Table 1. PCR primers used for the construction and identification of the M5-90Abp261 and M5-90Abp262 mutants

Primer

Primer Sequences (5’-3')

bp261-left flanking-forward

GCATGCTTTCTAAGCGCAGACCTTCGGG (Sph 1)

bp261-left flanking-reverse

GTTCAAATCACCGCCCTGATTCATATCGGGCGAGGCCGTCAT

bp261-right flanking- forward

AATCAGGGCGGTGATTTGAACCT

bp261-left flanking-reverse

GAGCTCTACTGGTGGCATCCCCTTGTTTC (Sac l)

bp262-left flanking-forward

GCATGCTTTCTAAGCGCAGACCTTCGGG (Sph 1)

bp262-left flanking-reverse

AGCGTCGGCAAGCGTCTTAGCGCCGACGAGCATGATT

bp262- left flanking-forward

AAGACGCTTGCCGACGCT

bp262-left flanking-reverse

GAGCTCTACTGGTGGCATCCCCTTGTTTC (Sacl)

sacB-forward

GAGCTCGGGCTGGAAGAAGCAGACCGCTA (Sac)

sacB-reverse

GAGCTCGCTTATTGTTAACTGTTAATTGTCC (Sac )

detecting rbp261/rbp262 -forward

TCCACAATCATGCTCGTCG

detecting rbp261/rbp262 -reverse

GCGTTTTGTATCAGGTGGC

expressing BP261-forword

GAATTCGCCATTCTCAATCTCTCGGTGC (EcoR1)

expressing BP261-reverse

GTCGACAACACCGAGCGTGACGGATTC (Sall)

expressing BP262-forword

GAATTCTTCAGCCTGCCCGCTTTCG (EcoR])

expressing BP262-reverse

GTCGACCGCTTGGCAATGGCATTG (Sall)

respectively. Plasmids were introduced into E. coli strain
BL21, and expression induced with isopropyl B-D-1-
thiogalactopyranoside. BP261 and BP262 contained a
6xHis tag, therefore Ni-NTA column chromatography was
used to purify these proteins from their lysates.

Vaccination of Mice

Female BALB/c mice (7 weeks old) were obtained from
the Xinjiang Center for Disease Prevention and Control
and allowed to acclimate for 3 days prior to vaccination.
Three groups of mice (n = 20 per group) were inoculated
intraperitoneally with 3.0 x 10® CFU/0.2 mL of either
B. melitensis M5-90, M5-90Abp261, or M5-90Abp262 in 200
pL of PBS. The fourth group was injected with 200 pL
of PBS as negative control.

Detection of Inmunoglobin G (IgG)

Peripheral blood samples were collected by tail incision
from five mice which selected randomly in each group at
0, 10, 20, 30, and 40 days post-inoculation (dpi). Serum
samples were tested for Brucella spp. antibodies by Rose
Bengal plate test (RBPT; Qingdao Yebio Bioengineering
Co., Ltd, China) as described previously ™, and using a
serum agglutination test, which has also been described
previously %l Levels of serum IgG titers with specificity
to Brucella melitensis M5-90, M5-90Abp261 and M5-
90Abp262 were determined by indirect enzyme-linked
immunosorbent assay (iELISA) according to manufacturer’s
instructions (RD, Minneapolis, Minnesota, USA). Sub-
sequently the absorbance (450 nm) was recorded using a
microplate reader (Molecular devices, Sunnyvale,CA). Then
the measurement value was obtained through standard

curve which is used to determine the amount in an
unknown sample and the standard curve is generated by
plotting the average OD (450 nm) obtained for each of the
6 standard concentrations on the vertical (Y) axis versus
the corresponding concentration on the horizontal (X) axis.
The actual value of the sample is 5-fold to measurement
value. The sensitivity by this assay is 1.0 pg/mL. The cutoff
value for the assay was calculated as the mean optical
density at a 1:5 dilution. All of these data was analyzed
using SPSS version 17.0 software and the concentration of
IgG titers in serum samples were determined. Meanwhile
the serum samples were tested in duplicates.

Assessment of Brucella Abundance

Five mice from each group in randomly were euthanized
using diethyl ether at 10, 20, 30, and 40 dpi. Spleens were
removed aseptically. Then suspended in 1 mL of sterile PBS
and were homogenized using tissue grinder "¢, Ten-fold
serial dilutions of the tissue homogenates were prepared
in saline, and 100 pL of each dilution was plated on Brucella
agar medium. After 3-5 days of incubation at 37°C, the
Brucella CFUs were counted and the bacterial burden per
spleen was calculated.

Preparation and Evaluation of Colloidal Gold ICS

Colloidal gold ICS were coated with either VirB5 or
BP26, as outlined in our patent [No: 201410405061.6]. For
each test, the ICS was immersed in diluted serum samples
obtained from B. melitensis-infected sheep, and from mice
that immunized with B. melitensis M5-90, M5-90Abp261, or
M5-90Abp262 respectively. In addition, all serum samples
were evaluated by RBPT and serum agglutination tests.
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Ethics

All animals used in our experiment were treated
humanely and in accordance with institutional animal care
guidelines. Our study was approved by the Animal Care
and Use Committee of Shihezi University.

RESULTS

Generation of B. melitensis M5-90Abp261 and
M5-90Abp262

The B. melitensis mutants which we generated
(Table 1) were identified using PCR and the relevant
inserted nucleotide sequences were confirmed by
sequencing analysis (data not shown). The serum samples
collected from mice which immunized with B. melitensis
M5-90 were analyzed by Western blotting. We found
that they reacted strongly with BP261 and BP262,
while serum from mice immunized with either M5-

1 2 3 4 M

45KD

35KD

25KD

Fig 1. The result of Western blot of sera from animals which were
infected with the parent or mutant strains that reacted with BP261 and
BP262 (Lane 1 and Lane 3: The results from sera induced by the M5-90
vaccine strain that reacted with BP261 and BP262 proteins; Lane 2 and
Lane 4: The results from sera induced by the Brucella M5-90Abp261 and
M5-90Abp262 mutants that reacted with BP261 and BP262 proteins.

Lane M: Protein Molecular Weight Marker)

90Abp261 or M5-90Abp262 failed to react with BP261 or
BP262 (Fig.1).

Phenotypic Characterization of Mutants

Microbiological testing indicated that mutants M5-
90Abp261 and M5-90Abp262 were B. melitensis biotype 1.
Growth rates and staining profiles for the mutants were
similar to those of the parental strain.

Serum IgG Profiles

According to our iELISA results, the level of serum
specific 1gG titers in immunized mice ranged from 11.49
to 27.32 pg/mL. However, mice immunized with M5-
90Abp261 or M5-90Abp262, 1gG titers were not significantly
lower than those in mice immunized with M5-90 during
10 - 40 dpi " (Fig. 2).

Residual Virulence of M5-90Abp261 and
M5-90Abp262 Mutants

We compared the levels of viable bacteria recovered
from the spleens of mice immunized with the parent or
mutant strains of B. melitensis. Levels of bacteria in spleen
tissues were slightly lower in mice immunized with the
mutant strains of B. melitensis (M5-90Abp261 and M5-
90Abp262) than mice immunized with the parent strain
(M5-90) (Fig. 3). Bacteria recovered from spleen tissues
proliferated at low levels at 0-10 dpi, peaking at 10-20 dpi
for all three strains we investigated. Levels of bacteria
decreased rapidly between 20 and 40 dpi, approaching
3.93-5.66 log units (Fig. 3).

PBS
B. melitensis M5-90
B3 B. melitensis M5-902bp261

0 B. melitensis M5-902bp262

30- =
* i
— !
* HEMm
L | o
| |
|

N
g

L

e

IgG concentration (ug/mL)

Days post infection

Fig 2. IgG antibody serum profiles at different time spots after
immunization of BALB/c mice with B. melitensis M5-90 mutants
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Fig 3. Replication profiles of B. melitensis M5-90 mutants in mice spleens

Screening Serum Samples with ICS

The colloidal gold ICS coated with VirB5 reacted with
the sera from mice immunized with B. melitensis M5-
90, M5-90Abp261, and M5-90Abp262 at 10 and 30 dpi.
However, ICS coated with BP26 failed to react with the sera
from mice immunized with either the parent or mutant
strains (Fig. 4).

DISCUSSION

In previous studies, researchers have used attenuation or
differential diagnostic markers to interrupt or delete genes
associated with virulence or antigenicity to investigate
novel vaccine strains '®'9. The B. abortus vaccine strain
S19, where bp26 and bmp18 are deleted, is attenuated
and it is possible to differentiate between vaccinated and
naturally infected animals 2. In a separate study, bp26
and/or omp31 were found to be deleted in B. melitensis
vaccine strain Rev.1. These genes encode the BP26 and
OMP31 antigens and allow for serological differentiation
between infected and vaccinated animals ?%. However,
due to a lack of appropriate differential diagnostic
methods and intellectual property issues, a candidate
vaccine for brucellosis utilizing a mutant strain has not
been commercially produced and marketed.

The M5-90 vaccine strain of B. melitensis was derived by
a process that was significantly different from that used to
generate the S79 or Rev.1 vaccine strains. The M5-90 strain
was attenuated through the use of acriflavine and by
consecutive subculturing in chickens and chicken embryo
fibroblasts. B. melitensis M5-90 has been commonly used to
vaccinate sheep and goats in China for at least two decades.
Previously, a series of B. melitensis M5-90 mutants were

1T
A Tl F—ql
= 2

e N -

o O

Fig 4. The result of using immunochromatographic test strips coated
with VirB5 (A) or BP26 (B) protein. A. Lane 1: positive control (serum
from sheep infected with B. melitensis). Lane 2,3,4: positive results
(serum from mice immunized with B. melitensis M5-90, B. melitensis M5-
90Abp261 and B. melitensis M5-90Abp262 respectively pi. 30d). Lane 5,6:
negative results (serum from mice injected with PBS and brucellosis-
free sheep). B. Lane 1: positive control (serum from sheep infected with
B. melitensis). Lane 2: positive result (serum from mice immunized with
B. melitensis M5-90 pi. 30d). Lane 3,4,5,6: negative results (serum from
mice immunized with B. melitensis M5-90Abp261, B. melitensis M5-
90Abp262, PBS and brucellosis-free sheep respectively pi. 30d). T = test
zone, C = control zone

developed where virB2, WboA, and/or pgm were deleted 22,
To identify suitable methods for differential diagnosis,
VirB2, VirB5, BP26, and OMP31 proteins were expressed,
purified and coated onto ICS. Clinical tests revealed that
ICS coated with VirB5, BP26, or OMP31 were specific and
sensitive ., Evaluation of the humoral immune response in
sheep and mice infected with B. melitensis M5-90 mutants
where entire genes had been deleted revealed that only
weak Brucella-specific antibodies were identified. In the
current study, we generated truncated forms of BP26, with
two fragments corresponding to epitopes omitted from
the expressed proteins. However, similar results identified
with the parent M5-90 strain, a weak humoral immune
response was elicited in BALB/c mice immunized with M5-
90Abp261 or M5-90Abp262.

In a previous study, VirB5 was reported to be a
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conserved protein and a serological marker suitable for
brucellosis diagnosis ?%. The use of colloidal gold ICS
to diagnose brucellosis is rapid and convenient 2., The
convective mass transfer of the immunoreactant to the
binding partner allows the assay to be performed with
no reagent handling 2%, An ICS coated with VirB5 and/or
BP26 can used to test serum samples, and allowed us to
differentiate between naturally infected mice and those
immunized with M5-90Abp261 and M5-90Abp262. We
found that the sensitivity of ICS was around two-to-four
fold higher than that for RBPT. Our developed methodology
requires further confirmatory studies in humans and other
animals, but could potentially be used in resource-poor
rural communities.
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Abstract

In this study, it was aimed to investigate the effects of thymoquinone (TQ), which is the bioactive phytochemical constituent of the seeds oil of
Nigella sativa, on somatostatin secretion in the rat pancreatic tissue by immunohistochemical method. Animals (n=30) were divided into 3 groups as
follows: control, sham and thymoquinone. While Thymoquinone group received 8 mg/kg of TQ which injected for 14 days, only isotonic saline was
injected to the sham group for same time. The control group received nothing. Crossman’s triple staining was applied to tissue sections to examine
histology. Streptavidin-Biotin-Peroxidase Complex method was used to investigate somatostatin immunoreactivity in the pancreatic tissue. Specific
somatostatin immunoreactivities were observed in endocrine cells (islets of Langerhans) in all groups. It was determined that somatostatin secretion
increased in the thymoquinone group compared to control and sham. In conclusion, thymoquinone administration was concluded to increase the
secretion of somatostatin that is known to regulate certain hormones such as growth hormone, insulin, glucagon, secretin and gastrin.

Keywords: Imunohistochemistry, Nigella sativa, Pancreas, Thymoquinone

Timokinon Uygulamasinin Ratlarin Pankreas Dokusunda Somatostatin
Salgisi Uzerine Etkileri

Ozet

Bu calismada, Nigella sativa (Corek otu) cekirdeginin biyoaktif fitokimyasal bileseni olan timokinonun (TQ), rat pankreas dokusundaki somatostatin
salgisi Gizerine etkisinin, immunohistokimyasal yontem kullanarak incelenmesi amaclandi. Hayvanlar (n=30) kontrol, sham ve timokinon olmak
lzere U¢ gruba ayrildi. TQ grubuna, 8 mg/kg TQ 14 giin boyunca enjekte edilirken sham grubuna ayni siire sadece serum fizyolojik enjekte edildi.
Kontrol grubuna ise herhangi bir uygulama yapilmadi. Histolojik incelemeler icin doku kesitlerine Crosman’in ti¢li boyama yontemi uygulandi.
Pankreas dokusunda somatostatin immunoreaktivitesini incelemek icin Streptavidin-Biotin-Peroxidase Complex metodu kullanildi. Spesifik
somatostatin immunoreaktivitesi tim gruplarin endokrin hiicrelerinde (langerhans adaciklari) tespit edildi. Somatostatin sekresyonunun kontrol
ve sham gruplari ile karsilastinldiginda thymoquinone grubunda arttigi tespit edildi. Sonug olarak, TQ uygulamasinin, biiylime hormonu, insulin,
glukagon, sekretin, ve gastrin gibi hormonlarin salinimini diizenledigi bilinen somatostatinin salgisini arttirdigi sonucuna varildi.

Anahtar sézciikler: immiinohistokimya, Nigella sativa, Pankreas, Timokinon

INTRODUCTION annual flowering plant in the family Ranunculaceae and is
among the most promising medicinal plants. It is used as

The use of medicinal plants as therapeutics drugs is  a natural remedy in the Southern Europe, Northern Africa,
as old as mankind itself ". Nigella sativa (black seed) is an  Middle East, Saudi Arabia, and Southern and Southwestern
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Asia 2, Black seeds contain carbohydrates, fixed oils,
vitamins, minerals, proteins &, calcium, iron and potassium .,
The bioactive constituents of the volatile oil of black
seeds are thymoquinone (TQ), dithymquinone (DTQ),
thymohydroquinone (THQ) and thymol (THY) B,

TQ has the most important bioactive components and
antioxidant ©), antihistaminic ©, antiinflammatory v,
immunomodulatory ©, anti-microbial ), anti viral U'%,
antihelminthic ", anti-bacterial "%, hepatoprotective '3
and antitumoral @ effects. Furthermore, several studies
have examined the effects of TQ in diabetes, and found
that it decreased levels of insulin and restored glucose
homeostasis 41,

Somatostatin has two biologically active forms that
are referred to as somatostatin-14 and somatostatin-28,
and it was first isolated from ovine hypothalamus "¢, It
can act as a neurotransmitter 7%, It has suppressive effects
on growth hormone in the pituitary '8, glucagon, insulin
and pancreatic polypeptide in the pancreas "', and
secretin and gastrin in the gastrointestinal tract 2%,

In this study, it was aimed to examine the effect of TQ
on the somatostatin positive cells in the pancreatic tissue
of thymoquinone-treated rats.

MATERIAL and METHODS

Animals and Care Condition

Ethics approval was obtained from Kafkas University
Local Ethics Committee for Animal Experiments (KAU-
HADYEK/2015-38).

A total of 30 rats of the same species (Sprague Dawley),
which were 40 days old, weighted approximately 250-300 g.
The animals were not used in any previous studies and did
not mate before. The rats were housed in standard cages at
ambient temperature of 22+2°C and were maintained on
a 12-h light/dark cycle with free access to water and pellet
food. The amount of TQ used in our study was based on
the study conducted by Hawsawi et al.?",

Experimental Design

The rats in the control group (n=10) were fed on standard
ad labitum and normal drinking water. One mL of isotonic
saline was administered intraperitoneally to sham group
(n=10). Eight mg/kg of TQ (274666, ALDRICH), which was
dissolved in 1T mL of isotonic saline, was intraperitoneally
injected daily for 14 days to thymoquinone group (n=10).
The control group received nothing.

End of the experiment, pancreatic tissue samples were
collected under euthanasia after deep ether anesthesia.

Histological Procedures

Pancreatic tissue samples were fixed in 10% formalin

solution for 48 h, dehydrated through graded alcohols and
cleared in xylene. Tissues were infiltrated and embedded
in paraffin. Sections (5 um) from the paraffin blocks were
stained with Crossman’s triple staining.

Immunohistochemical Procedures and
Statistical Analysis

Streptavidin-Biotin-Peroxidase Complex method was
used to investigate somatostatin immunoreactivity in
the pancreatic tissue. Following deparaffinization and re-
hydration, sections were rinsed with Phosphate Buffer
Solution (PBS) and incubated in 3% H,0, (prepared in 0.1
M PBS) for 15 min. After rinsing with PBS, sections were
processed in citrate buffer solution in microwave oven
(800 watt) for 10 min in order to expose the antigenic
sites. After rinsing with PBS again, sections were incubated
in primary somatostatin antibodies (ab183855) (1:1000
dilution ratio) in humid environment at room temperature
for 1 h. After rinsing with PBS, sections were kept at room
temperature for 15 min with added streptavidin-horse
radish peroxidase (HRP) (Invitrogen Histostain plus Broad
Spectrum Ref. 85.9943). Sections were rinsed again with
PBS and 3,3'-Diaminobenzidine tetrahydrochloride (Dako
Corp.) was used for chromogen application. Finally, the
sections were counterstained with Mayer’s hematoxylin.
Negative control sections were incubated only in PBS.

Somatostatin immunoreactivities in tissues were graded
with 40X lens zoom from 0 to +3 (0: no reaction; 1: minimal
reaction, 2: moderate reaction; 3: strong reaction). Cells
were evaluated by two different observers. Intensity of
staining of somatostatin positive cells were determined in
six sections chosen randomly from six islets of Langerhans
of each animals.

Somatostatin positive cells were counted by 100 square
ocular micrometer (eye piece graticule) at 100X magnifi-
cation under Olympus microscope (CX22-type I). All the
obtained data was converted to number of somatostatin
positive cells per 1 mm?2unitarea 222!, Numerical distribution
of somatostatin positive cells were observed in six sections
chosen from six unit area of Langerhans of each animals.

Statistical Package for the Social Sciences 16.0 (SPSS)
software was used. Possible differences were determined
by using One-Way ANOVA and Duncan’s multiple range
test and means were considered significantly different
at P<0.001.

RESULTS

Histological Results

The histological examination of pancreatic tissues in all
groups exhibited normal findings. The obtained pancreatic
tissues contained endocrine (islets of Langerhans) and
exocrine cells (Fig. 1).
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‘ Fig 1. Rat pancreas. (a) Control group, (b) Sham group, (c) Thymoquinone group. Triple staining. Bar = 100 um ‘
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Fig 2. Somatostatin immunoreactivity in rat pancreas in control group. Somatostatin
containing cell (arrow). Streptavidin-Biotin-Peroxidase Complex method. Bar = 100 um
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Fig 3. Somatostatin immunoreactivity in rat pancreas in sham group. Somatostatin containing

cell (arrow). Streptavidin-Biotin-Peroxidase Complex method. Bar = 100 pm

Immunohistochemical Results

Somatostatin expression was observed
only in the endocrine cells (islets of
Langerhans) of all groups. This cells was
abundant especially in the peripheral
areas of islets of Langerhans (Fig. 2, 3, 4).

When all groups compared with each
others regarding intensity of staining
of somatostatin expression in islets of
Langerhans, values of somatostatin
expression in thymoquinone group
was significantly higher (P<0.001) than
control and sham groups. Intensity of
immunohistochemical staining were
summarized in Table 1.

When all the groups were compared
with each others in terms of count of
somatostatin positive cells. Thymoquinone
group were observed more than both
control and sham groups. And numerical
distribution of this cells were determined
statistically significant (P<0.001). Count
of somatostatin positive cells in islets
of Langerhans among groups were
summarized in Table 2.

DISCUSSION

Pharmacological plants are used in
the preparation of herbal medicines,
which are known safer than modern
medicines. N. sativa, which has been used
for many diseases, is one of the famous
pharmacological plants ?4.

Somatostatin is known to regulate
the endocrine system, cell proliferation
and neurotransmission ['”), Somatostatin-
immunoreactive cells among endocrine
cells (islets of Langerhans) in the pancreas
were determined by immunohistochemical
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o It was reported that TQ have cytotoxic
o | effects on several tumoral cells, including
pancreatic adenocarcinoma 7., It was
demonstrated that TQ triggers apoptosis

- 5 o by Bcl-2 protein 28,

e Several studies have been focused
on N. sativa and TQ administration in
} diabetes 2%, A study showed that TQ

4| administration in diabetic rats led to
U .| significant decrease in blood glucose
" levels 29, It was argued that TQ managed
> g to reduce insulin resistance and increase
9 [-cell function ", Due to its anti-tumoral
7ot o and anti-diabetic effects, somatostatin
L acts as a regulator in some diseases.
T A It also suppresses hormone secretion,
<A ‘| growth and proliferation, and triggers
| apoptosis B%,

-

100 pm

Fig 4. Somatostatin immunoreactivity in rat pancreas in thymoquinone group. Somatostatin
containing cell (arrow). Streptavidin-Biotin-Peroxidase Complex method. Bar = 100 um

Somatostatin is a regulatory hormone
for insulin and glucagon, and it inhibits

Table 1. Comparison of intensity ofimmunohistochemical staining in islets
of Langerhans among groups

GOtk (islets :lfuLT:;rhans) Lt RO
Control 360 1.62+0.48° N.S
Sham 360 1.66+0.47° N.S
Thymogquinone 360 2.79+0.40° <0.001

M: mean; SD: standard deviation; *° Different superscripts in the same
column indicate significant differences between groups (P<0.001); N.S: Not
significant

Table 2. Comparison of count of somatostatin positive cells in islets of
Langerhans among groups

Groups Number (unit area) M+SD P Value
Control 360 11.13+3.2° N.S
Sham 360 11.27+4.1° N.S
Thymoquinone 360 12.24+3.6° <0.001

M: mean; SD: standard deviation; *° Different superscripts in the same
column indicate significant differences between groups (P<0.001); N.S: Not
significant

and morphometric studies. It was claimed that somato-
statin-immunoreactive cells were rare among endocrine
cells (islets of Langerhans) in the pancreas and that these cells
were localized especially in the peripheral regions of islets of
Langerhans 2>, Qur study showed that somatostatin-
immunoreactive cells were localized in the peripheral
region of the endocrine parts and TQ administration
increased somatostatin release in the endocrine cells.

The black seed and TQ were determined to have anti-
tumoral and anti-diabetic effects on the pancreatic tissue 2,

insulin and glucagon release from panc-
reatic islets. An immunohistochemical
study showed an increase in the number of somatostatin-
secreting cells in patients with diabetes ", TQ administration
also increased both intensity of staining and count of
somatostatin positive cells in our study. Diabetes is
known as a metabolic disorder and involves an imbalance
between stimulatory (insulin) and inhibitory (glucagon,
somatostatin) pancreatic islet hormones 2. Based on our
findings, it is possible to consider that TQ administration
may be effective in the treatment of some conditions
such as diabetes and tumors by increasing somatostatin
expression in the pancreatic tissue.

In conclusion, somatostatin expression was present in
the pancreatic islets in all groups, somatostatin expression
was observed only in the peripheral region and it was
determined TQ administration increased both intensity of
immunohistochemical staining and numerical distribution
of somatostatin positive cells in this study. Our findings
may be useful for other studies on somatostatin .
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Abstract

The present study was conducted to evaluate the effects of energy sources and levels on microbial population, jejunal morphology, gene expression
of glucose transporter (SGLT1), fatty acid binding protein (FABP) and performance in broilers under heat stress. In a completely randomized design,
600 one-day-old Cobb broiler chickens were assigned to five dietary treatments and four replicates. Chicks were fed diet based on corn as main energy
source and energy level based on Cobb standard considered as control (C), corn based diet with 3% lesser energy than control (T1), corn based diet with
6% lesser energy than control (T2), corn and soybean oil based diet according to Cobb standard (T3), corn and soybean oil based diet with 3% upper
energy than control (T4). Temperature was increased to 34°C for 8 hours daily from day 21 to 41 to induce heat stress. Chickens in T3 and T4 had higher
Lactobacillus population and lower Escherichia coli population than C group (P<0.05). Chickens in T1 and T2 had shorter jejunal villi, deeper crypts, and
lower villus height: crypt depth than those fed C, T3 and T4 diets (P<0.05). There were no significant differences among treatments for gene expression
of both nutrient transporters (P>0.05). Chickens in T3 and T4 had higher weight gain compared to C, T1 and T2 (P<0.05). Feed intake in T3 was lower than
C, consequently, feed conversion ratio of chicks fed T3 was better than C group (P<0.05). In conclusion, replacement a part of dietary energy source with
soybean oil might improve intestinal parameters and performance of broilers under heat stress.

Keywords: Energy, Lipid, Intestinal morphology, Transporter, Broiler

Isi1 Stresi Altinda Enerji Kaynaklari ve Seviyelerinin Sekum Mikrobiyal
Popiilasyonuna, Jejunum Morfolojisine, Jejunal Transporterlerin

(SGLT1, FABP) Gen Ekspresyonuna ve Broiler Performansina Etkileri

Ozet

Bu calisma; enerji kaynaklari ve seviyelerinin isi stresi altinda mikrobiyal poplasyona, jejunum morfolojisine, glukoz transporteri (SGLT1) ve yag asitleri
baglayici protein (FABP) gen ekspresyonlarina ve broiler performansina etkilerini arastirmak amaciyla yuruttilmustir. Rastgele 6rneklemeyle, 600 adet 1
gunliik Cobb broiler civciv, 4 tekrar olmak Gzere 5 farkli beslenme uygulanmasina alindi. Civcivler ana enerji kaynagi olarak misira dayali diyetle beslendi.
Kontrol grubuna (C) bazal seviyede Cobb standardina gore yem verilirken, T1 grubuna kontrole gére %3 daha diistk enerjili yem, T2 grubuna kontrole
gore %6 daha dustik enerjili yem, T3 grubuna Cobb standardina gére misir ve soya fasulyesi yagi tabanli diyet ve T4 grubuna kontrole gore %3 daha
fazla enerjili misir ve soya fasulyesi yagi tabanli diyet uygulandi. Isi stresi olusturmak amaciyla 21. giinden 41. gline kadar glinde 8 saat boyunca sicaklik
34°C'ye ¢ikarildi. T3 ve T4 grubundaki civcivlerde kontrol grubuna oranla Lactobacillus popiilasyonu daha yiiksek iken Escherichia coli poptilasyonu daha
distkti (P<0.05). T1 ve T2 grubundaki civcivlerde C, T3 ve T4 grubundakilere kiyasla daha kisa jejunal villi, daha derin kriptler ve daha dustik villus
yuksekligi:derinligi belirlendi (P<0.05). Her iki besin transporteri icin de gen ekspresyonlarinda farkli uygulamalar icin herhangi bir fark gézlemlenmedi
(P>0.05). T3 ve T4 grubundaki civcivlerde C, T1 ve T2 gruplarina kiyasla daha yiiksek kilo kazanimi belirlendi (P<0.05). Kontrol grubuna oranla T3
grubundaki civcivlerin yem tiiketimi daha diistik ve dolayisiyla yem konversiyon orani daha iyiydi (P<0.05). Sonug olarak, diyetteki enerji kaynaginin bir
bolimiiniin soya fasulyesi yagi ile degistirilmesinin bagirsak parametrelerini ve isi stresi altindaki broilerlerin performansini iyilestirebilecegi belirlendi.

Anahtar sézciikler: Enerji, Yag, Bagirsak morfolojisi, Transporter, Broiler
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INTRODUCTION

Heat stress is considered as a major problem in poultry
production on subtropical and tropical regions, where
major broiler farms exists [". Heat stress occurs when a
negative balance between the amount of heat energy
produced by the animal and the amount of energy flowing
from the broiler body to environment exists. This condition
affects negatively the health and performance of broilers 2,
In terms of changes in metabolic pathways ®, microbial
population in the small intestine , hormonal levels ¥, low
feed consumption, body weight gain, high feed conversion
ratio (FCR) ® and damage to small intestine structure 8.
These changes not only could affect nutrient absorption,
but also the merit of substrates for metabolism 19

Intestinal bacterial flora are considered important for
priming and maintaining an active immune system "', The
microbiota composition can be affected by environmental
factors, genetics and substrate availability within the gut M2,
Development of the intestinal villi in the early chicken's
life could increase efficiency of nutrient utilization and
enhance the growth performance. Furthermore, an increase
in villi height may increase the intestinal surface area and
nutrient absorption 3. Mitchell and Carlisle '™ reported
that chronic heat stress decreased small intestinal villus
height and wet and dried small intestinal weight of birds.

The process of absorption of carbohydrates into the
enterocytes of the small intestine is mediated by sugar
transporters, such as sodium-glucose transporter 1
(SGLT-1) ), which diffuses monosaccharides into the extra-
cellular fluid and then into the blood "% Triglycerides
(TGs) are broken into glycerol and free fatty acids and
then absorbed in the intestine and transported across the
apical membrane of the enterocytes. Fatty-acid-binding
proteins (FABPs) are intracellular lipid chaperones that
transport lipids to a specific component in the cell U7,
Nutrient transporters in the small intestine are responsible
for dietary nutrient assimilation; therefore, heat stress-
related changes in the expression of these transporters
affect the availability of nutrients and energy to the animal
for growth and development. However, the effects of
heat stress on the expression of nutrient transporters in
the small intestine of broiler chickens are unclear. Some
studies showed that starvation stress caused the increased
expression of sodium glucose co-transporter 1 (SGLT1)
mMRNA in the small intestine of chickens and rats '8,

Wang et al.?? showed that high apparent metabolizable
energy in the diets fed to broilers improved their feed
conversion ratio, emphasizing the potential role of nutrient
density as an important factor that may affect animal
intestine development. Chickens fed a higher nutrient
density diet grow faster throughout all growing phases 2"
There are evidences that a higher dietary fat content
contributes to improved heat tolerance in broiler chickens #2.
Zulkifli et al.® reported that providing diets containing

high levels of palm oil enhanced growth performance and
survivability of heat-stressed broiler chickens.

To our knowledge, there was no report concerning the
effect of energy sources and levels on intestinal transporters
gene expression, morphology and microbiology, especially
in the context of heat stress condition. It was hypothesized
that in the heat stress condition, lipid addition with higher
energy level to diet could improves the small intestine
morphology, gene expression of transporter and beneficiary
bacteria population compared to diet containing main
energy source from carbohydrate. Therefore, the main
objective was to evaluate the effects of energy sources
and levels on microbial population, small intestine
morphology, gene expression of glucose transporter
(SGLT1), fatty acid binding protein (FABP) and performance
in broiler chickens under heat stress conditions.

MATERIAL And METHODS

Chickens Management

All animal procedures were approved by the Animal
Care Committee of the Animal Sciences Research Institute
of Iran. The use of broilers in this study was approved by
the Animal Care Committee (Protocol 17-16-5-10938;
90-11-15).

A total of 600 one-day-old Cobb 500 male broiler chicks
with an average weight of 39£0.50g was obtained from
a local hatchery and randomly allocated to 20 floor pens
(200 cm x 180 cm) covered with pine shaving. Chicks were
randomly assigned to five dietary treatments with four
replicates and 30 chicks per each. Chicks were raised
under environmentally controlled conditions and lighting
program based on Cobb 500 broiler guides (Cobb Broiler
Management Guide, 2010), except temperature. Feed intake
and live body weight were recorded in the beginning and
at the end of experiment, and the feed conversion ratio
was then calculated. Dead chicks were collected daily and
weighed at the time of carcass removal; carcass weights
were included in the feed conversion ratio calculations.

Experimental Design

Dietary treatments were: control group (C) which
broilers fed diet with main energy from corn and energy
level; T1: broilers fed diet with main energy from corn and
3% lesser energy; T2: broilers fed diet with main energy
from corn and 6% lesser energy; T3: broilers fed diet with
main energy from corn and soy oil and energy level T4:
broilers fed diet with main energy from corn and soy oil and
3% upper energy. The experimental diets were formulated
based on Cobb standard (Cobb instruction manual, 2012)
(Table 1). Washed sand as filler was used to balance for
dietary metabolizable energy levels. Chicks were fed a
starter diet from day 1 to 10, grower diet from day 11 to 28,
followed by a finisher diet from day 29 to 42 of age. Feed
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Table 1. Composition (measured in %) of the experimental diets for broiler chickens

Starter (0-10 days old) Grower (11-28 days old) Finisher (29-42 days old)
Ingredients

C T1 T2 T3 T4 C T T2 T3 T4 C T T2 T3 T4
Corn 63.35 | 63.33 | 62.13 | 58.24 | 54.26 | 69.22 | 68.8 | 67.7 | 65.31 | 59.31 | 70.18 | 71.47 | 71.5 | 65.07 | 62.4
Soybean meal 2257 | 28.86 | 31.48 | 31.90 | 32.21 18 | 2343 | 26.2 24 2845 | 193 20 242 | 258 25
Soybeanoil 000 |- | e | e 25 | 414 | - | - | - 2 5 | - e 3.5 5
Corn gluten meal 9.17 3 - 2.7 4.7 8.2 324 | —- | 42 29 | 623 | 42 -——- 1.5 35
Di-calcium phosphate 2.07 | 2.06 | 206 | 2.05 | 2.05 1.9 1.9 1.9 1.9 1.9 1.7 1.7 1.7 1.7 1.7
Calcium carbonate’ 1.06 | 1.03 | 1.01 1.01 1.01 1.05 | 1.05 | 1.05 | 1.05 | 1.05 | 092 | 0.92 | 092 | 0.90 | 0.90
NaCl 038 | 038 | 038 | 038 | 038 | 037 | 037 | 037 | 037 | 037 | 032 | 032 | 032 | 032 | 032
DL - Methionine 0.27 | 033 | 038 | 033 | 030 | 0.22 | 0.27 | 030 | 0.25 | 0.25 | 0.18 | 022 | 0.27 | 0.22 | 0.20
L - Lys HCI 0.53 | 040 | 035 | 031 | 036 | 044 | 034 | 028 | 032 | 022 | 036 | 036 | 0.27 | 021 | 0.22
L - Threonine 0.10 | 0.11 0.13 | 0.08 | 0.09 | 0.10 | 0.10 | 0.12 | 0.10 | 0.05 | 0.09 | 0.09 | 0.10 | 0.06 | 0.04

Vitamin & Mineral Permix? | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50

Choline chloride = = = = | = | = — | =|=|=|02| 02| 022 | 022 | a2
Fillew | — | 158 | = — | = | = 1B = | =] =] =] =] =] =
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Analyzed Nutrient content

ME (kcal/kg) 3035 | 2934 | 2853 | 3035 | 3120 | 3108 | 3014 | 2921 | 3108 | 3201 | 3185 | 3085 | 2990 | 3185 | 3275
Digestible Methionine% 059 | 059 | 059 | 059 | 059 | 053 | 053 | 053 | 053 | 053 | 048 | 048 | 048 | 048 | 048
Digestible Lysine% 1.18 | 118 | 118 | 1.18 | 1.18 | 1.05 | 1.05 | 1.05 | 1.05 | 1.05 | 095 | 095 | 095 | 0.95 | 0.95
Digestible Threonine% 0.77 | 077 | 0.77 | 0.77 | 0.77 | 069 | 0.69 | 069 | 069 | 0.69 | 065 | 0.65 | 0.65 | 0.65 | 0.65
Calcium9% 0.90 | 090 | 0.90 | 090 | 0.90 | 0.84 | 0.84 | 0.84 | 0.84 | 0.84 | 0.76 | 0.76 | 0.76 | 0.76 | 0.76

Available phosphorus% 045 | 045 | 045 | 045 | 045 | 042 | 042 | 042 | 042 | 042 | 038 | 038 | 0.38 | 038 | 0.38

Na% 0.17 | 017 | 0.17 | 0.17 | 017 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16
"per kg contains:Ca, 23% and P, 18.5%;2Supplied by Razak Co., Tehran, Iran, and provided per kilogram of diet: vitamin A, 360.000 IU; vitamin D3, 800.000 IU;
vitamin E, 7.200 IU; vitamin K3, 800 mg; vitamin B1, 720 mg; vitamin B9, 400 mg; vitamin H2, 40 mg; vitamin B2, 2.640 mg, vitamin B3, 4.000 mg; vitamin B5,
12.000 mg; vitamin B6, 1.200 mg; vitamin B12, 6 mg; Choline chloride, 200.000 mg, Manganese, 40.000 mg, Iron, 20000 mg; Zinc, 40.000 mg, copper, 4000mg;
lodine, 400 mg; 3 Inert filler used to complete diet formulations to 100%

S . . 241
Table 2. Primers sequences used in RT-PCR excising jejunum, as described by Uni et aI.. segments
were washed with cold phosphate buffer saline, sectioned

Primers Sequence and immediately frozen in liquid nitrogen, and stored at
SGLT1 F 5-GATGTGCGGATACCTGAAGC-3 -80°C. 2 cm sections were selected for histo-morphology
xamination. Th ions were flushed with phosph

SGLT1 R 5-AGGGATGCCAACATGACTGA-3 examinat of e sectio 'S were Tius ed wit phosp 'ate
buffer solution and then fixed in buffered formalin solution

FABPF 5-AGAAAGTTAGGAGGAGCCCACG-3 (10%). The entry of ceca of five chicks from each pen was

FABP R 5-TCGGTCACGGATTTCAGC-3 sealed, removed and placed in ice and the contents used
immediately for microbial assays.

B-actin F 5-CCACCGCAAATGCTTCTAAAC-3 y y

B-actinR 5-AAGACTGCTGCTGACACCTTC-3 Total RNA Extraction and Reverse Transcription

The frozen jejunum was crushed in a sterile mortar, and
the powder was applied for total RNA extraction using a
suitable kit (Bioneer Co., Seoul, South Korea). The integrity
of the RNA was verified by optical density (OD) absorption
ratio 1.97>0D260 nm/OD280 nm>1.9 Ribonucleic acid
integrity was determined by gel electrophoresis on a 1%

Sample Collection agarose gel. Extracted RNA was stored at -80°C. Then,

cDNA for each transporter gene was synthesized based

On day 28 of age, five chicks from each pen were on reverse transcription technique using kit (Bioneer Co.,
weighed and euthanized by cervical dislocation. After  Seoul, South Korea) and stored at -20°C.

and water were provided for ad libitum intake. From day 21
to 41, all the chickens were exposed to 34+1°C and 60-70%
relative humidity for 8 hours per day from 08:00 to 16:00,
and then raised at 24+1°C. Feed and water were provided
throughout the heat challenge period.
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Quantitative Real-Time PCR

The relative abundance of SGLT1 and FABP mRNA was
determined by quantitative real-time PCR. Quantitative
real-time PCR was conducted using a Real-time PCR
systems (Applied Biosystems). Each reaction contained the
followings: 2 pL of cDNA, 10 pL of 2X SYBR Green Master Mix
(Applied Biosystems), 0.4 uL each of the forward primer (4
MUM) and reverse primer (4 puM), and 7.2 uL of nuclease-free
water. Primers were designed by using Primer software
(primer-BLAST) at website (www.ncbi.nlm.nih.gov). PCR
reactions were performed with primers designed and
synthesized for both transporters and the house-keeping
gene B-actin (Table 2). Amplification for transporter in the
jejunum (SGLT1 and FABP) was performed for 45 cycles,
which consisted of an initial activations step (95°C, 5 min),
denaturation cycle (95°C, 30s) and annealing at 54°C for 30
s, extension at 72°C for 1 min, and final extension at 72°C
for 5 min. The PCR products were electrophoresed on a
1% agarose gel. Average gene expression relative to the
endogenous control for each sample was calculated using
the 22%Tmethod

Intestinal Microbial Populations

Immediately, samples of ileum and ceca were collected
into glass containers under CO, sealed and put on ice
until enumeration of microbial populations. Ten grams of
mixed contents were blended under CO, in 90 mL of
anaerobic dilution solution. Further serial dilutions were
made in anaerobic dilution solution for anaerobic bacterial
enumeration. The initial dilution in anaerobic dilution
solution was also used as a source for serial dilutions in
phosphate buffered saline for enumeration of aerobic
bacterial populations. Triplicate plates were then inoculated
with 0.1mL samples and incubated at 37°C aerobically or
anaerobically as appropriate. Three dilutions were plated
for each medium. Bacteria were enumerated on MRS
agar (Merck, Germany) for Lactobacillus and MacConkey'’s
(Merck, Germany) for Escherichia coli. Colony forming units
(cfu) were defined as being distinct colonies measuring at
least T mm in diameter 129,

Intestinal Morphological Analysis

Formalin fixed tissue sections were processed by
dehydration through a series of graded alcohol solutions
(50, 70, 80, 90, 95 and 100%), cleared with xylene, and
embedded in paraffin. For each segment, a 5-pm cross-
section was sectioned using a microtome and placed
on a glass slide. The slides were stained using routine
procedures for Mayer’s hematoxylin and eosin. Villus
height, villus length and crypt depth were measured using
a light microscope (Olympus attached camera) using the
method presented by Wang et al.?”). Double-stained of
samples with Periodic Acid-Schiff and hematoxylin was
done to determine the goblet cell count according to the
method of Wang et al.?”,. The goblet cells were counted in

the scale of 300 um of epithelium length.
Statistical Analysis

Statistical analyses were carried out using ANOVA of
SAS for Windows version 9.1 (SAS Institute Inc., Cary, NC) 2,
The Kolmogorov-Smirnov test was used to test the
normality of the data before ANOVA was performed. Tukey
test was used to compare the means. Statistical differences
were declared at P<0.05.

RESULTS

Effect on Performance

The effect of energy sources and levels on daily body
weight gain (WG), daily feed intake (Fl) and feed conversion
ratio (FCR) is presented in Table 3. Chickens fed T1 and
T2 diets as compared to C group had lower WG, higher
FI and higher FCR (P<0.05). Chickens in T3 and T4 that
received soybean oil and energy level equal to or greater
than guideline of Cobb had higher WG compare to those
received equal to or lower energy with main energy source
of corn grain (P<0.05). Chicks in C and T3 group received
the same amount of energy with different sources, had
difference in Fl and FCR, but had no significant differences
in weight gain (P>0.05). Feed intake in T3 was lower than
C, consequently, FCR of chicks fed T3 was better than C
group. Although chicks in T3 and T4 groups received diets
containing soybean oil, chicks in T4 received 3% higher
energy than T3. Chicks in T3 also had lower FI than, same
FCR and weight gain as group T4. The highest BW was for
T4 and the lowest for T2 group. No difference on BW was
observed between C and T3 groups consuming the same
energy level with different energy source (P>0.05).

Effect on Small Intestine Morphology

Dietary treatments significantly influenced jejunal villus
height, crypt depth and villus height: crypt depth ratio
(Table 4), but had no effect (P>0.05) on villus width and
goblet cell count. The smallest villus height, deeper crypt
and lowest their ratio was related to chicks in T2 group, and
in contrast respectively the largest, shallowest and highest
of these parameters was related to T4 group. Chickens
received diets with lower energy level had poorer jejunal
morphological parameters than those fed with diet in
sufficient or over energy level. There were no differences
for villus height and crypt depth between T3 and T4, but
their ratio was higher (P<0.05) in T4 than T3. Chicks in C
and T3 group received the same amount of energy with
different sources, had difference in villus height and villus
height: crypt depth ratio, but difference for crypt depth
was not significant (P>0.05).

Effect on Microbial Population

Effect of energy sources and levels on microbial
population of broiler chicks is shown in Table 5. There
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were no significant differences among C, T1 and T2 for
Lactobacillus population (P>0.05), whereas addition of
soybean oil to diet in T3 and T4 groups increased (P<0.05)
Lactobacillus population. The highest population of
Escherichia coli was seen in C group and the lowest in
chickens received soybean oil. Chickens in T2 group that
received the lowest energy level had less Escherichia coli
population than T1 and C group (P<0.05). Chicks in T3
group that received soybean oil in comparison with C

group that received the same amount of energy main from
corn grain had higher (P<0.05) Lactobacillus population
and lower Escherichia coli population.

Effect on SGLT1 and I-FABP Gene Expression

Effect of dietary treatment on jejunal gene expression
of SGLT1 and FABP in broiler chickens is shown in Table 6.
There were no significant differences (P>0.05) among
treatments for gene expression of both nutrient transporters.

Table 3. Effect of energy sources and levels on performance parameters of broiler chickens at total period'

Treatments Daily Weight Gain (g/bird) Daily Feed Intake (g/bird) Feed Conversion Ratio BW (g)
C 51.42° 93.07¢ 1.81¢ 2160°
T1 49.83b¢ 96.67° 1.94° 2093¢
T2 48.33¢ 99.55° 2.06° 2030¢
T3 52.09% 89.59¢ 172 2188°
T4 53.80° 93.61¢ 1.74¢ 2260°
SEM 0.490 0.579 0.029 18.690
P-value 0.002 0.004 0.001 0.001
ab< Means within a column with different superscripts are significantly different (P<0.05); ' Data are means of 20 pens of 30 broilers each

Table 4. Effect of energy sources and levels on jejunal morphological parameters of broiler chickens at d 28 of age '

Treatments Villus Height? (mm) | Villus Width? (mm) | Crypt Depth?(mm) Height:Crypt Depth' | Goblet Cell (count/mm)?
C 1.01° 0.74 0.40%® 2.52¢ 140
T1 0.905< 0.75 0.43*® 2.09¢ 138
T2 0.70¢ 0.75 0.50? 1.4¢ 137
T3 1.13° 0.74 0.38° 2.97° 147
T4 1.19° 0.72 0.36° 3.30° 146
SEM 0.23 0.651 0.09 0.08 0.606
P-value 0.001 0.07 0.001 0.04 0.08

obtained from transmission electron microscopy

ab< Means within a column with different superscripts are significantly different (P<0.05); ' Data are means of 100 birds (5 birds from each pen); ? Data were

Table 5. Effect of energy sources and levels on viable counts of Lactobacilli and Escherichia coli (log,,CFU/g of digesta) in cecal digesta of broiler chickens at

d28ofage’
Experimental Treatments
Microflora SEM P-value
C T T2 T3 T4
Lactobacillus 3.68¢ 3.72¢ 3.50¢ 4.67° 5.832 0.539 0.008
Escherichia coli 5.00? 4.82° 2.20° 1.30¢ 1.10¢ 0.500 0.008

ab< Means within a row with different superscripts are significantly different (P<0.05); ' Data are means of 100 birds (5 birds from each pen)

Table 6. Effects of energy sources and levels on SGLT1 and FABP gene expression in jejunal of broiler chickens at 28 d of age

. Experimental Treatments
R: lative .Ger:e SEM P-value
Xpression C T T2 T3 T4
SGLT1 1.000 1.074 1.264 1.255 1.187 0.22 0.06
FABP 1.000 1.112 1.127 1.181 1.413 0.33 0.06

Means within a row without superscripts are not different (P>0.05); ' Relative gene expression (2%;) £SEM was calculated using the AA“” method
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DISCUSSION

Chicken health and performance are greatly influenced
by diet quality and nutrient availability ?°. These traits
are more dependent on the intestine health to assimilate
nutrients efficiently as the bird shifts from the lipid-rich
yolk as the main source of energy to a carbohydrate-
based diet 5%, To improve the health and performance,
addition of lipids to diet in the early life of chicks and later
was recommended by many researchers B33, In stress
condition, plasma corticosterone level tends to increase
and this hormone has negative effect on intestinal
morphology and consequently performance B%. A recent
study revealed that birds exposed to chronic heat stress had
poor growth performance and increased corticosterone
concentrations . Deteriorated performance resulted
from heat stress in broilers can be attributed to a greater
expenditure of energy for physiological adaptation to
the stressful situation instead of growth enhancement B2,
Alternatively, it is believed that less weight gain in the heat
stress groups is due to a smaller appetite and lower feed
intake, as it maybe seemingly a defense mechanism to
help reduce heat production.

The main objective of this study was to evaluate the
effect of energy sources and levels on microbial population,
SGLT1 and FABP gene expression and small intestinal
parameters in broiler chickens under heat stress. In the
literature, study about this subject under heat stress was
not found; hence comparison of our findings with others
was done on non-stressed condition.

The results of this study indicate that the source and
level of metabolizable energy in broilers under heat stress
had a statistically significant influence on intestinal morpho-
logy and microbiology and consequently performance
(P<0.05), but it had no effect on gene expression of
nutrient transporters of glucose and fatty acid binding
protein. Maintenance of normal microarchitecture of the
small intestine is very important for proper growth and
development. Quite a few studies have reported that stress
hampered the development of intestinal morphology
and function . Sohail et al.® observed that heat stress
decreased villus height and width, crypt depth, and
villus surface area. Stressors such as fasting and nutrient
deficiency or corticosterone injections have noxious
effects on the intestinal microarchitecture, resulting in
reduction in the absorptive surface area 3%, Feeding
ration with lower energy level to chickens resulted in short
villus height and poor performance. The villi play a crucial
role in the digestion and absorption processes of the small
intestine, as is the first to make contact with nutrients in the
lumen B8, A shortening of the villus height may lead to
poor nutrient absorption along with lower performance 26,

In contrast, substitution of a part of corn energy with
soybean oil in the present study improved the intestinal

parameters. The positive effect of lipids on intestinal
health status and growth performance of broilers is well
documented B%. The extra caloric effect of added soybean
oil resulted in an improved body weight gain . Inclusion
of soybean oil and delivery of higher energy than Cobb
standard (T4) resulted in the highest villus height, the
shallowest crypt depth, lowest E. coli and highest lactic
acid bacteria population and finally higher body weight
and the highest feed efficiency. It was reported that dietary
soybean oil supplementation significantly increased villus
height of the jejunum®.

In this experiment, addition of soybean oil in diet T3
and T4 enhanced the growth of Lactobacillus, but inhibited
that of E. coli in the small intestine. Freitas et al*? reported
that addition of soybean oil could maximize the growth
of the bacterial population. Intestinal microflora plays an
important role in digestive health. Microbial population is
dependent on food rations as the ultimate source of the
organic substrate metabolism “. It is known that dietary
fats cause changes in the intestinal microflora composition
with a direct effect on digestion and absorption of
nutrients by the birds. Innis et al*! reported that canola oil
supplementation increased lactic acid bacteria population
in the gut. The effect of fat on the microbial flora of the
gastrointestinal tract may be due to its effect on digestion,
viscosity, pH level and the transport of nutrients in the
gastrointestinal tract “°1.

No differences were found among treatments for
gene expression of SGLT1 and FABP in this study. It was
demonstrated that regulation of nutrient transporters by
dietary substrate appears to occur by increasing mRNA
stability or by increasing gene transcription rate ¥, |t
seems that metabolizable substrates are not necessary
for its regulation. Sun et al.*” reported that the expression
levels of FABP were significantly decreased by heat exposure,
but heat stress had no significant effect on gene expression
of SGLT1. In Shepherd et al.*® mentioned study has
suggested that environmental stress decreases GLUT-2
expression at the brush border membrane level but does
not alter SGLT-1 expression. Moreover, corticosterone-
induced stress does not alter the expression of SGLT-1 in
the jejunum of broiler chickens 1“9,

Moreover, an increased body temperature during
heat stress conditions can lead to increased maintenance
energy requirements ®% to keep body temperature around
a normal level. Different levels of energy significantly
affected body weight, weight gain, feed intake and feed
conversion ratio ", The final live weight was significantly
highest in broiler chickens fed dietary treatment with
normal energy and was lowest in those fed dietary treatment
with low energy 2. Increased live weight was mostly due
to higher metabolizable energy consumption in the same
unit of diets by chickens, similarly supplementation of oil
caused a positive trend in cumulative live weight gain (g/
bird) of broilers at different ages ®*. Fats and vegetable oils
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has been frequently included in broiler diets to increase
the energy density of the diet, to improve efficiency
and to increase nutrient digestibility in broilers 54, Lipid
supplementation increases the energetic efficiency in two
ways. It increases density of energy and it has a lower heat
increment or greater net energy. Increased energy and
nutrient density of the diet and replacing carbohydrate
calories reduced feed intake almost proportionally but
increased live weight gains in hot weather. Nitsan et
alk stated that feed conversion ratio were significantly
improved with addition of 3% soybean oil in the diet.

The present study has demonstrated that the levels
and sources of dietary energy have significant effects on
intestinal populations of Lactobacillus and E. coli in broiler
chickens. It can be concluded that providing high levels
of dietary energy with oil in broiler nutrition, increases
beneficial intestinal flora and reduction of noxious
microbes and simultaneously cause an increase intestinal
villus height and decrease crypt depth and intestinal
absorption that finally can ensure the intestinal health of
broilers. The results showed that the higher energy level
than nutritional needs based on Cobb broiler chickens
requirements as specified in the manual was affective on
microbial population and morphological parameters that
can cause increasing weight gain and final body weight
under heat stress.
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Abstract

Pullorum disease, which is one the most serious intestinal diseases in poultry production, is generally treated by adding antibiotics to the feed
of infected chickens. Although antibiotics are generally quite effective against the disease, they can harm small intestinal flora and mucosa. The
objective of this experiment was to determine if antimicrobial peptides (AMPs) from housefly (Musca domestica) larvae can be used to treat pullorum
disease. The study included AMPs extracted from Salmonella enteric serovar Pullorum-infected larvae as well as non-infected ones (referred to as
induced-AMPs and non-induced AMPs, respectively). Tests were then conducted to determine (i) the activity of these AMPs against S. pullorum and
(ii) the effects of the AMPs on intestinal Lactobacillus acidophilus and mucosa epithelial cells in S. pullorum-infected chicks. The results showed that S.
pullorum-induced AMPs and non-induced AMPs both exhibited antimicrobial activity against S. pullorum. Small intestinal L. acidophilus populations
in convalescent chicks that had been treated with induced AMPs showed similar patterns to those in healthy chicks. Induced AMPs also had relatively
little effect on the number of mast cells, lymphocyte cells, and goblet cells in the small intestine of convalescent chicks compared with healthy chicks.
In contrast, treatment with antibiotics generally reduced the number of all three cell types, especially in the duodenum. In conclusion, AMPs from
housefly larvae offer potential for effective treatment of S. pullorum-infected chickens without the harmful side effects of antibiotics.
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Karasinekteki (Musca domestica) Antimikrobiyal Peptidler Salmonella
pullorum ile Enfekte Tavuklarda Bagirsak Lactobacillus acidophilus ve

Mukozal Epitel Hiicrelerini Etkiler

Ozet

Kanatli Uretiminde en ciddi bagirsak hastaliklarindan birine neden olan Pullorum hastaligi genellikle enfekte tavuklarin yemlerine antibiyotik
ilavesi ile tedavi edilir. Antibiyotikler genellikle hastaliga karsi oldukga etkili olmakla birlikte ince bagirsak florasina ve mukozaya zarar vermektedir.
Bu calismanin amaci; karasinek (Musca domestica) larvasindaki antimikrobiyal peptidlerin (AMP) pullorum hastaliginin tedavisinde kullanilip
kullanilmayacaginin belirlenmesidir. Calismada Salmonella enteric serovar Pullorum-enfekte (indiiklenmis AMP) ve enfekte olmayan (indiiklenmemis
AMP) larvalardan ekstrakte edilen AMP kullanildi. Calismada; (i) S. pullorum’a karsi AMP aktivitesi ve (ii) S. pullorum-enfekte civcivlerde bagirsak
Lactobacillus acidophilus ve mukoza epitel hiicrelerinde AMP etkileri arastirildi. Elde edilen sonuglar S. pullorum indiklenmis AMP ve indiklenmemis
AMP'in her ikisinin de S. pullorum’a karsi antimikrobiyal aktivite gdsterdigini ortaya koymustur. indiikklenmis AMP uygulanarak tedavi edilen
civcivlerin ince bagirsak L. acidophilus popiilasyonu saglikli civcivlerinki ile benzerlik géstermekteydi. indiiklenmis AMP; tedavi edilen civcivlerin ince
bagirsak mast hticre, lenfosit ve goblet hiicre sayilarinda saglikl civcivler ile karsilastirildiginda goreceli olarak az miktarda etkiye neden oldu. Aksine
antibiyotik uygulamasi 6zellikle duodenumda olmak tzere her Ug hiicre tipi sayisinda genellikle diismeye neden oldu. Sonug olarak, karasinekten
elde edilen AMP S. pullorum ile enfekte tavuklarin tedavisinde zararli yan etkileri olmaksizin kullanilabilecek potansiyele sahiptir.
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INTRODUCTION

Salmonella infection is caused by a variety of Salmonella
species . More than 2.550 Salmonella serotypes have
been reported, mostly belonging to S. enterica 2. Pullorum
disease caused by S. enterica serovar. Pullorum is one of the
most serious poultry diseases in the world. S. Pullorum first
infects the intestinal tract of chickens. The main clinical
symptoms of pullorum disease in chickens are listlessness
and white diarrhea B, Chickens can be infected at any age.
Two to three weeks old chicks have the highest morbidity
and mortality. Pullorum disease tends to be either chronic
in adult chickens or latent without obvious symptoms €.,
The disease is extremely difficult to cure because the
bacteria can be carried for long periods, resulting in
persistent infection 7.,

Intestinal floraisvital to chicken health ®. S. Pullorum
infection can cause lesions and damage villi in the small
intestine. Antibiotics are the main means of controlling
pullorum disease . However, bacterial resistance to anti-
biotics has increased due to long-term use and overuse 1.
More than 2000 antibiotic resistant strains of S. Pullorum
were identified worldwide between 1962 and 2007 "',

The substitution of antimicrobial peptides (AMPs) for
antibiotics is one way to prevent the development of resistant
microbial strains 273, However, several studies have
shown that AMPs have no real advantage compared with
traditional antibiotics "¢'®, In recent years, AMPs have been
used as a feed additive to prevent S. Pullorum infection.

AMPs are polypeptides produced by an organism to
protect it from infection by pathogenic microorganisms 1.
AMPs have broad spectrum antimicrobial activity and,
furthermore, resistance to AMPs is not easily develo-
ped 122022 AMPs have been isolated from a variety of
organisms including insects, plants, and vertebrates. Insects,
which have the greatest number of species in the animal
world, can secrete many kinds of AMPs . The housefly
(Musca domestica) is surrounded from the larval to adult
stages by many different pathogens ?%. Some researchers
have attributed the unique pathogen resistance of houseflies
to AMPs which they secrete 2529,

The purpose of this study was to determine the
efficacy of AMPs from housefly larvae for treatment of
chicks with pullorum disease. The specific objectives were
(i) to determine the bacteriostatic activity and minimum
inhibitory concentration (MIC) of the AMPs toward S.
pullorum and (ii) to confirm that the AMPs have therapeutic
effect by comparing intestinal L. acidophilus populations
and mucosal epithelial cell numbers in healthy chicks with
those in S. pullorum-infected chicks treated with AMPs.
The effects of the AMPs were also compared with those of
gentamycin sulfate, an antibiotic that is commonly used
to treat pullorum disease. The results of this experiment

should provide information about the potential use of
AMPs from housefly larvae as a feed additive.

MATERIAL and METHODS

Ethics Statement

This study was approved by the Ethical Committee
of Animal Experiments, Animal Science and Technology
College, Shihezi University. All chickens were housed and
euthanized in strict accordance with the committee’s
guidelines. During the experiment, every effort was made
to minimize suffering by the animals.

Bacteria

S. Pullorum (CVCC578) was purchased from the China
Institute of Veterinary Drug Control. The standard strains
were cultured in Luria broth (LB) at 37°C until the logarithmic
growth phase was reached. The bacterial cells were
collected by centrifugation (8.000 g, 5 min) and the cell
concentration was adjusted to 1x10” CFU/mL.

Crude Extractions of Housefly AMPs

The housefly larvae used in this study were obtained
from the Insect Laboratory, College Agronomy, Shihezi
University. To induce the production of S. Pullorum-specific
AMPs, the larvae were pricked with a needle that had been
dipped into the suspension of S. Pullorum cells described
above. The AMPs from this group will be referred to as S.
Pullorum-induced AMPs 1, A second group of larvae were
pricked with a needle that had been dipped into distilled
water. The AMPs from this group will be referred to as non-
induced AMPs. The larvae were then put into an incubator
for 24 h at 25°C and 60% relative humidity.

The AMP was crudely extracted from the larvae using
a modification of the method described by Gang et al.?®,
Briefly, the larvae were surface sterilized in 75% ethanol,
washed with sterile water, and then dried. The larvae were
homogenized in a mixture of 0.05 mol/L of ammonium
acetate buffer (pH 5.0), 0.35 pg/mL PMSF, 0.2 mg/L EDTA,
and 2% B-mercaptoethanol at a ratio of 1 mg larvae to 3
mL solution. The homogenate was centrifuged twice at
12000g for 30 min at 4°C. The supernatant was decanted
and then heated in a boiling water bath for 10 min. After
rapid cooling, the samples were centrifuged at 12.000 g for
30 min at 4°C in ultrafiltration tubes (molecular weight
cut-off of 3 kDa). The supernatant was then stored at -80°C.

Antibacterial Activity Assays

Antimicrobial activity was determined by the standard
agar plate method %, Paper disks were soaked for 30 min
in solutions containing either (i) S. Pullorum-induced AMPs,
(ii) non-induced AMPs, or (iii) gentamycin sulfate antibiotic.
S. Pullorum cells were spread evenly onto the surface of
solid LB nutrient medium with a sterile glass-spreading
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rod. The paper disks were placed on the surface of the
medium after they were completely dry. The inhibition
zones were measured after 24 h culture at 37°C. The areas
of the inhibition zones were calculated to quantify the
relative activity of each treatment against S. Pullorum.
The interpretive criteria were as follows: low susceptible,
inhibition zone diameter <10 mm; intermediate, 10 to 14 mm;
susceptible, 14 to 19 mm; and highly susceptible =19 mm 28,

The minimum inhibitory concentration (MIC) of the S.
Pullorum-induced AMPs was determined using the broth-
double dilution method 3% Normal saline solution (2.5
mL of 0.9% NacCl), and LB medium (2.5 mL) were added
to sterile tubes containing 10 colony forming units (CFU)
of S. Pullorum. S. Pullorum-induced AMPs were added to
the tubes in 0.5 mg/L increments from 0 to 5.0 mg/L. In
the control group, gentamycin sulfate was substituted
for the AMPs. The tubes were incubated at 37°C for 48
h on a rotary shaker. The MIC was defined as the lowest
peptide concentration causing the complete inhibition
of S. Pullorum growth.

Artificial Infection Experiment

Specific pathogen-free (SPF) male chicks were purchased
from a local hatchery. The chicks were raised in cages
with ad libitum access to food and water. When they were
14-days-old, the chicks were randomly divided into five
treatment groups of 50 chicks each. The chicks in four
groups were injected with 2 mL of S. Pullorum suspension
(1107 CFU/mL) into the chest cavity B". All of the chicks
presented symptoms of pullorum disease (i.e,, diarrhea) 24
h after injection. The fifth group (referred to as the healthy
group) was not injected with S. Pullorum, and S. Pullorum
was replaced by injected the normal saline with the same
dosage.

The S. Pullorum-infected chicks were treated in four
different ways. One group was treated with S. Pullorum-
induced AMP. Another group was treated with non-
induced AMP. The chicks in these two groups were given
3 mL of the crude AMP extract (1 mg AMP/mL) daily. A
third group was fed live housefly larvae. The AMP content
of the housefly larvae was 0.5 ug AMP/g fresh weight.
The AMP dosage was adjusted so that it was the same as
that in the two AMP extract treatments. The fourth group
was treated with 100 mg/L gentamycin sulfate antibiotic
in the drinking water according to the manufacturer’s
instruction. These four treatments continued for 3-5 d until
the disease symptoms disappeared. The healthy chicks (i.e,,
the fifth group) received normal food and water. The chicks
were slaughtered 3, 5, and 7 d after the above treatments
were started and their intestinal tracts were examined as
described below.

Sample Collection

- Isolation of Lactobacillus acidophilus: L. acidophilus
was isolated by washing the contents from the small

intestine of each chick with normal saline solution under
aseptic conditions. The samples were serially diluted 7 to
9 fold with saline solution and then plated onto De Man,
Rogosave Sharpemrs(MRS) culture medium. The cultures
were incubated for 24 h at 37°C.

- Small Intestine Tissue Sections: Four cm long sections
of the duodenum, jejunum, and ileum were excised and
then immediately put into 4% formalin and fixed for 72
h. The samples were then paraffin-embedded according to
methods described by Watters et al.?? and Alketa et al.>?,
Briefly, the tissue specimens on the surface of the
formaldehyde were washed with tap water, dehydrated
with graded alcohol, washed twice within xylene, and
then embedded in paraffin. Xylene was used to remove
wax and then the samples were rehydrated with graded
alcohol. Tissue samples were cut into 5 um thick sections
using a histotome.

Five sections from each sample were dyed. The tissue
sections were floated on distilled water, collected onto
clean glass slides, dried in an oven, and then stained with
hematoxylin and eosin (HE) and toluidine bluestain (0.8%
toluidine blue, 0.6% potassium permanganate, dissolved
in boil distilled water). The samples were decolorized and
then sealed with neutral gum. The morphology of the
small intestine sections was observed under an optical
microscope. Five visual fields (1392 nm x1040 nm) were
randomly selected. The average positive cell number was
regarded as the total cell number.

Statistical Analysis

Statistical analyses were performed using SPSS
software version 17.0 (IBM, Armonk, NY). Independent
t-tests and one-way ANOVA were used to analyze changes
in the inhibition zone diameter, intestinal L. acidophilus
populations, and the numbers of intestinal mucosal
epithelial cells. Differences were considered to be significantly
different when P<0.05.

RESULTS
Antibacterial Activity of AMP

The antibacterial activity of AMP against S. Pullorum
was confirmed using the disc diffusion method. The
inhibition zone diameters decreased significantly in the
order antibiotic >S. Pullorum-induced AMPs>non-induced
AMPs (Table 1). The inhibition zone diameter of gentamycin
sulfate was 11.76% greater than that of S. pullorum-
induced AMP group (P<0.05) and 11.84% greater than that
of non-induced AMP (P<0.01).

The MIC of AMPs against S. Pullorum was determined
using liquid LB agar containing different concentrations
of S. Pullorum-induced AMP and gentamycin sulfate (Table
2). The MIC of induced AMP was 3.0 mg/L whereas that of
gentamycin sulfate was 2.0 mg/L.
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Changes in Intestinal L. acidophilus Populations

The populations of L. acidophilus in different parts
of the small intestine are shown in Fig. 1. L. acidophilus
numbers in the duodenum increased in the healthy,
induced-AMP, and non-induced AMP groups between d
3 and 7. There was no significant difference between the
healthy and non-induced groups on d 3. Moreover, the
temporal changes in L. acidophilus numbers were similar in
the induced AMP group and the healthy group. In contrast
to the AMP groups, L. acidophilus numbers in the larvae-fed
and antibiotic groups decreased with time. This meant
that antibiotic reduced L. acidophilus numbers in the

Table 1. Inhibition of S. Pullorum by antimicrobial peptides (AMPs) and

gentamycin sulfate antibiotic

Group Diameters of Inhibition Zone
Non-induced AMPs (control) 22.8+1.47%
S. Pullorum-induced AMPs 25.5+0.87°
Gentamycin sulfate 28.5+0.96%

A8Values with different superscripts are significantly different at P<0.05

Table 2. The colony forming ability of S. Pullorum as affected by

antimicrobial peptides (AMPs) and gentamycin sulfate antibiotic

Concentration (mg/L) S. Pullorum

S. Pullorum-induced AMPs
5.0 =
4.5 =
4.0 =
3.5 +
3.0 ++
25 dFaF
2.0 AR aF
1.5 “Far
1.0 A
0.5 A

0 A

Gentamycin sulfate
5.0 =
4.5 =
4.0 -
35 -
3.0 -
25 +
2.0 St
15 AR
1.0 ++
0.5 ++

0 ++

Note:*-":no colony; “+":microcolony; “+ +":normal colony

duodenum of convalescent chicks compared with healthy
chicks, whereas AMP had little effect.

L. acidophilus numbers in the jejunum of the induced
AMP group were similar to those in healthy chicks. L.
acidophilus numbers remained steady or decreased with
time in the other three treatments groups. In the ileum, L.
acidophilus numbers increased with time in the induced-
AMP, larvae, and healthy groups. The pattern of change in
the induced-AMP was similar to that in healthy chicks. In
conclusion, S. Pullorum induced AMP had relatively little
effect on intestinal L. acidophilus in convalescent chicks
(P>0.05).

Intestinal Morphology

Mast Cells: The number of mucosal mast cells increased
from the duodenum to the jejunum to the ileum on all
sample dates (Fig. 2). In the duodenum, the healthy group
had the most mucosal mast cells in the duodenum among
all treatments. The induced-AMP group had the second
most mast cells on d 3 and 5 (10.14%-11.59% less than the
healthy chicks). The larvae group had the fewest mast cells
on d 3 and 5. There was no significant difference in mast
cell number among the four groups of S. Pullorum-infected
chicks (i.e, gentamycin sulfate, larvae, non-induced AMPs,
and induced-AMPs) on d 7. In the jejunum, there was no
significant difference in mast cell number between the
induced-AMP group and the healthy chicks on any date.
The induced-AMP group had significantly more mast cells
than (i) the non-induced AMP group on d 3 (5.15% more)
and (ii) the larvae group on d 3 and 5 (13.97%-18.38%
more). In the ileum, the gentamycin sulfate group and the
induced-AMP group had as many or significantly more
mast cells than the healthy group. There was no significant
difference in mast cell number between the non-induced
AMP group and the healthy chicksond 5 and 7.

Lymphocyte Cells: The number of intestinal lymphocyte
cells increased from the duodenum to the jejunum to the
ileum on all sample dates (Fig. 3). There was no significant
difference in lymphocyte cell numbers between the
induced-AMP group and the healthy chicks in any section
of the small intestine on any sampling date. Lymphocyte
cell numbers in the non-induced AMP group were as
great as or greater than those in the induced-AMP and
healthy groups. The exception was in the duodenum on
d 3. Lymphocyte cell numbers in the duodenum and the
jejunum were lowest in the larvae group on all sampling
dates. Lymphocyte cell numbers in the gentamycin sulfate
group were intermediate between the AMP groups and
the larvae groups in the duodenum and the jejunum.

Goblet Cells: The number of goblet cells increased from
the duodenum to the jejunum to the ileum on all sample
dates (Fig. 4). In the duodenum, goblet cell numbers in the
induced-AMP group were significantly less (1.10%-15.38%
less) than those in the healthy group on all sampling dates.
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Fig 2. Number of intestinal mucosal mast cells among groups given antibiotic and AMPs to treat S. Pullorum infection. The untreated
group consisted of healthy (i.e, non-infected) chicks. Error bars represent standard deviation. Different letters indicate significant

The non-induced AMP group had 3.33% fewer goblet cells
than the induced-AMP group on d 3; however there was
no significant difference between the two groups on d 5
and 7. The larvae group had the fewest goblet cells in the
duodenum on d 3 and 5. There was no consistent pattern
to the differences among the treatments in the jejunum
and the ileum.

DISCUSSION

AMPs are small, biologically active molecular poly-
peptides produced by biological organisms after induction
by pathogenic microorganisms "2, AMPs have broad-

spectrum antimicrobial activity against a vast variety of
foreign pathogens including bacteria, fungi, and viruses.
These pathogens are not inclined to develop resistance to
AMPs B4, In contrast, widespread antibiotic use in recent
years has led to the development of antibiotic-resistant
bacteria. Because of their potential for preventing and
treating infections by drug-resistant bacteria, AMPs have
received a great deal of research interest in recent years 5%,

The activity of housefly AMPs against S. Pullorum was
tested using the agar plate method (Table 1). S. Pullorum-
induced and non-induced AMPs both inhibited S. Pullorum.
The inhibition zone diameter of S. Pullorum-induced
AMPs was greater than that of non-induced AMPs and
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Fig 3. Number of intestinal lympthocyte cells among groups given antibiotic and AMPs to treat S. Pullorum infection. The untreated
group consisted of healthy (i.e, non-infected) chicks. Error bars represent standard deviation. Different letters indicate significant
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Fig 4. Number of intestinal goblet cells among groups given antibiotic and AMPs to treat S. Pullorum infection. The untreated group
consisted of healthy (i.e, non-infected) chicks. Error bars represent standard deviation. Different letters indicate significant differences

close to that of gentamycin antibiotic. This indicated that
S. Pullorum infection induces housefly larvae to produce
AMPs with increased bioactivity against S. Pullorum. This
agrees with a previous report that bacterial infection and
injury induced AMP secretion in Calliphora vicina larvae 16\

L. acidophilus is an important intestinal bacteriumin
healthy chickens 57, This probiotic bacterium improves and
adjusts the balance among intestinal microflora, thereby
enhancing immunity, preventing infection, and preventing
inflammation in small intestinal mucosa 8. The present
study showed that feeding chicks with S. Pullorum-induced
AMP not only cured S. Pullorum-infected chickens but
also had no significant effect on intestinal L. acidophilus
populations. In contrast, the antibiotic, larvae, and non-

induced AMP treatments reduced L.acidophilus in the small
intestine, perhaps by damaging small intestinal mucosa.
Additional study needs to be done to confirm this hypothesis.

The intestinal mucosal barrier includes both a
mechanical barrier and an immunological barrier. Mucosal
immune cells include mast cells, lymphocytes, and goblet
cells. Mast cells originate from hematopoietic stem cells in
bone marrow 9. Mast cells can modulate the host’s innate
immune response for phagocytesis of Gram-negative
bacteria. Mast cells may alter intestinal homeostasis and
enhance intestinal permeability during parasite infections
of the gastrointestinal tract 7., In this test, AMPs, antibiotics,
and larvae were administered orally to S. Pullorum-infected
chickens and then changes in mast cell numbers were
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observed across time. The results showed no significant
difference in mast cell numbers between convalescent
chicks after treatment with AMPs and healthy chicks
(P>0.05). In contrast, the antibiotic and larvae treatments
significantly reduced mast cells numbers in convalescent
chicks (P<0.01). Overall, the results indicate that the AMPs
had no significant effect on intestinal mucosal mast cells
after treatment.

Lymphocyte cells protect intestinal mucosal immunity.
Many autoimmune diseases as well as intestinal diseases
are related to either declines in the number of lymphocyte
cells or to their dysfunction ¥, In our study, the number
of lymphocyte cells increased from the duodenum to
ileum in all treatments on all sampling dates. Furthermore,
the number of lymphocyte cells in the convalescent chicks
increased from d 3 to 7. This indicated that S. Pullorum
infection increased lymphocyte cell numbers in the small
intestine, enhancing the immunity of the chicks. There was
no significant difference in the number of lymphocyte
cells between the induced-AMP group and the healthy
groupond?7.

Goblet cells are glands which secrete glycoprotein.
Goblet cells protect the intestinal epithelium and play an
important role in the gut immunity of neonatal animals
before passive immunization ., Goblet cells are sentinel
cells which help to expel bacteria by stimulating mucus
secretion from adjacent crypt cells ¥ In this study, the
number of goblet cells increased from the duodenum to
the ileum in all treatments. Furthermore, the number of
goblet cells in each section of the small intestine increased
slightly between d 3 and 7 in convalescent chicks. Goblet
cell numbers were much less in convalescent chicks in
the antibiotic and larvae groups than in healthy chicks.
In contrast, goblet cell numbers in the AMP groups were
similar to those in healthy chicks.
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Abstract

The objective of this study was to determine the phylogenetic distribution of commonly studied virulence factors of 155 E. coli isolated from
acute bovine mastitis. In the study, A, B1, B2, C, D, E, F phylogroups, and Clade | were defined. B1 and C were found to be the most prevalent
phylogroups covering commensal strains with a ratio of 45.2% and 37.4%, respectively. The other phylogroups determined in the study were
F, D, A, and E with a range of 0.6%-8.9%. Commonly known virulence genes; clpg, F17, afa, iucC, iucD, cnfl, cnf2, kps, and traT were selected to
determine the virulence factors. The only virulence factor gene existing within the strains was traT (66.4%). However, any relation between
phylogroups and virulence factors was not determined. Phylogroups C, E and F were found to be new phylogroups for the first time in acute
bovine mastitis cases.

Keywords: Escherichia coli, Bovine mastitis, Phylogroup, Virulence factor

Akut Sigir Mastitislerinden izole Edilen Escherichia coli Suslarinin
Filogruplandirilmasi ve Virulens Faktor Degerlendirmesi

Ozet

Calismanin amaci akut sigir mastitinden izole edilen 155 E. coli izolatinda, yaygin olarak ¢alisilan virulens faktorlerinin filogenetik dagilimini
belirlemekti. izolatlarin filogruplandirmasi yapildiginda, A, B1, B2, C, D, E, F gruplari ve Sinif | tespit edildi. Kommensal suslari olusturan, B1 ve
C sirastyla, %45.2 ve %37.4 oranla en yaygin filogruplar olarak bulundu. Bu calismada, diger filogruplar, %0.6-%8.9 araligindaki oranda F, D,
A, and E olarak tespit edildi. Virulens faktorlerini belirlemek igin en ¢ok bilinen virulens genleri; clpg, F17, afa, iucC, iucD, cnf1, cnf2, kps ve traT
secildi. traT, suslarin blyutk cogunlugunda (%66.4) tespit edilen virulens genidir. Filogruplar ve virulens faktorleri arasinda herhangi bir iligki
belirlenmedi. Akut sigir mastitis olgularinda, C, E. F filogruplari ilk kez tespit edildi.

Anahtar sézciikler: Escherichia coli, Sigir mastitis, Filogrup, Virulens faktéri

and genotypic characteristics, ecological niche and ability
to cause disease which helps researchers to understand
the epidemiology of E. coli. According to rapidly expanding
multi locus sequence data for E. coli isolated from different
hosts and habitats, at first mainly four phylogenetic
groups A, B1, B2 and D were discovered ., Most of the
commensal and diarrheagenic strains belong to group A
and B1 whereas extra-intestinal E. coli strains belong to
group B2 and D 7, Bovine E. coli mastitis isolates had been

INTRODUCTION

Escherichia coli is the most common pathogen of
acute bovine mastitis worldwide 3. Clinical signs of E.
coli mastitis differ from severe or even fatal forms to mild
mastitis. Association between the virulence factors of the
isolate and the clinical severity of mastitis has not been
clarified, yet B,

Escherichia coli have a clonal genetic structure with a
low level of recombination which leads E. coli strains to
be grouped. These groups also have the same phenotypic

shown to belong to phylogroup A, mostly constituted
commensal (non-pathogenic) strains 1%, For determining
the new phylogroups in 2013, Clermont et al™ improved
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their former method ™ and developed a new quadruplex-
PCR by using additional arpA gene target to chuA, yjaA,
TspE4.C2 target genes, and also trpA target genes, and
enabled to differentiate A, B1, B2, C, D, E, F groups,
and Clade I.

Several virulence factors such as adhesion, invasion,
capsule production, ability to resist serum complement,
siderophores were determined from pathogenic E. coli
isolated in case of diarrhea, septicemia and meningitis,
infection of urinary tract, and mastitis. Virulence factors
of E. coli have different functions which formed against to
host defense system to colonize, multiply and survive in
the udder "4, Several adhesins were detected in E. coli
isolated from bovine mastitis. The family of F17 fimbriae
and afa adhesin facilitate the adherence of pathogenic E.
coli to various host tissues and mammary gland as well.
The family of F17 (F17A) fimbriae comprising F17a-A,
F17b-A, F17¢c-A and F17d-A also fimbrial adhesin afa
facilitate the adherence of E. coli to various host tissues
were frequently detected in E. coli from bovine mastitis 1315,
CS13A adhesin encoding c/pG gene has been detected
in E. coli isolates from bovine mastitis and bovine with
septicemia or diarrhea "®. Siderophores are the important
components for the virulence of E. coli strains. The presence
of virulence genes (iucABCD) encoding aerobactin iron
uptake system was reported significantly higher in E. coli
isolates from bovine mastitis than fecal isolates "7, The
traT gene encoding an outer membrane protein plays an
important role in serum resistance was reported in mastitic
milk in high proportions 8. Capsular polysaccharide gene
reported in coliform mastitis is known to be related to the
resistance to serum bactericidal activity and opsonization %,
Cytotoxic necrotizing factors (CNF) are putative virulence
factors of pathogenic E. coli strains. CNF1 and CNF2
producing isolates termed as necrotoxigenic E. coli (NTEC)
are associated with enteritis and intestinal infections, mastitis,
pneumonia and metritis 202",

The purpose of this study was to determine the phylo-
genetic groups and the most common virulence genes
(traT, F17, afa, iucC, iucD, cnfl, cnf2, clpg, kps) of E. coli
strains isolated from acute bovine mastitis.

MATERIAL and METHODS

Escherichia coli Strains

A total of 155 E. coli strains was isolated from acute
bovine mastitis and identified according to conventional
biochemical tests 2. Escherichia coli positive control strains
for phylogrouping were obtained from culture collection
of Ankara University Faculty of Veterinary Medicine
Department of Microbiology. Salmonella Typhimurium
2696 for traT, E. coli AVMC95-03 for F17; E. coli AVMC95-07
for cnf1; E. coli S5 for cnf2; E. coli 31A for clpg; E. coli AVMC95-
05 for afa; E. coli U9-41 for kps; E. coli AVMC95-18 for iucD
and iucC were used as positive control strains for PCR.

Determination of Phylogroups and Virulence Genes

DNA extraction from E. coli strains was performed by
DNA isolation kit (QlAamp DNA Mini Kit; Qiagen, Cat no:
51104) according to the manufacturer’s instructions.
Isolated DNAs were served as template for determining
phylogroups and virulence genes of E. coli. PCR for
determining the phylogroups of E. coli was performed as
previously described by Clermont et al.l'".

The genes of jucD, and cnfl were examined by a
multiplex PCR as described by Yamamoto et al?®. The iucC
gene was analyzed by PCR as described by Bingen et al.**.
The presence of F17 and clpG genes were analyzed by PCR
as stated by Bertin et al' and Bertin et al'®, respectively.
Cnf2 gene was determined by the procedure described
by Kaipainen et al'¥. The PCR procedures described by
Yamamoto et al.”® and Johnson et al.”, previously were
used to determine afa and kps, respectively. The PCR
products were analyzed in 1.5% agarose gel containing
ethidium bromide. The oligonucleotide primers used for
amplification of the genes and expected size of products
were presented in Table 1.

RESULTS

Of 155 E. coli isolates examined by Quadruplex-PCR [
from bovine mastitis, 71 (45.2%) were found to belong to
group B and 58 (37.4%) were found to belong to group C.
Nine (5.7%) E. coli isolates were determined in group A, 2
(1.2%), 14 (8.9%), and 1 (0.6%) E. coli isolates were found to
belong to groups D, E, and F, respectively (Table 2).

Among the isolates, 148 out of 155 possess either
one or more virulence factors examined in the study. The
virulence genes associated with adhesion (clpg, F17, afa),

Table 1. Oligonucleotide primers used to determine the virulence genes

PCR
Gene | Primer Sequence Product | References
Size (bp)
IpG GGGCGCTCTCTCCTTCAAC 402 Bertin et
P CGCCCTAATTGCTGGCGAC al.'®
nfl AAGATGGAGTTTCCTATGCAGGAG 498 Yamamoto
CATTCAGAGTCCTGCCCTCATTATT etal?
nf2 ACTGAAGAAGAAGCTGGGAATA 654 Kaipainen
ATAAGTTGAGCCGAGCGAGG etall?
F17 GCAGAAAATTCAATTTATCCTTGG 537 Bertin et
CTGATAAGCGATGGTGTAATTAAC al.h4
iucD TACCGGATTGTCATATGCAGACCG 602 Yamamoto
U AATATCTTCCTCCAGTCCGGAGAAG etal®
iucC AAACCTGGCTTACGCAACTGT 269 Bingen et
ACCCGTCTGCAAATCATGGAT al.4
traT GATGGCTGAACCGTGGTTATG 307 Kaipainen
CACACGGGTCTGGTATTTATGC etall
kps GCGCATTTGCTGATACTGTTG 272 Johnson et
P CATCAGACGATAAGCATGAGCA al.®
afa GCTGGGCAGCAAACTATAACTCTC 750 Yamamoto
CATCAAGCTGTTTGTTCGTCGCCG etal®
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Table 2. Phylogroup distribution of E. coli strains (number ‘N’ and percentage ‘%’)

Parameter

Phylogroups

A

B1

C

D

F

N of isolates and (%)

9(5.73)

71 (45.2)

58 (37.4)

2(1.27)

14 (8.91)

1(0.63)

Table 3. Frequency of virulence genes among each phylogroups of E. coli

Gene Number Positive Isolates Number of Virulence Genes Among Each Phylogroups
(n=155) and Percentage (%) A B1 C D E F
traT 103 (66.4) 4 52 36 1 9 1
cnf2 4(2.5) 0 3 0 0 1 0
afa 15 (9.6) 1 8 4 0 1 1
iucD 9(5.8) 0 4 5 0 0 0
iucC 9(5.8) 1 3 5 0 0 0
clpg 1(0.6) 0 0 0 0 0 1
kps 2(1.2) 0 0 0 1 1 0
F17 5(3.2) 0 2 2 0 1 0
cnf1 0 (0) 0 0 0 0 0 0

Table 4. Patterns of virulence factors within each phylogroups

Group Number of Isolates Patterns of Virulence Genes
B1 1 traT, iucC, iucD, afa,
B1 1 traT, iucC, afa
B1 1 traT, iucC, iucD
B1 5 traT, afa
B1 2 traT, F17
B1 2 traT, cnf2
C 2 traT, iucC, iucD, F17
C 3 traT, iucC, iucD
C 4 traT, afa
C 1 traT, iucD
E 1 traT, cnf2, afa
E 1 traT, kps
E 1 traT, F17
A 1 traT, afa, iucC
F 1 traT, afa, clpg

aerobactin production (iucC, jucD), cytotoxic necrotizing
factors (cnfl, cnf2), capsule production (kps), and serum
resistance (traT) were found to be with a range of 0.6%-
66.4%. None of the isolates were had cnfl gene. The most
prevalent virulence gene from acute bovine mastitis
was traT, coding serum resistance with a percentage of
66.4. The genes associated with adhesion were ranging
from 0.6% to 9.6%. Each aerobactine production genes
were determined to be 5.8%. The remaining virulence
genes, cnf2 and kps were determined as 2.5% and 1.2%,
respectively. The distribution of virulence genes among
the phylogroups were summarized in Table 3 in detail.

The combination of virulence factors with phylogroups
determined in the study was shown in Table 4.

DISCUSSION

The most prevalent phylogroups determined in this
study were B1 and C according to Clermont et al.''s
phylogrouping. Following dominant phylogroups from
acute bovine mastitis in this study were determined as E
and A phylogroups. The least two phylogroups determined
from acute bovine mastitis were found to be D and F.
Most of the commensal and intestinal strains have been
reported as group A and B1, extra-intestinal E. coli strains
belonged to group B2 and D in other studies 7. In the
previous studies, bovine mastitis isolates have been
generally belonged to A and B1 groups #2228 However,
phylogroup C was defined to be closely related to, but
distinct from B1 39, Phylogroup E was designated as
comprising the unassigned strains of O157:H7 which is
enterohemorrhagic classified under intestinal pathogenic
E. coli ", According to the results of this study, most of E.
coli isolates from bovine acute mastitis were determined
as commensal and intestinal origin in compatible with the
previous studies 7239, Newly designated phylogroup F has
been termed as a sister group to phylogroup B2 5% Hence,
two isolates in pylogroup D and 1 isolate in phylogroup F
were found to be extra-intesinal E. coli in this study. Due to
being the first time for reporting phylogroups C, E, F from
acute bovine mastitis, we could not compare the newly
designated phylogroups of mastitic bovine E. coli.

Several panels of virulence factors have been studied in
the previous studies ='2182831 The most common studied
virulence genes representing pathogenic potential were
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choosen in the study. Among the virulence genes examined,
except traT, the remaining virulence factor genes; cnf2,
cnf11, iucD, iucC, afa, F17, clpg, kps, were found to be
uncommon among the E. coli isolates.

Serum resistance is the most studied and commonly
reported virulence factor related to bovine mastitis with a
range of 16.7% and 99.5% 12182831331 |n our study, 66.4% of
E. coli isolates were determined to have traT gene which
causes serum resistance. There are two controversial views
about traT gene. One of them assumes that the presence
traT gene in a high proportion of mastitis isolates may
indicate a role of traT in the pathogenesis of mastitis
caused by E. coli and other mastitis pathogen species as
well B4, The second one assumes that serum resistance has
not been attributed only to mastitis, also environmental
strains may carry traT gene "'\ In this respect, the first
assumption is more logical that traT is necessary for
virulence in the mammary gland.

The prevalence of cnf2 found in E. coli strains isolated
from bovine mastitis was with a range of 3%-17% 13122735,
In this study, cnfl gene was not detected in E. coli isolates
from bovine mastitis whereas 2.5% of the isolates were
found to be cnf2 positive. Similar result was previously
described by Kaipainen et al'? that cnfl was far less
prevalent than cnf2 in bovine E. coli strains. Although cnf2
and cnfl genes were investigated in mastitic bovine E.
coli isolates, the role of cnf toxins in the pathogenesis of
bovine mastitis is not clarified, but supposed be associated
with urinary tract infections and meningitis.

Siderophores are one of the most commonly studied
virulence factors >3, Each iucD and iucC genes, responsible
for aerobactin production were found to be 5.80% positive.
In previous studies, ratio of the presence of aerobactin
genes were determined to be approximately 20% 01172736,
Taking into account of iron acquisition in the pathogenesis
of systemic infections, siderophores are well-defined
virulence factors in Gram(-) bacteria acquiring iron and
enhances the pathogenicity of the microorganism 57,
Aerobactins enables E. coli to acquire iron from lactoferrin
and iron binding protein in milk, subsequently multiply and
cause mastitis. In this study, aerobactin rate was expected
to be high within the E. coli isolates due to importance
acquisition of iron from lactoferrin. However, our findings
overlapping a previous study performed by Linggood
et al.k® showed that aerobactin is probably not involved
in the virulence of E. coli isolated from bovine mastitis.
We also examined whether the genes (F17, clpg, and
afa) encoding adhesion proteins were necessary for the
pathogenesis of E. coli isolated from acute bovine mastitis
or not. F17 and clpg genes were reported to be relevant in
E. coli isolates from bovine mastitis '*153%, The prevalence
of F17 related gene in other countries from bovine mastitis
were reported to be 1% % to 20.4% . The prevalence of
clpg gene from bovine mastitis was determined between
0.78%-29.62% in the previous studies 3%, In the study,

virulence genes, afa, clpg, F17 encoding adhesions were
found with a range of 0.6%-9.6%. The low prevalence
of these genes encoding adhesion proteins from acute
bovine mastitis was interpreted as attachment of bacteria
to mammary epithelium may have a less importance in the
pathogenesis of acute bovine mastitis “%. Unless adherence
to epithelial tissue of mammary gland, E. coli can adjust
metabolically to mammary secretion. The last virulence
gene, kps, examined in the study was determined in two
E. coli isolates. In compatible with our result, Fernandes
et al®® reported only one isolate possessing kps gene.

The agent features of E. coli comprising ability to utilize
lactose as an energy source and survive in the mammary
gland though the oxygen tension is very low, makes itself
possible to cause mastitis. Peracute infections due to E. coli
will not be explained with the role of expected virulence
factors such as adhesion proteins, siderophores, cytotoxic
necrozan factors, in the pathogenesis of infection. The
possible candidate virulence factor for the pathogenesis of
bovine mastitis is endotoxin which does not directly effect
the secretory cell but distrups the blood flow “" and cause
decreased milk production by systemic and local effects
of itself 12,

As a conclusion, the results obtained in this study
indicate that neither a specific set of virulence factors
nor any phylogroup-virulence factor association was
determined in compatible with the former studies 5121327,
Phylogroups C, E, F were found to be as new phylogroups
for the first time in acute bovine mastitis cases.
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Abstract

The aim of this study was to investigate the protective effect of Viburnum opulus L. fruit extract against ischemia/reperfusion (I/R)-induced oxidative stress
during the lung transplantation. For this purpose, 30 female rats were firstly randomized to form of donor and recipients. After then, the rats were divided into
three groups named as control, I/R, and V. opulus + I/R. Experimental rats were subjected to lung transplantation with ischemia followed by 2 h of reperfusion.
Transplantation-related lung injury was evaluated by multiple parameters. A significant decrease was observed in the enzyme activities of superoxide dismutase
(SOD), glutathione peroxidase (GPx) and catalase (CAT), and the levels of glutathione and total antioxidant status (TAS), whereas the levels of malondialdehyde
(MDA), total oxidant status (TOS), and protein carbonyl were significantly increased in lung tissue samples of I/R group in comparison to the control group.
However, treatment with V. opulus fruit extract resulted in significant reduction of MDA and protein carbonyl levels and increment of the antioxidant system. In
conclusion, V. opulus fruit extract showed protective effects against I/R-induced oxidative stress during lung transplantation probably by the radical scavenging
and antioxidant activity. Therefore, this fruit extract can be efficient in the prevention of I/R-related lung toxicity.

Keywords: Oxidative Stress, Transplantation, Ischemia/Reperfusion, Antioxidant

Ratlarda Akciger Transplantasyonda Iskemi/Reperfiizyonun indiikledigi
Oksidatif Strese Karsi Viburnum opulus L. Meyve Ekstresinin Koruyucu

Etkisinin Arastiriimasi

Ozet

Bu calisma, akciger transplantasyonu sirasinda iskemi/reperflizyonun indikledigi oksidatif hasara karsi Viburnum opulus L. meyve ekstresinin koruyucu etkisini
arastirmak amaciyla yapilmistir. Bu amagla, ilk olarak donér ve alici olusturmak igin 30 disi rat rastgele secildi. Daha sonra, ratlar kontrol, I/R ve V. opulus + I/R
olarak adlandirilan ti¢ gruba ayrildi. Deneysel ratlara iskeminin ardindan 2 saat reperfiizyon ile akciger transplantasyonu yapildi. Transplantasyon ile iliskili
akciger hasari, farkli parametrelerle incelendi. Kontrol grubu ile karsilastirildiginda I/R grubunun akciger doku 6rneklerinde stiperoksit dismutaz (SOD), glutatyon
peroksidaz (GPx) ve katalaz (CAT) enzim aktiviteleri, glutatyon ve total antioksidan durum (TAS) diizeylerinde 6nemli bir azalis, malondialdehit (MDA), total
oksidan durum (TOS) ve protein karbonil diizeylerinde anlamli artis belirlendi. Bununla birlikte, V. opulus meyve ekstresi ile uygulama sonrasi MDA ve protein
karbonil diizeylerinde 6nemli azalma ve antioksidan sistemde artma saptanmistir. Sonug olarak, akciger transplantasyonu sirasinda I/R'nin indukledigi oksidatif
strese karsi V. opulus meyve ekstresinin muhtemel radikal temizleme ve antioksidan aktivitesi ile koruyucu etkilerinin oldugunu gdstermistir. Bu nedenle, bu
meyve ekstresi I/R iliskili akciger hasarinin 6nlenmesinde etkili olabilir.

Anahtar sézciikler: Oksidatif Stres, Transplantasyon, Iskemi/Reperfiizyon, Antioksidan
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INTRODUCTION

Lung transplantation has become an effective
therapeutic option in the treatment of patients with
various end-stage pulmonary diseases " such as chronic
obstructive pulmonary disease, idiopathic pulmonary
fibrosis, cystic fibrosis, bronchiectasis, and primary
pulmonary hypertension @, Lung injury induced by
ischemia-reperfusion (I/R) can lead to severe primary
graft failure with about 60% mortality after lung trans-
plantation B, Although, there are significant improve-
ments in surgical techniques, lung preservation, donor
management and immunosuppressive strategies 7, I/R
injury occurs in up to 22% of patients and is still the main
cause of death within the first month of surgery ©. I/R
injury causes oxidative stress characterized by production
of reactive oxygen species (ROS) such as superoxide anion,
hydrogen peroxide, hydroxyl radicals, and hypochlorous
acid ©'9, which potentially can be more detrimental than
its local effects ',

In recent times, there is an attention for the significance
of antioxidant substances such as phenolic compounds
present in the plants "%, which provide protection against
toxic free radicals due to their radical scavenger activities
and have therapeutically beneficial effects on human
health I3,

Viburnum opulus L. is known as “Gilaburu” in Turkey
and “Guilder rose” in Europe M. V. opulus growing in
Turkey have been so far reported to possess several bio-
logical activities, including antioxidant, hepatoprotective,
hypoglycemic, antinociceptive, and antiinflammatory
effects '\, It has been traditionally used to prevent the
formation of kidney stone ['®l. Phenolic acids such as
hydroxybenzoic acids, tannins, coumarins, cathechols,
iridoid glycosides, antocyanins, ascorbic acid, chlorogenic
acid, salicin, (+)-catechin, (-)-epicatechin, cyanidin-3
glucoside, cyanidin-3-rutinoside, and quercetin >
were determined in the composition of V. opulus fruit
extract.

V. opulus fruit is known to have an important
antioxidant effect, including strong radical scavenging
activity 28, Therefore, the objective of this study was
to investigate the possible protective effects of V. opulus
fruit extract against I/R-induced oxidative stress during
the lung transplantation. Lung injuries were assessed
by multiple parameters, including measurements of
oxidative stress markers [superoxide dismutase (SOD),
glutathione peroxidase (GPx), catalase (CAT), total
glutathione, malondialdehyde (MDA), protein carbonyl,
total antioxidant status (TAS), total oxidant status
(TOS)], oxygenation index (arterial oxygen tension/
inspired oxygen concentration ratio-PaO,/FiO,), wet/
dry weight ratio of transplanted lungs, and histologic
examination.

MATERIAL and METHODS

Chemicals

All reagents used in this study were analytical grade
and obtained from Sigma Chemical Co. (St. Louis, MO,
USA) and Merck (Darmstadt, Germany). TOS and TAS Kkits
were purchased from Rel Assay Diagnostic (Turkey). Total
glutathione and protein carbonyl kits were purchased
from Cayman (Ann Arbor, M, USA).

Plant Material and Preparation of Extract

V. opulus fruits were collected after full maturation in
September 2014 from city of Kayseri in Turkey. Air-dried
and powdered fruits (100 g) were macerated in methanol
for 3 days. Sample was then filtered through Whatman
No 1 papers in a Buchner funnel. The macerates were
evaporated in-vacuo until dryness and lyophilized.

Estimation of Total Phenolic Content and
Identification with LC-MS/MS

Total phenolic content was estimated quantitatively
using the method described by Jindal and Singh 9. A
standard curve was prepared by using different concentra-
tions (0.1-100 mg/mL) of gallic acid and used for the
determination of total phenolic compounds content
(mg gallic acid equivalent-GAE/g extract).

In order to identify the active phenolic compounds
present in V. opulus aqueous methanol (70%) extract,
UPLC-MS/MS with an electrospray ionisation (ESI) was
utilized. UPLC-ESI-MS/MS analyses were performed on
an UPLC instrument with Q-trap mass spectrometer
(Shimadzu, Japan). The system was operated using
LabSolutions software. The flow rate was 0.2 mL/min
and mobile phase was mixture of A (1% acetic acid in
water) and B (1% acetic acid in methanol). Ultrahigh pure
helium (He) and high purity nitrogen (N,) were used
as collision and nebulising gases, respectively. The mass
spectrometer was operated in negative ionisation mode,
and mass spectra were recorded between 100 and
1.000 amu.

Animals and Experimental Groups

All procedures performed on animals were in accordance
with the European Union Directive 2010/63/EU for care and
use of laboratory animals. The experiment protocol was
approved by the Ethical Committee for Animal Research at
Erciyes University (Approval date: 13.03.2013; no: 13/52).
Thirty female Wistar albino rats (weighing 250-300 g) were
used in our study. They were housed in individual cages
under standard laboratory conditions (12 h/12 h light/dark
cycle, 22-24°C temperature and 55-60% relative humidity).
A commercial pellet diet (2.600 kcal/kg metabolic energy,
7% crude fiber and 23% crude protein) and fresh drinking
water were given ad libitum.
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At the beginning, 30 female Wistar albino rats were
randomized to form of donor (n=12) and recipients (n=18).
After then, the rats were divided into groups as follows;
control group (n=6), I/R (n=6), and V. opulus-treated I/R
(VO+I/R) (n=6). In the control group, we obtained samples
from the left lung lower lobe without any additional
procedure for biochemical and histopathological evaluation.

Surgical Procedures

Lung transplantation was performed as reported
previously by Yucel et al.?®. In the donor group, left upper
lobectomy was performed and the left lower lobe was
removed as an allograft with the following procedures: The
rats were anesthetized with an intraperitoneal injection
of 75 mg/kg ketamine and 10 mg/kg xylazin combination.
The rats were shaved after induction and fixed in a supine
position. Each rat was heparinized intravenously (15 U).
Following midline incision, tracheostomy was performed.
Ventilation was maintained with tidal volume of 1.5 mL
room air at 60 breaths/min and the positive end expiratory
pressure (PEEP) of 2 cm-H,0. Median sternotomy incision
was used for opening the thoracic cavity. Left pulmonary
artery, vein and bronchus were exposed by dissecting left
hilar region. The upper lobe branches of pulmonary artery
and vein were tied with 5/0 free silk suture and cut. The left
upper lobe bronchus was tied with 4/0 free silk suture and
cut. So, left upper lobectomy was completed. Following
left upper lobectomy, pulmonary artery and vein of left
lower lobe were catheterized in the peripheral direction.
Placed catheters were fixed with 4/0 free silk suture and
then left lower lobe artery, vein, and bronchus were tied
and cut. After completion of the removal of allograft lung
tissue, a catheter was placed in the left lower lobe bronchus
to provide a three-way flow. The first line was fixed in the
left lower lobe bronchus. The second line is attached to
the intrabronchial pressure gauge. The last line was fixed
to ventilation balloon. The washing process of the left
lower lobe was performed by giving Euro-Collins solution
at pressure of 1.5 cm H,0 to artery catheter of left lung
lower lobe. During the washing process, it was manually
reventilated with not exceeding 0.2 mL of room air, 60
breathes/min, and PEEP of 1.5 cm H,O from the left lower
lobe bronchus. The allograft lung tissue was immersed in
the +4°C Euro-Collins solution for 24 h in a half-inflated
manner. Donor group were sacrificed by infusing a lethal
dose of anesthetics afterwards. Six of the donor lungs were
reperfused and reventilated in I/R group and the other six
were reperfused and reventilated in VO + I/R group.

I/R Group: Left lower lobectomy was performed in I/R
group, after left upper lobectomy. Thus, left pneumonectomy
was completed. Unlike the subject of the donor group,
pulmonary artery and vein were catheterized in the
proximal direction. Placed catheters were fixed with 4/0
free silk suture and then left lower lobe of artery, vein,
and bronchus were tied and cut. Thus, the catheterization
was completed. After catheterization, the allograft left

lower lobe was reventilated and reperfused for two
hours. Catheter in the pulmonary artery of lung obtained
from donor was combined with the placed one in the
pulmonary artery of left lung lower lobe. Again, catheter in
the pulmonary vein of left lower lobe obtained from donor
was combined with the placed one in the pulmonary vein
of left lung lower lobe. After the anastomosis process,
reperfusion was allowed. Simultaneously, the animals were
manually reventilated not to exceed 1.2 mL of room air,
60 breaths/min, and PEEP pressure of 1.5 cm H,0O with the
help of ventilation device. Also, allograft lung tissue was
manually reventilated not to exceed 0.2 mL of room air, 60
breathes/min, and PEEP pressure of 1.5 cm H,O with the
help of ventilation device. The reperfusion and ventilation
was continued for 2 h. After 2 h, the allograft lungs were
sampled for histopathological and biochemical tests.

VO+I/R Group: After the left upper lobectomy as in
I/R group, the subjects’ left lower lobe pulmonary artery
and vein were catheterized. Unlike subjects in I/R group,
V. opulus fruit extract (200 mg/kg) was administered
intraperitoneally to both this group (the recipient) and
six subjects of the donors group 3 h before anesthesia B
Immediately after the lung transplantation, recipients
was given again the same dose of the fruit extract intra-
peritoneally. The rats were reperfused and reventilated as
in the I/R group and tissue sampling was performed for
pathologic and biochemical examinations.

Tissue and Blood Sample Collection and Preparation

After 2 h reperfusion, blood was sampled from the
right carotid artery after 10 min of ventilation, followed
by immediate blood gas analysis. Blood samples were
centrifuged at 1.000 g for 10 min to separate plasma.
The plasma samples were stored at -80°C until analysis of
TAS, TOS, and protein carbonyl using ELISA reader (Biotek
Synergy HT, Vermont, USA).

Lung samples were homogenized in ten volumes of
ice-cold 140 mM KCl and Tris-HCI buffer (50 mM, pH 7.6)
using a homogenizer (IKA Ultra-Turrax T10 basic model,
Germany) for 2 min at 13.000 rpm. The total glutathione
and MDA levels were determined in the tissue
homogenates by using spectrophotometer (UV-1800,
Shimadzu Co., Kyoto, Japan). The homogenates were
then centrifuged at 5.000 g for 60 min to remove debris.
Clear supernatant was used for SOD, GPx, and CAT enzyme
activity assays. Protein content in tissue homogenate and
supernatant was measured according to the method of
Lowry et al.?",

Analyses of Oxidative Stress Parameters

SOD activity was measured as described by
Fitzgerald et al.??, Briefly, the tissue samples were diluted
with 10 mM phosphate buffer, pH 7.0. 25 uL aliquots
were mixed with 850 pL of substrate solution containing
0.05 mmol/L xanthine sodium and 0.025 mmol/L
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2-(4-iodophenyl)-3-(4-nitrophenol) 5-phenyltetrazolium
chloride (INT) in a buffer solution containing 50 mmol/L
CAPS (3-(cyclohexylaminol)-1-propanesulfonic acid) and
0.094 mmol/L EDTA (pH 10.2). To the mixture, 125 uL
xanthine oxidase (80 U/L) was added and then the
increase of absorbance was recorded by spectrophoto-
meter at 505 nm for 3 min. SOD activity was expressed in
U/mg protein.

GPx activity was measured as previously described
by Pleban et al.””®\, Briefly, a reaction mixture containing
1 mmol/L Na,EDTA, 2 mmol/L reduced glutathione, 0.2
mmol/L NADPH, 4 mmol/L sodium azide and 1.000 U
glutathione reductase in 50 mmol/L Tris buffer (pH 7.6)
was prepared. 20 uL of tissue samples and 980 pL of the
reaction mixture were mixed and incubated for 5 min at
37°C. The reaction was initiated by adding 8.8 mmol/L
hydrogen peroxide (H,0,) and the decrease of absorbance
recorded at 340 nm was monitored by spectrophotometer
for 3 min. GPx activity was expressed in U/mg protein.

CAT activity was measured in tissue samples at 25°C
by the method of Aebi ?*. The decomposition rate of
the substrate H,0, was monitored spectrophotometrically
at 240 nm for 30 sec. The activity was expressed as U/
mg protein.

Lipid peroxidation was estimated by measurement
of MDA in tissue samples by the method described by
Ohkawa et al.?. After reaction of MDA with thiobarbituric
acid reactive substances (TBARS), the reaction product
was followed spectrophotometrically at 532 nm, using
tetramethoxypropane as a standard. The results were
expressed as nmol/mg protein.

For the estimation of glutathione (GSH) levels in tissue
samples, a commercial kit based on the enzymatic recycling
method was utilized. The assay was based on the reaction
of sulfhydryl group of glutathione with 5,5-dithio-
bis-2-nitrobenzoic acid (DTNB, Ellman's reagent)
resulting in the production of 5-thio-2-nitrobenzoic
acid (TNB). The disulfide formed between GSH and TNB
was then reduced by glutathione reductase to recycle
the GSH and produce TNB. Since the rate of TNB production
is directly proportional to concentration of GSH in the
sample, the absorbance of TNB was measured at 412 nm
to evaluate total glutathione. Tissue homogenates were
deproteinated using 10% metaphosphoric acid and pH
was adjusted with 4M triethanolamine before assay. The
results were expressed as pmol/g tissue.

Protein carbonyl levels were analyzed in the
plasma samples based on the reaction between 2,4-
dinitrophenylhydrazine and protein carbonyls using a
commercially available kit. The absorbance of resulting
protein-hydrazone was measured at 370 nm as described
by the manufacturer. Following standardization to
the related protein concentration for each sample, the

carbonyl content was expressed as nmol/mg protein.

TAS and TOS assays developed by Erel 2% were carried
out by commercially available kits in plasma samples.
Principle of the assay for TAS levels is as follows; anti-
oxidants in the samples reduce dark blue-green colored
2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
radical to colorless reduced ABTS form. The change of
absorbance at 660 nm is related with total antioxidant level
of the sample. The results were expressed as pmol Trolox
equivalent (eq)/mg protein. TOS measurement is based on
the oxidation of the ferrous ion-o-dianisidine complex to
ferric ion by the oxidants present in the sample. The
ferric ion forms a colored complex with xylenol orange
in an acidic medium. The color intensity, measured
spectro-photometrically, is related to the total amount of
oxidant molecules present in the sample. The results were
expressed pumol H,O, eq/mg protein. The percent ratio of
TOS to TAS was used as OSI, an indicator of the degree of
oxidative stress. The OSI value was calculated as follows:
OSI = [(TOS, umol H,0, eq/mg protein)/(TAS, umol Trolox
eq/mg protein) x 100].

Oxygenation Index (PaO,/FiO,)

Oxygenation index was measured by blood gas analysis
of blood samples from either the right carotid artery or
the left pulmonary vein.

Wet/Dry Weight Ratio of Transplanted Lungs

Transplanted left lungs removed at 2 h after the
reperfusion were sliced into 3 parts. After the upper one
third was weighed immediately, it was dried at 80°C for
48 h to calculate the wet/dry weight ratio.

Histologic Examination

A tissue sample from the middle of the trans-
planted lung was fixed in formalin, embedded in paraffin,
and stained with hematoxylin and eosin. The severity
of lung injury was scored based on alveolar edema and
congestion, interstitial edema and congestion, neutrophil
infiltration. Histopathological changes were graded
as follows: (0) absent, (1) mild, (2) moderate, (3) severe
injury, respectively. For each lung tissue sample,
the final value was the mean of the scores for the 3
separate slides 271,

Statistical Analysis

Analysis of the data was performed by using Statistical
Package for the Social Sciences (SPSS version 18.0 for
Windows, Chicago, IL, USA). The comparison of the results
among different groups was carried out by one-way
ANOVA and followed by Tukey multiple comparisons test.
The results were expressed as aritmetic meantstandard
deviation (SD). The values were considered statistically
significant if the P value was less than 0.05.
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RESULTS

Total Phenolic Content and Identified Compounds
of V. opulus Fruit Extract

In fruit extract, total phenolic amount was found as
67.73 mg GAE/g extract.

Compound 1-8 were identified based on the MS
fragmentation data in negative ionisation mode compared
with literature 22! as shown in Table 1.

Oxidative Stress Parameters

As presented in Fig. 1A, the SOD activity in group of I/R
(1.65+0.33 U/mg protein) was significantly lower than that

in groups of control (3.6+0.37 U/mg protein) and VO+I/R
(3.31£0.43 U/mg protein) (P<0.05). However, treatment
with V. opulus markedly improved this effect as compared
with I/R group (P<0.05). The GPx activity in I/R group
(1.4240.29 U/mg protein) was markedly lower than that
of the control (3.18+0.25 U/mg protein) group and VO+I/R
(2.84+0.28 U/mg protein) group (P<0.05). However, this
effect was significantly ameliorated by V. opulus-treatment
as compared to I/R group (P<0.05) as presented in Fig.
1B. There was a significant depletion in the activity of CAT
in group of I/R (17.97+£1.62 U/mg protein) compared to
control (27.02+1.41 U/mg protein) and VO+I/R (24.5+1.72
U/mg protein) groups (P<0.05) as demonstrated in Fig. 1C.
I/R resulted in a significant decrease of glutathione levels
(1.32+0.43 pmol/g tissue) compared with control group

Table 1. Identified compounds of V. opulus fruit extract by LC-MS/MS

No Molecular Mass [M-H] m/z Compound Amount (%)*
1 133 115,71 Malic acid 24.18
2 179 89, 68 Caffeic acid 3.31
3 191 111,85 Quinic acid 5.31
4 295 179,133, 89 Caffeic acid derivative 27.09
5 337 277,174 Coumaroyl-quinic acid 1.64
6 353 191 Chlorogenic acid 5.36
7 451 341,133 Not identified 1.91
8 613 295,133, 89 Not identified 2.01
* Relative amounts from total ion chromatogram
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Fig 1. Effects of V. opulus fruit extract treatment on (A) SOD, (B) GPx, (C) CAT enzyme activities, and (D) t-GSH.
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Fig 2. Effects of V. opulus fruit extract treatment on (A) MDA and (B) protein carbonyl levels. Values are indicated
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Fig 3. Effects of V. opulus fruit extract treatment on (A) TAS and (B) TOS levels. Values are indicated by mean+SD.

Table 2. The comparison of the parameters among the groups

Parameters Control I/R VO+I/R

(mean+SD) | (meantSD) | (meanxSD)
PaO./FiO, 454+18.64 354+32.54* 386+12.53*
Wet/dry weight ratio 4.98+0.23 5.66+0.91 5.39+0.69
Histological score 0.83+0.98 2.16+0.40** 0.16+0.40
*P<0.05 vs. control group; ** P<0.05 vs. VO+I/R

(2.20+0.56 umol/g tissue), while this effect was efficiently
compensated by V. opulus treatment (2.13+0.47 pmol/g
tissue) (P<0.05) as shown in Fig. 1D.

Fig. 2A shows that the lung tissue levels of MDA in I/R
group (0.74+0.09 nmol/mg protein) were significantly
higher than that in the control group (0.48+0.05 nmol/mg
protein) and VO+I/R group (0.53+0.08 nmol/mg protein).
However, V. opulus fruit extract treatment resulted in a
significant reduction in MDA levels as compared to I/R
group (P<0.05). As expected, the plasma protein carbonyl
level was significantly elevated in I/R group (0.85+0.05
nmol/mg protein) as compared with control (0.71+0.06
nmol/mg protein), and we observed that V. opulus fruit
extract-treatment counteracted this effect (0.76+0.03
nmol/mg protein) (Fig. 2B, P<0.05).

Our results indicated that plasma TAS levels were
significantly lower (P<0.05) in the group of I/R (43.02+4.75
pumol Trolox eg/mg protein) as compared to groups
of control (66.98+3.8 umol Trolox eq/mg protein) and
VO+I/R (69.59+8.9 pmol Trolox eq/mg protein) as
presented in Fig. 3A. We observed that plasma TOS
levels were significantly higher (P<0.05) in I/R group
(0.324+0.05 pmol H,0, eq/mg protein) as compared
with groups of control (0.17+0.05 pmol H,O, eq/mg
protein) and VO+I/R (0.18+£0.04 umol H,0, eg/mg
protein), while administration of V. opulus fruit extract
significantly decreased the TOS levels in VO+I/R group
as shown in Fig. 3B. The comparison of control and
I/R groups in terms of OSI% did reveal a statistically
significant difference between these groups (P<0.05).
The similar results were also observed between I/R and
VO+I/R groups.

Oxygenation Index (PaO,/FiO,)

As shown in Table 2, compared with the control group,
the PaO,/FiO, level was significantly decreased by 22%
at 2 h after reperfusion in I/R group (P<0.05). However,
when compared with I/R group, administration of V. opulus
fruit extract was able to elevate the PaO,/FiO, level
by 9% (P<0.05).
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Wet/Dry Weight Ratio of Transplanted Lungs

As an indicator of pulmonary edema, wet/dry weight
ratios were calculated. As demonstrated in Table 2, it was
seen a slight increase by 14% in wet/dry weight ratio in
group of I/R compared with the control group, but a
statistical association was not detected. On the other
hand, there was a slight decrease level by 5% in wet/dry
weight ratio in group of VO+I/R compared with I/R group.

Histopathological Findings

Histological examination of the lung tissue subjected
to I/R process showed the distinctive pattern of ischemic
injury, which included interstitial distinct congestion and
edema, widespread edema and congestion in the alveoli.
In the control group, lung tissue sections had a normal
morphology. As indicated in Table 2, treatment with V.
opulus fruit extract significantly decreased the histological
injury score in VO+I/R group compared with I/R group
(P<0.05).

DISCUSSION

In our study, I/R injury resulted in decrease of SOD,
GPx and CAT enzyme activities as well as glutathione
levels as compared with control group, while this effect
was compensated by V. opulus treatment. In line with
our findings, a report of an experimental model has
shown the beneficial effect of V. opulus treatment on the
levels of total thiols and glutathione 3% MDA elevation
shows increased lipid peroxidation due to the interaction
between lipid components of cellular membranes and
ROS BY, In the present study, we indicated that MDA level
was increased in I/R group. Administration of V. opulus
fruit extract resulted in significant reduction of tissue
MDA levels in VO+I/R group compared with I/R group. In
this study, we carried out total oxidant and antioxidant
status at the same time to more accurately evaluate
oxidative stress. We observed that plasma TOS levels were
significantly higher and TAS levels were significantly lower
in I/R group as compared to groups of control and VO+I/R.
The comparison of control and I/R groups in terms of OSI
did reveal a statistically significant difference between
these groups. The similar results were also observed
between I/R and VO+I/R groups.

Similar to other biomolecules, proteins are prone
to attacks during oxidative stress conditions. In this
context, protein carbonyls represent an irreversible form
of protein modification and are relatively stable; therefore
determination of protein carbonyl levels serves as an
overall marker of protein oxidation B2. Our study has
revealed the beneficial effect of V. opulus fruit extract-
treatment in I/R-induced oxidative stress as evidenced
by the compensation of the increase in plasma protein
carbonyl level.

Transplantation-related lung injury was showed by
decreased levels of PaO,/FiO,. The level of PaO,/FiO, was
significantly decreased at 2 h after reperfusion in I/R group
compared with the control group. However, administration
of V. opulus extract prevented the decrease in PaO,/FiO,
level. Sun et al.® found similar result with curcumin at
the early stage of post-transplantation.

In our study results were in agreement with the previous
ones. Sun et al® suggested that curcumin, which is
an active component of Curcuma longa, can be an alter-
native therapy for protecting lung transplantation-related
I/R injury. They found that there was a significant increase
in MDA level and a significant decrease in TAS levels in I/R
group compared with the control group. Pretreatment
with curcumin significantly prevented the increase in MDA
level and the decreased TAS level. In our previous study [,
we demonstrated that donor treatment with taurine
protected the lungs of rats against post-transplantation
I/R injury in respect to histopathological and biochemical
findings. Following treatment with taurine, we observed
increased activities of SOD and CAT, and decreased
MDA levels in I/R group compared with taurine-
treatment group.

It was found that V. opulus fruit extract has strong radical
scavenging activity and antioxidant effects due to its
phenolic substance contents 121518 We also determined
the active phenolic compounds such as caffeic acid
derivative and malic acid in our V. opulus fruit sample. Our
results indicated that V. opulus fruit extract administration
to animals before/during lung transplantation significantly
reduced I/R-related lung injury by preventing oxidative
damage. These results may explain that the active
compounds determined with LC-MS/MS in V. opulus fruit
extract provided the preventive effect on oxidative stress.
Some herbal drugs have been used to prevent certain
diseases due to their capacity of radical scavenging
activity "2 Liu et alB®¥ showed that Ginkgo biloba extract
had a protective effect on lung injury induced by I/R,
which may be related to its antioxidant property. Ginkgo
biloba extract markedly increased SOD activity, reduced
MDA levels. He et al.®¥ suggested the protective effects
of triptolide (Tripterygium extracts of the Chinese herb)
on I/R-induced injury of transplanted rabbit lungs.
Zayachkivska et al.®® also identified that pretreatment
with V. opulus proanthocyanidins exhibited a potent
gastroduodenoprotective effect by the suppression of
lipid peroxidation and an enhancement of SOD, CAT
activities in rats.

In conclusion, our findings showed that V. opulus
xtract indicated protective effects against I/R-induced
oxidative stress during lung transplantation probably by
the radical scavenging and antioxidant activities. Therefore,
V. opulus fruit extract can be alternative therapeutic
strategy for the prevention of I/R-related lung toxicity.
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Abstract

The purpose of this study was to explore the protective effects of different doses of rutin with the antioxidant and anti-inflammatory properties
on acute lung injury (ALI) induced by oleic acid (OA) in rats. Thirty-five Sprague-Dawley male rats were randomly separated into five groups
comprising control, rutin 150 mg, OA, rutin 75 mg + OA and rutin 150 mg + OA. In the rutin 75 mg + OA and rutin 150 mg + OA groups, the
lung malondialdehyde level (MDA) was significantly lower than that of the OA group. In the rutin 75 mg + OA and and rutin 150 mg + OA
groups, the lung GPx (glutathione peroxidase), CAT (catalase) and SOD (superoxide dismutase) activities and GSH (glutathione) levels were
significantly higher than those of the OA group, and significantly lower than those of the control group. iNOS expressions in the interstitial
parts of the lungs were significantly lower than those of the OA group. The iINOS expression was lower in the 150 mg + OA group compared
to the rutin 75 mg + OA group. It was concluded that on the ALl induced by OA, rutin had protective effects through the antioxidant and anti-
inflammatory properties and that the treatment of rutin as a supportive treatment in ALl was found to be practically useful.

Keywords: Acute lung injury, Oleic acid, Oxidative stress, Rutin

Ratlarda Oleik Asit Kaynakl Akut Akciger Hasari Uzerine Rutinin
Koruyucu Etkileri

Ozet

Bu calismanin amaci ratlarda rutinin farkli dozlarinin antioksidan ve anti-inflamatuar &zellikleri yoluyla oleik asit (OA) ile olusturulan akut
akciger hasari (ALI) tGizerine koruyucu etkilerini arastirmakti. 35 adet Sprague-Dawley erkek rat kontrol, rutin 150 mg, OA, rutin 75 mg + OA ve
rutin 150 mg + OA olmak Gizere rasgele 5 gruba ayrildi. Rutin 75 mg + OA ve rutin 150 mg + OA gruplarinda akciger malondialdehit (MDA) diizeyi
OA grubununkine gore 6nemli diizeyde dustktl. Rutin 75 mg + OA ve rutin 150 mg + OA gruplarinda akciger GPx (glutasyon peroksidaz),
CAT (katalaz), SOD (suiperoksit dismutaz) aktiviteleriile GSH (glutatyon) dlizeyleri OA grubununkilere gére 6nemli diizeyde yiiksekti ve kontrol
grubununkilere gére 6nemli diizeyde disiiktl. Rutin 75 mg + OA ve rutin 150 mg + OA gruplarinda akcigerlerin interstisyel kisimlarinda iNOS
ekspresyonlari OA grubunkilere gére 6nemli diizeyde dusutkti. OA ile olusturulan ALl'de rutinin antioksidan ve antiinflamatuvar 6zellikler
araciligiyla koruyucu etkilere sahip oldugu, ALI'de destekleyici tedavi amaciyla rutin uygulamasinin pratik olarak yararli oldugu tespit edildi.

Anahtar sézciikler: Akut akciger hasari, Oleik asit, Oksidatif stres, Rutin

INTRODUCTION in the alveolar wall thickness and histopathologic changes
containing pulmonary inflammation ™, and clinically

Acute lung injury (ALl) is a disease characterized characterized by pulmonary edema and respiratory
by edema due to intra or extra pulmonary risk factors, distress with an acute onset . Sepsis, pneumonia, shock,
hypoxemia resistant to oxygen treatment, alveolar aspiration, pancreatitis, blood transfusion, severe trauma
hemorrhage, development of hyaline membrane, increase  and the inhalation of toxic gases are all factors creating
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predisposition against ALl . The mortality rate of this
disease changes between 34-68% [, and still has no
effective pharmacological treatment . For this reason, it is
indicated that there is a necessity for the development of
new and different treatment alternatives .

In ALl, an increase in the alveolar capillary permeability,
inflammatory reactions such as polymorphic nuclear
neutrophil infiltration and proinflammatory cytokine
release M and the release of reactive oxygen species
(ROS) such as superoxide and hydroxyl radicals occur.
Even though there are little amounts ROS formed in the
physiological period, the formation of ROS in excess
amounts may result in the peroxidation of the membrane
lipids and the dysfunctioning of the biologic membranes ¥l
It is indicated that ROS and hence oxidative stress have
a very important role in the development of endothelial
damage in ALl 9, The lung tissue is protected against
oxidative stress through antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and hemeoxygenase (HO)-1 1'%,

Rutin (quercetin-3-rhamnosylglucoside) is a natural
polyphenolic flavonoid found in buckwheat germ, citrus
fruits, vegetables and herbal drinks such as wine and tea ",
It has a wide range of biologic and pharmacologic
activities such as antiinflammatory, antihypertensive, anti-
carcinogenic, vasoprotective, antioxidant, antidiabetic and
cardioprotective ''"2, These beneficial effects of rutin
are because of its high radical scavenging activity and
antioxidant capacity 3. Various methods in order to
create experimental ALl types have been developed on
laboratory animals. The primary ones of these methods are
lipopolysaccharide (LPS) ¥, acid aspiration ", surfactant
consumption with saline lavage ™, pulmonary ischemia/
reperfusion %, cecal ligation and puncturing ® and
application of oleic acid (OA) ' OA applied intravascularly
cause damage in pulmonary vascular endothelial cells and
inflammation in the lungs .

The purpose of this study is to explore the protective
effects of different doses of rutin with the antioxidant and
anti-inflammatory properties on ALl induced by OA in rats.

MATERIAL and METHODS

Animal Material

In the presented study, 35 mature male Sprague-
Dawley rats between the weights of 200-220 g were used as
animal material. The rats that were subject to normal living
standards (temperature: 24+1°C, humidity: 45+5% and 12
h light/dark cycle, feeding with standard laboratory food
and ad libitum water) were provided by Ataturk University
Medical Experimental Application and Research Center.
This study was approved by Ataturk University Animal
Experiments Local Ethical Committee (Desicion Number:
2016-1/15). Furthermore, the experimental procedure was

carried out in accordance with the International Guidelines
for the Care and Use of Laboratory Animals.

Experimental Procedure

The rats were randomly divided into five groups and
each group consisted of seven rats. The rats in Group | were
given intravenous (i.v.) sterile saline once (control group).
The rats in Group Il were given rutin (rutin hydrate, Sigma
Chemical Company, USA) orally in the doses of 150 mg/
kg/day for 7 days. The rats in Group Il were given i.v. 50 pl
OA (Cis-9-octadecenoic acid, Sigma Aldrich, Germany)
dissolved in 250 pl 1% BSA (Bovine Serum Albumin, Sigma
Aldrich, Germany) through their tail veins once. The rats in
Group IV were given rutin orally in the doses of 75 mg/kg/
day for 7 days and on the 7th day the rats were given 50
pl OA iv. through the tail veins once. The rats in Group V
were given rutin orally in the doses of 150 mg/kg/day for
7 days and on the 7th day the rats were given 50 pl OA i.v.
through the tail veins once. The rats in all of the groups
were sacrificed with decapitation under sevoflurane
anesthesia (Sevorane liquid 100%, Abbott Laboratory,
Istanbul, Turkey) 24 h after the last application.

Analysis of Oxidants and Antioxidants

The homogenization of lung tissues was performed
in a Teflon-glass homogenizer with the use of a buffer of
1.15% KCl in order to obtain a 1:10 (w/v) homogenate. The
malondialdehyde (MDA) levels in the lung homogenate
were measured by the thiobarbituric acid reaction
according to the method of Placer et al.'®. The lung CAT
activity was measured by the decomposition of hydrogen
peroxide at 240 nm according to the method of Aebi "%,
The measurement of protein concentration in the super-
natant was also performed according to the method of
Lowry et al.?%, The measurement of lung SOD activity was
performed by superoxide radical production via xanthine
and xanthine oxidase, following the reaction of nitro
blue tetrazolium and the formation of formazan dye 2",
The measurement of GSH content according to the
method of Sedlak and Lindsay ?2. The GPx activity was
measured according to the method of Matkovics et al.l*!
and is expressed as U/g of protein in the lung tissue.

Histopathological Examination

Rats were killed by decapitation. The lungs were
immediately removed, fixed in 10% neutral formalin solution
for 24-48 h, then processed to obtain paraffin blocks.
Paraffin-embedded blocks were routinely processed. 5-um
thick sections were stained with hematoxylin-eosin, and
examined under a microscope under 20X magnification.
Slides in the sections were graded as 0 (none), 1 (mild),
2 (moderate), and 3 (severe).

Immunohistochemical Examination

After deparaffinization, the slides were immersed
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in antigen retrieval solution (pH 6.0) and heated in a
microwave for 15 minutes to expose antigens. The sections
were then dipped in a 3% H,0, for 10 minutes to block
endogenous peroxides. Afterwards, they were incubated
at room temperature with polyclonal rabbit inducible
nitric oxide synthase (iNOS) antibody (cat. no. Ab48394,
dilution 1/400; Abcam, UK) for inflammation. Mouse and
rabbit specific HRP/DAB detection IHC kit was used as
follows: sections were incubated with goat anti-mouse
antibody, then with streptavidin peroxides, and finally
with 3,3’ diaminobenzidine + chromogen. Slides were
counterstained with hematoxylin. Immunoreactivity in the
sections were graded as 0 (none), 1 (mild), 2 (moderate),
and 3 (severe).

Statistical Analysis

The biochemical, histopathologic and immunohisto-
chemical parameters were analyzed with one-way ANOVA
using SPSS package program (version 20.0; SPSS, Chicago,
IL). The Duncan test was used in the comparison of the
groups. All data were presented in mean (+) standard
error of means (SEM). Differences in histopathologic and
immunohistochemical measured parameters among
the five groups were analyzed with a nonparametric test
(Kruskal-Wallis). Dual comparisons between the groups
exhibiting significant values were evaluated with a Mann-
Whitney U-test (P<0.05).

RESULTS

The lung tissue MDA levels were significantly higher in
the OA group compared to the control and rutin 150 mg
groups. The lung tissue MDA levels significantly decreased
in the rutin 75 mg + OA and rutin 150 mg + OA groups
compared to the OA group. But there were no significant
changes in the lung tissue MDA levels between the rutin
150 mg + OA group and the control group. The lung tissue
MDA levels were significantly higher in the rutin 75 mg + OA
group compared to the rutin 150 mg + OA group (Table 1).

The lung tissue GPx activity significantly decreased
in the OA group compared to the control and rutin 150

mg groups. The lung tissue GPx activity significantly
increased in the rutin 150 mg + OA group compared to
the OA group. But there were no significant changes in the
lung tissue GPx activities between the rutin 150 mg + OA
group and the control group. The lung tissue GPx activities
were significantly higher in the rutin 150 mg + OA group
compared to the rutin 75 mg + OA group (Table 1).

The lung tissue GSH level significantly decreased in
the OA group compared to the control and rutin 150 mg
groups. The lung tissue GSH levels significantly increased
in the rutin 150 mg + OA group compared to the OA group,
but significantly decreased compared to the control group.
There were no significant changes in the lung GSH levels
between the rutin 75 mg + OA group and the rutin 150 mg +
OA group (Table 1).

The lung tissue CAT activity significantly decreased in
the OA group when compared to the control and rutin
150 mg groups. The lung tissue CAT activity significantly
increased in the rutin 150 mg + OA group compared to
the OA group. There were no significant changes in the
lung tissue CAT activity between the rutin 150 mg + OA
group and the control group. Furthermore, there were
no differences in the lung tissue CAT activity between the
rutin 150 mg + OA group and the rutin 75 mg + OA group
(Table 1).

The lung tissue SOD activity significantly decreased in
the OA group compared to the control and rutin 150 mg
groups. The lung tissue SOD activity significantly increased
in the rutin 150 mg + OA group compared to the OA group.
There were no significant changes in the lung tissue SOD
activity between the rutin 150 mg + OA group and the
control group. There was a significant increase in the lung
SOD activities in the rutin 150 mg + OA group compared
to the rutin 75 mg + OA group (Table 1).

Histopathologic Evaluation

It was observed that the lung structures in the control
and rutin 150 mg groups were normal (Fig. 1A-B). Severe
inflammatory cell infiltrations and hemorrhagia were
observed in the interstitial areas of the OA group (Fig.

Table 1. The MDA, GSH levels and GPx, CAT, SOD activities in the lung tissue of the rats in the groups

Groups
Parameter Group | Group Il Group Il Group IV Group V
(Control) (Rutin 150 mg) (OA) (75 mg rutin + OA) (150 mg rutin + OA)

MDA (nmol/g tissue) 51.26+1.02¢ 55.95+1.41°¢ 146.22+3.05° 63.34+1.97° 53.08+0.87¢

GPx (U/g protein) 5.90+0.22° 5.67+0.15° 3.08+0.17¢ 4.68+0.19° 5.41+0.13°

GSH (nmol/g tissue) 34.08+1.02° 35.04+0.84° 20.73+0.58¢ 24.96+0.75° 27.45+1.39°

CAT (katal/g protein) 45.74+1.40° 49.16+0.89° 30.81+0.62¢ 41.08+0.72¢ 41.99+1.26¢

SOD (U/g protein) 26.93+0.33° 30.33+0.47° 17.36+0.46¢ 22.16£1.51°¢ 26.07+0.70°
MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase, GPx: glutathione peroxidase, GSH: glutathione. “><¢ Means in rows with different
superscripts differ significantly at P<0.01. All the values are expressed as the mean+SEM of seven rats in each group
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OA group (Group V) (E), (H-E)

Fig 1. Normal histologic appearance in the control group (Group I) (A). Normal histologic appearance in the rutin
150 mg group (Group ll) (B), Severe inflammatory cell infiltrations in the interstitial areas (*) of groups that have been
treated with oleic acid (Group Ill) (C), Moderate inflammatory cell infiltrations in the interstitial areas (*) of the rutin 75
mg + OA group (Group V) (D), Moderate inflammatory cell infiltrations in the interstitial areas (*) of the rutin 150 mg +

Table 2. Evaluation of the inflammatory cell infiltrations and hemorrhage in the lung tissue samples of the groups under a light microscope with x20

magpnification: 0 (none), 1 (light), 2 (moderate), 3 (severe)

Groups
Histopathologic Findings Group | Group I Group Il Group IV Group V
(Control) (Rutin 150 mg) (OA) (75 mg rutin + OA) | (150 mg rutin + OA)
Inflammatory cell infiltrations and hemorrhage 0.14+0.14° 0.14+0.14° 2.85+0.14° 2.14+0.14¢ 2.28+0.18¢
All data were presented in mean (%) standard error of means (SEM)-**< P<0.05 versus other groups

1C). The severity of the inflammatory cell infiltrations
and hemorrhage in ALl induced by OA were significantly
decreased in the rutin 75 mg + OA and rutin 150 mg + OA
groups (Fig. 1D-E, Table 2).

Immunohistochemical Evaluation

The lung iNOS, which is used as an inflammatory

marker, were expressed in low levels in the lungs of the
rats in the control and rutin 150 mg groups (Fig. 2A-B, Table
3). The lung iNOS was severely expressed in the interstitial
areas in the OA group, and the lung iNOS expression in the
interstitial areas was significantly decreased in the rutin 75
mg + OA and rutin 150 mg + OA groups compared to the
OA group. The lung iNOS expression was lower in the rutin
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Fig 2. iNOS expressions. Low in the control group (Group I)(A), low in the rutin 150 mg group (Group II) (B), Severe in
OA group (Group lll) (C), Moderate in the rutin 75 mg + OA group (Group IV) (D), Low in the rutin 150 mg + OA group
(Group V) (E) (arrowheads) (IHC)

Table 3. Inmunopositivity of iINOS in the lung tissues of rats

Groups
Immunostaining Group | Group Il Group Il Group IV Group V
(Control) (Rutin 150 mg) (OA) (75 mg rutin + OA) (150 mg rutin + OA)
iNOS 1.00+0.21° 1.14+0.14° 2.85+0.14° 2.14+0.14¢ 1.4240.20¢
All data were presented in mean (+) standard error of means (SEM) %<2 P<0.05 versus other groups

150 mg + OA group compared to the rutin 75 mg + OA (Fig.
2C-E, Table 3).

DISCUSSION

Because the morphologic, cellular and functional
changes caused by the intravenous treatment of OA are
similar to those of ALI, OA treatment in experimental
studies in order to research the therapeutic effects of

different agents on ALl is quite a common method 2%,
There are many studies where OA is used to form ALl in
many species such as rat !, mouse ['”}, dog 2% and rabbit 27,
Nonenzymatic lipid peroxidation is an important point
in the oxidative stress related cellular damage caused
by free radicals. MDA, which is the last product of lipid
peroxidation, is a good indicator of cellular damage caused
by free radicals and oxidative stress 2. Koksel et al.” have
indicated the increased MDA levels and the development
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of oxidative stress in rats with ALl induced by OA. The same
results have been determined in various other studies 629,
In the present study in conformity with the results of
Koksel et al.* it was determined that the MDA level in the
OA group was significantly higher than that of the control
group. The MDA increase in the rat brains and kidneys
caused by ischemia-reperfusion has been reported to be
lessened by rutin 3% Furthermore, it was determined
that the increase in MDA level caused by -amyloid 42
in BV-2 cells reduced by rutin B, It was found in this
study that although the lung MDA level of the rutin 75
mg + OA and rutin 150 mg + OA groups significantly
decreased compared to that of the OA group, it still
was very high compared to that of the control group.
Similarly, Yeh et al.®? have determined that rutin has an
inhibiting effect on the lipid peroxidation of rats with ALI
induced by LPS.

Under normal physiological circumstances, cellular
defense against oxidative damage is provided through
various mechanisms and antioxidant molecules such
as SOD, CAT, GSH, and GPx B3 |t is indicated that the
antioxidant enzymes are consumed during ALl 34, This
result was supported in the presented study where the
GSH level and the GPx, CAT and SOD activities of the lung
tissue in the OA group were significantly lower compared
to those in the control and rutin 150 mg groups. It is
indicated that rutin is an antilipoperoxidant agent 5% and a
strong free radical scavenging B¢, Rutin has been indicated
to increase the levels of SOD and CAT in rats with cerebral
ischemia-reperfusion 7., Furthermore, rutin treatment has
been indicated to increase the SOD, CAT and GPx activities
in neurotoxicity ¥, liver damage %, renal damage “® and
testicular damage ¥". Similarly, Yeh et al*? have determined
that rutin increases the SOD, CAT and GPx activities in
rats with ALl induced by LPS. Also, Martinez et al.*? have
revealed that quercetin has anti-inflammatory effect via
antioxidant activity on lung injury induced by bleomycin
in hamster. Inducible nitric oxide synthase (iNOS), which
is used as an inflammatory indicator, is a basic enzyme
responsible for the production of high concentration
nitric oxide in immune and inflammatory responses “3.
In accord with the reported studies, in the presented
study there was a slight increase of iNOS expression in the
lung tissue, especially in the interstitial areas, of the rats
in the control and rutin 150 mg groups and there was a
severe iINOS expression in the interstitial areas in the OA
group treated with OA alone. In accord with the results
in the presented study, Yi-Chun et al.*have found that
rutin shows the protective effect by inhibiting neutrophil
infiltration and the expression of iINOS and vascular cell
adhesion molecule (VCAM)-1 in ALl model induced by
LPS in mice. The studies have revealed that rutin has the
protective effect via anti-inflammatory properties in ALI
model ¥4l Also, Kandemir et al.*® have reported that
iNOS is expressed in the glomeruli and mesangial cells in
rats with renal damage induced by gentamicin, and that

the treatment of rutin decreases the iNOS expression and
thus decreases inflammation.

As a result, it was concluded that rutin has a protective
effect through its antioxidant and anti-inflammatory
properties in the ALl induced by OA and that this protective
effect is higher in the 150 mg dosage than the 75 mg
dosage and that it would be beneficial to use rutin in the
supportive treatment of ALl patients.
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Abstract

Zoonoses are defined by the world health organization as diseases and infections which are transmitted naturally between vertebrate
animals and human. Undestanding the zoonotic risk posed by pox viruses in companion animals is important for both human and animal
health. Contagious ecthyma is highly contagious, zoonotic, viral skin disease that affects sheep, goats and some other domesticated and
wild animals. In this present study was detected and evaluated levels of plasma paraoxonase activity (PON1), high-density lipoprotein (HDL),
total sialic acid (TSA), malondialdehyde (MDA), nitric oxide (NO) and total blood glutathione (GSH) concentrations in healthy sheep and
natural infected sheeps with ecthyma. In healthy sheep, laboratory results were determined as PON1 218.54+17.93 U/L, TSA 59.89+5.59 mg/
dL, HDL 48.4+4.88 mg/dL, MDA 8.58+0.80 umol/L, NO 7.78+1.02 pmol/L and GSH 21.11£3.70 mg/dL. These values were found 174.92+18.68
U/L, 70.1£6.56 mg/dL, 37.9+6.47 mg/dL, 11.26+1.06 pumol/L, 12.44+1.90 pmol/L, 7.79+0.90 mg/dL respectively in sheeps wich are infected
by ecthyma. As a result, it was concluded that there is oxidative stress due to imbalance between pro-oxidant and antioxidant molecules in
sheep which are infected by ecthyma, and this imbalance is shaped by increasing oxidant levels.

Keywords: Ecthyma, Paraoxonase activity, Total sialic acid, Oxidative stress, Sheep

Ecthyma Contagiosa’li Koyunlarda Paraoksonaz Aktivitesi, Total Sialik
Asit ve Oksidatif Stresin Degerlendirilmesi

Ozet

Zoonozlar, diinya saglk organizasyonu tarafindan omurgali hayvanlar ve insanlar arasinda dogdal olarak iletilen hastaliklar ve enfeksiyonlar
olarak tanimlanmaktadir. Pox viriislii hayvanlarin olusturdugu zoonotik riskin saptamasi ve bertaraf edilmesi hem insan hem de hayvan
saghgiicin onemlidir. Bulasici ektima koyun, keci, diger bazi evcil ve vahsi hayvanlari etkileyen bulasici, zoonotik, viral cilt hastaligidir. Sunulan
bu calismada saglikli ve ektima ile dogal enfekte koyunlarda plazma paraoksonaz aktivitesi (PON1), yliksek dansiteli lipoprotein (HDL), toplam
sialik asit (TSA), malondialdehit (MDA), nitrik oksit (NO) ve toplam kan glutatyonu seviyeleri tespit edildi ve sonuclari degerlendirildi. Saghkli
koyunlarda PON1 218.54+£17.93 U/L, TSA 59.89+5.59 mg/dL, HDL 48.4+4.88 mg/dL, MDA 8.58+0.80 umol/L, NO 7.78+1.02 pmol/L ve GSH
21.114£3.70 mg/dL olarak belirlendi. Ektima ile enfekte koyunlarda ise bu degerler sirasiyla 174.92+18.68 U/L, 70.1£6.56 mg/dL, 37.9+6.47
mg/dL, 11.26£1.06 umol/L, 12.44+1.90 umol/L, 7.79+0.90 mg/dL tespit edildi. Sonug olarak, ektima ile enfekte koyunlarda, pro-oksidan ve
antioksidan molekuller arasindaki dengesizlige bagl oksidatif stres olustugu, bu dengenin artan oksidan seviyelerine bagli oldugu saptandi.

Anahtar s6zciikler: Ektima, Paraoksonaz aktivitesi, Total sialik asit, Oksidatif stres, Koyun
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INTRODUCTION

Ecthyma contagiosum (Contagious ecthyma, Orf) mainly
occures in sheep and goats. The disease is caused by an
epitheliotropic virus (Parapoxvirus -Orfvirus- of the family
Poxviridae), and is common disease in Tirkiye, it can
affects many small ruminant spicies between spring and
autumn. Orf has been reported in people who handled
infected animals or there tissues. Contagious ecthyma
results from infection by the orf virus, a member of the
genus parapox virus in the sub family chordopox viridae.
Ecthyma contagiosum mainly occures in sheep and goats.
Orf has been reported in people who handled infected
animals or there tissues. It is mandatory to report this
zoonotic disease that causes significant economic loss in
animal husbandry and can be transmitted to humans from
animals 31, Ecthyma contagiosum disease is known as
orf, contagious ecthyma, contagious pustular stomatitis,
infectious labial dermatitis, infectious pustular dermatitis,
sore mouth, and scabby mouth .,

Orf virus can be transmitted by direct contact with sick
animals or indirectly from materials such as dried skin
that fall on the grass during grazing. Infection can also be
transmitted as a result of the administration of salt blocks
or licking stones, which have contacted with infected wild
goats. It has also known that the rate of spread of the
disease and the size of the lesions are related to the labor
exposure which causes injuries on the mouths of animals
during grazing B, It has been reported by different researchers
that the disease affects all age groups equally, without
racial and gender discrimination between animals 7,

In ecthyma contagiosum, lesions are mainly seen
around the lips and around. In addition, typical lesions can
be seen in mouth, nose, oral mucosa, tongue, gingiva and
palate. Similar lesions are observed in the lambs as small
erythematous and ulcerated papules on the gums, tongue
and palate 23589, Skin lesions of the disease are frequently
seen in the head, face, ears, neck, chest, legs and inguinal
region "% The lesions can usually be cauliflower-like
papillomatosis, proliferative, granulomatous, dry crusted,
embossed and erosive ®l. The average incubation period in
ecthyma contagiosum disease is 2-3 weeks '"'2., Diagnosis
of the disease is easily possible with clinical findings,
characteristic skin lesions and histopathological examination
findings of these lesions as well as biopsy of the infected
skin and visualization of the agent itself in electron
microscopy or advanced laboratory techniques like PCR ',

Reactive oxygen species or free radicals are released
from dendritic cells, neutrophils and macrophages in
response to an inflammatory agents. These materials are
highly reactive because they contain unpaired electron or
non-static bonds. Free radicals and antioxidant mechanisms
are in balance in normal physiological condition. In order
to limit an effective immune response and tissue damage

with the living organism, it is vital that these substances are
in balance ', The increase in the level of reactive oxygen
species in cells leads to oxidative damage in protein, lipid
and DNA. In this case, loss of enzyme activity, inhibition
of protein synthesis and DNA damage occur, resulting in
cell death ',

The aim of this study is to determine the levels of plasma
paraoxonase activity (PONT1), total sialic acid (TSA) and
some oxidative stress markers in Akkaraman sheep that
are determined to be infected by ecthyma, a natural and
important zoonotic viral disease, and to reveal possible
changes of these parameters in ecthyma contagiosum
disease.

MATERIAL and METHODS

Experimental Animals

Twenty Akkaraman sheep were used in the study at
the age of 1 year in the flock which was examined due to
the suspicion of ecthyma disease in the Erzurum (Tirkiye)
region. According to the clinical and laboratory studies
animals divided into two groups: Those who were infected
with the ecthyma virus (n=10) and those who were healthy
(n=10). Blood samples were taken from the vena jugularis
of the sheep for laboratory diagnosis of the disease and
were centrifuged at 3.000 rpm for 10 min to separate the
plasmas. The obtained plasmas were kept at -25°C until
biochemical analyses.

Biochemical Assays

PON1 activity measurement was performed according
to the methods of Eckerson ' and Giilci and Gdrsu [,
PON1 activity was determined by spectrophotometric
measurement of the absorbance of the colored compound,
4-nitrophenol, from the enzyme hydrolysis product
paraoxone (Sigma) at 25°C and 412 nm. For PONI1
activity, enzyme in 1 mL of serum was identified as the
enzyme activity unit that converts 1 nmol of paraoxon
to 4-nitrophenone in 1T min and the results are given as U/L.
TSA values were measured using a spectrophotometer
(PowerWave XS, BioTek®, USA) according to the colorimetric
method of Sydow " and the results were expressed in
mg/dL. High-density lipoprotein (HDL) was studied in the
autoanalyzer using the Biotrol trademark kit and the results
were shown in mg/dL. Plasma nitric oxide (NO) levels were
determined by the method reported by Miranda et al.l®.
In this method, nitrate is converted to nitrite with
vanadium (lll) chloride. Reaction of N- (1-Naphthyl)
ethylenediaminedihydrochloride with nitrite sulfanil-
amine in acidic medium gave the resultant complex
diazonium compound. The resulting colored complex was
measured at 540 nm. After nitrate and nitrite levels were
determined separately, the sum of the two was determined
as NO amount. The level of malondialdehyde (MDA)
was determined according to the method reported by
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Yoshioka et al."™. The MDA formed in this method forms
a pink complex with thiobarbituric acid (TBA) and the
absorbance of this solution is measured spectrophoto-
metrically at 535 nm (PowerWawe XS, Biotek®, Instruments,
USA) to determine the degree of lipid peroxidation. The
MDA levels obtained were calculated as pmol/I. The level
of glutathione (GSH) was determined from whole blood
according to the method reported by Beutler 122,

DNA Extraction

Scabs were collected from the lip lesions on affected
animals and were used for DNA extraction. DNA was
extracted from scabs and by using QlAamp DNA Mini
kit™ (Qiagen). Scabs were separately placed in a 2 mL
screw capped tubes including glass particles with
lysis buffer and proteinase K supplied with the kit and
homogenised using Magna Lyser™ instrument (Roche).
Further extraction protocol was applied according to
the manufacturer’s instructions, eluted with 100 pL elution
buffer and stored at -20°C.

Polymerase Chain Reaction (PCR)

PCR reaction was done with 045-F (5'-CCT ACT TCT
CGG AGT TCA GC-3') and 045-R (5'-GCA GCA CTT CTC
CTC GTA G-3') primers encoding 392 bp of VLTF-1 gene as
described before ., PCR was conducted in a 50 L reaction
mixture comprising 25 pL 2X PCR Master Mix (Promega)
containing: 50 units/mL of Tag DNA polymerase supplied
in a proprietary reaction buffer (pH 8.5), 400 uM dATP,
400 uM dGTP, 400 uM dCTP, 400 uM dTTP, 3 mM MgCl,; 20
pmol each forward and reverse primer, 2 pL template DNA
and remained amount of PCR grade water. The reaction
was carried out in conditions 40 cycles of denaturation at
95°C for 10 s, annealing at 47°C for 10 s, extension at 74°C
for 10 s followed by final extension at 78°C for 10 min.

PCR products were electrophoresed on 2% agarose
gel (Sigma®) in Tris-acetate EDTA (TAE) buffer and stained
with ethidium bromide (1 pg/mL). Gel was analyzed with
a gel documentation system (Geneline, Spectronics Corp. NY,
USA) 21,

Reference control of Orfvirus which was previously
identified with PCR from field epizooties was kindly
provided by Veterinarian Omer Faruk KOCUKKALEM
(Virology Department, Veterinary Control and Research
Institute, Erzurum, Turkey). Negative control samples were
collected from slaughtered sheep in abattoir without any
clinical history and Orf symptomes.

Statistics

The SPSS program was used to evaluate the data
obtained from the study. First, the Kolmogorov-Smirnov
test was performed and the normal distribution of
the groups was assessed and the Student’s t test was used
to compare these groups with normal distribution. The

results are expressed as “mean value (X)xstandard
deviation (SD)".

RESULTS

As a result of clinical examination of the animals
evaluated in the diagnosis of this disease, which is
mandatory to report, clinical symptoms were observed as
fatigue and hypersalivation as well as typical lesions in the
mouth, lips, gums, tongue and nose (Fig. 1).

PONT activity, TSA, HDL, MDA, NO and GSH levels were
measured in the blood samples taken from the animals and
PCR evaluation was performed to confirm the diagnosis. In
biochemical evaluations; plasma PON1 activity, HDL, and
GSH levels obtained from the animals in the contagiosum
disease group were statistically significantly low (P<0.001)

‘ Fig 1. Clinically view of the ecthyma contagiosa in a Akkaraman sheep ‘

Table 1. Plasma PON1 activity, HDL, TSA, NO, MDA, and whole blood GSH
levels in healthy and sheeps with ecthyma

L Hea(lntl=!1GJ)°UP Conta::::x:a(nﬂ 0)
TSA (mg/dL) 59.89+5.59* 70.1+6.56°
PON 1 (U/L) 218.54+17.932 174.92+18.68°
HDL (mg/dL) 48.4+4.88° 37.9+6.47°
MDA (umol/L) 8.58+0.80° 11.26+1.06°
NO (umol/L) 7.78+1.02° 12.44+1.90°
GSH (mg/dL) 21.11+3.70° 7.79+0.90°
ab The difference between the averages with different letters in the same
line is important (P<0.001)
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Marker

392 bp

influences neutrophil, basophil, and mast
cells from the inflammatory cells, in spite
of the early response of multiplying
neutrophils in the early period of viral
replication and acts against disease, the
number of cutaneous mast cells does not
alter 2*2%1 In our study, the level of NO
obtained from sick animals was higher
than that of control group, and the level
of GSH obtained from whole blood was
found to be low. This increase in NO
levels in ecthyma infection is thought to
be caused by release of too much free
radicals due to the increase in neutrophils
thatbecameactive because of the disease
which are reported by researchers Bl
The decrease in the level of GSH that we
have found is in line with the view that

Negative control, lane 4: Water

Fig 2. Agarose gel electrophoresis of PCR products: Marker 100 bp DNA ladder (Gene Ruler™,
Fermentas), lane 1: Field sample collected in this study, lane 2: Positive control, lane 3:

researchers previously reported that free
radicals, which are found in inflammatory

compared to the healthy animal group. On the other hand,
on the ecthyma contagiosum group TSA, MDA and NO
levels were found to be statistically significantly (P<0.001)
higher than the control group (Table 1).

All of the clinical samples were detected positive with
PCR (Fig. 2) in ecthyma group. Targeted 392 bp of PCR
product was visualised from the DNA extracts of positive
control sample and scab materials collected in this study.
Targeted specific PCR amplicons were not detected from
negative control samples and water.

DISCUSSION

It has been reported that in the case of ecthyma
contagiosum disease, typical lesions such as papules,
pustules, nodules have been observed following clinical
manifestations of weakness, anorexia, hypersalivation,
tongue and swelling and redness in the gums 212, Typical
skin lesions in the clinical examination of the animals used
in our study were observed in the group of patient sheep,
suggesting similar symptoms in addition to the usual
symptoms.

NO is a biological mediator synthesized from L-arginine
by nitric oxide synthase catalysis and cytotoxic to agents
such as bacteria, fungi, protozoa and viruses 54?2, Free
radicals or reactive oxygen species are released from
neutrophils and macrophages during inflammatory
conditions "3, These species are toxic to biomembranes.
Unless removed by free radical cleansing enzymes such as
glutathione peroxidase (GSH-px), they cause peroxidation
of lipids. In such cases, antioxidants act to purify free
radicals by converting them into less harmful molecules 23,
It has been reported that the paratoxyl-orf virus

conditions, strongly consume antioxidants.

The increase in the level of reactive oxygen species in
the cells results in oxidative damage to the structure of
proteins, lipids and DNA . MDA, the final product of lipid
peroxidation and the most important indicator, is the most
important molecule effective in cellular degeneration
caused by free radicals . In the present study, it was
determined that the MDA concentration obtained from
the group of sheeps with ecthyma was significantly higher
than that of the other group and lower GSH and HDL levels.
It has been determined that high MDA and low GSH and
HDL levels from the group of sheeps with ecthyma were
found to be an important indicator of lipid peroxidation
in ruminants, and are particularly compatible with studies
conducted by researchers in poxvirus, some other viral,
bacterial and parasitic agents 232639,

Sialic acid, an acetylated derivative of neuraminic acid,
is an important cell surface component found in biological
membranes of bacteria and animals. Many investigators
have reported that TSA concentration increases in cases of
severe inflammatory, cellular degeneration or proliferation
situations %32, In this study, it was determined that the TSA
concentration obtained from parapox-orf virus-infected
sheep was statistically significantly higher than healthy
sheep. The high level of TSA in infected sheep is thought
to be due to severe cellular degeneration and proliferation
caused by inflammation in these animals.

PON1 is an antioxidant enzyme found in liver, kidney,
intestine and HDL on serum and its activity can change as
part of the inflammatory response 23, In this presented
study, a decrease in both HDL and PON1 activity was
detected in the sheeps with ecthyma. The cause of this
reduction may be the lipid peroxidation, which the severity
is evidenced by other markers. This has been confirmed
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in agreement with investigators who report that oxidized
lipids inhibit PONT activity in elevated lipid peroxidation 3335,

In conclusion, low PONT activity, HDL, GSH levels
and high MDA and NO levels, which were obtained from
the sheeps were infected by ecthyma. That indicate the
disease caused significant oxidative stress in sheep. Along
with that, it was concluded that the high TSA level determined
in the group consisting of patient sheeps was an important
indicator of oxidative stress-induced cell and tissue damage
in the disease.
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Abstract

This study investigated the effect of testosterone antibodies and a combination of vitamin A and E on reproductive performance and lipid peroxidation in Tuj sheep during
the oestrus period. Two castrated Tuj rams were used to produce an ovine testosterone antibody. To perform the experiment, 30 clinically healthy adult Tuj sheep were
divided into three groups, in each group had 10 sheep. The Control group were given a placebo, Group | was injected with the testosterone antibody alone and Group II
was injected with testosterone antibody plus a combination of vitamins A and E in Freund's incomplete adjuvant. The testosterone antibody and vitamin combination were
administered at synchronization and 1 week before synchronization. To synchronize the sheep, 2.5 ml GnRH was injected to sheep in Control, Group | and Group II. Control,
Group | and Il were subsequently given 600 IU PMSG with 2 ml PGFz at 5™ day of synchronization. Progesterone levels were higher in the two treatment groups than in the
control group as pregnancy progressed. Plasma malondialdehyde levels were higher during initial drug application and prior to mating but were lower in the experimental
groups than in control during pregnancy and after parturition. Erythrocyte glutathione levels remained significantly higher in experimental groups than in Control during
pregnancy. The number of offspring and the lambing rates in Group | and Group Il was higher than the Control. There were no stillbirths in Group I. The number of non-
pregnant sheep was lowest in Group Il. In summary, injections of testosterone antibody and a combination of vitamins A and E led to an increased incidence of multiple
pregnancies in sheep and a greater number of lambs were born. These data indicate that the immunoneutralization of testosterone combined with a reduction in free
radicals via the antioxidant activities of vitamins led to increased rates of conception and twinning. Also, it is thought that to allow the growth of the herd in a shorter time,
testosterone antibody and combination of vitamins A and E can be applied.
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Testosteron Antikoru ile Pasif inmunizasyon ve A-E Vitamini
Kombinasyonu Uygulanmis Tuj Koyunlarinda D6l Verimi, Glutatyon
ve Lipid Peroksidasyonda Meydana Gelen Degisikler

Ozet

Bu ¢alismada Tuj koyunlarina 6strus doneminde testosteron antikoru ile yapilan pasifimmunizasyonun ve A ve E vitamini kombinasyonu uygulamalarinin tireme déneminde
dél verimi ve oksidatif stres iizerine etkileri arastirildi. Bu amacla, 30 Tuj koyunu her grupta 10 koyun olmak {izere 3 gruba ayrildi. ilk grup Kontrol grubu olarak degerlendirildi
ve senkronizasyondan 7 giin 6nce plesebo uygulandi. Grup I'deki koyunlara testesteron antikoru (AnT), Grup I'deki koyunlara AnT ve Freund’s adjuvant incomplate iginde
A-E vitamini kombinasyonu uygulandi. Vitamin ve AnT uygulamalari senkronizasyon gtinii ve senkronizasyondan bir hafta 6nce yapildi. Hayvanlari senkronize etmek igin,
Kontrol, Grup | ve Grup II'deki koyunlara 2.5 ml GnRH enjekte edildi. Kontrol, Grup | ve Grup II'deki koyunlara senkronizasyonun 5. gtinii 600 U PMSG ile 2 ml PGFq uygulandi.
Deney gruplarinin plazma progesteron dizeyleri gebelik siiresince kontrol grubuna gére yiiksek olarak belirlendi. Deney gruplarinin Plazma malondialdehit dizeyleri ilk
ilag uygulamalari yapildiginda ve kog katimindan &nce yiiksekken, gebelik stiresince ve dogumdan sonra kontrol grubuna gore diisiik olarak tespit edildi. Deney gruplarinin,
kontrol grubuna gére yiiksek eritrosit glutatyon diizeylerini gebelik doneminde ve dogumdan sonra korudugu gézlemlendi. I. ve Il. Gruplarin bir batinda dogan yavru
sayilarinin ve kuzulma oraninin kontrol grubuna gére daha yuksek oldugu goézlendi. I. Grupta hi¢ 6li dogum olmazken, Il. Grupta gebe kalmayan hayvan sayisi diger
gruplardan daha dusikti. Sonug olarak, testosteron antikorunun serbest testosteron diizeyini diisiirmesi ve vitaminlerin antioksidan etkileri ile serbest radikal dizeylerinin
azalmasinin koyunlarda gebelik performansini ve bir batinda dogan yavru sayisini arttirdidi tespit edilmistir. Ayrica, testosteron antikoru ve testosteron antikoru ile A ve E
vitamin kombinasyonlarinin biytik siiriilerde uygulanmasi ile isletmelerde daha kisa zamanda siriilerin biytilmesinin miimkiin olabilecegi diistiniilmektedir.

Anahtar s6zciikler: Testosteron antikoru, Vitamin A, Vitamin E, Tuj koyunu, MDA, GSH, Progesteron, Fertilite
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INTRODUCTION

The number of offspring per parturition is the most
important factor in terms of managing the productivity
of sheep. To manipulate the number of offspring, sheep
are selectively crossed with others, using techniques
such as flashing and a variety of different synchronisation
protocols. Earlier studies have described the development
of effective ways to improve fecundity in sheep as well
as the number of offspring. These include both active "2
and passive B! immunization against a variety of steroid
hormones. Immunization against specific steroids represents
a useful management option to increase reproductive
performance in sheep via a relatively simple treatment.
Increased levels of fertility were reported by many authors
following passive immunization against testosterone ¢,
Immunization against testosterone leads to changes in the
concentration of biologically active progesterone as a result
of cross-reacting with antibodies. Antibodies are known
to bind efficiently with their appropriate endogenous
circulating steroid %, The effect of immunization upon
receptivity and fertility is via reductions in the amount
of unbound and biologically inactive hormones .. In
addition, sheep that were passively immunized against
testosterone showed induced changes in the secretion of
gonadotrophins B8, Furthermore, this procedure leads to
increased rates of ovulation and lambing ",

Recent research 7% has aimed, first, to develop
reproductive technologies to produce high-yielding lambs
in large numbers and, second, to create supplementation
strategies to protect sheep and embryos from oxidative
damage by free radicals. If the antioxidant system is
impaired, reactive oxygen species (ROS) can initiate lipid
peroxidation and DNA damage, leading to cell death ¥.
Therefore, excessive oxidative stress during the mating
and gestation periods of sheep can be controlled by the
administration of antioxidants "% Within the prepartum
period, the administration of vitamin A and E, scavengers
of free radicals, can protect oocytes and embryos from
oxidative damage during gestation "', Furthermore, levels
of antioxidant enzymes, such as glutathione, glutathione
peroxidase, superoxide dismutase, can be elevated via the
combined administration of vitamin A and E, leading to
reduced levels of lipid peroxidation and ROS generation in
oviductal and follicular fluid 359,

Vitamin A and E play important roles in a variety of
biological processes, including fertility, the regulation of
embryonic growth and cell differentiation. In addition,
vitamin A and E play key roles in the patterns of cellular
differentiation occurring during embryonic and foetal
development and are responsible for proximodistal
patterning, limb development and regeneration, neural
differentiation and axon outgrowth "> Micronutrient
deficiencies have also been associated with major
reproductive risks, ranging from foetal structural defects to

infertility. The periconceptional period consists of a number
of critical stages, including preconception, conception,
implantation, placentation and embryo organogenesis.
These phases are critical in determining successful foetal
development and health and can be influenced by maternal
nutrition, particularly imbalances in micronutrients [
Embryonic and foetal development, implantation and
placentation are particularly vulnerable to maternal
micronutrient levels. Micronutrient supplementation may
also play a role in altering development of the placenta,
a structure that is critical for nourishing the foetus
throughout pregnancy. In addition, evidence indicates
a role for micronutrient supplementation in preventing
some pregnancy disorders Pl In fact, despite initial normal
growth cycles, foetuses may develop impaired growth
during the second part of gestation as a result of nutrient
deprivation occurring early in gestation. Furthermore,
sheep in poor body condition are typically less productive
and the supplemental injections of vitamin A and E have
been shown to increase viability of embryos and lambs '8,

The present study investigated the influence of
supplementary injections of testosterone antibody and
a combination of vitamin A and E, upon reproductive
performance, lipid peroxidation, glutathione and
progesterone levels in Tuj sheep.

MATERIAL and METHODS

Animal Treatment

Thirty clinically healthy, weighing average 55+5 kg, 3-5
years of age Tuj sheep were randomly divided into three
groups. Applications were initially made during estrus
period of ewes. The first group was used as the Control
(n=10) and were given a placebo, Group | (n=10) was
injected with testosterone antibody alone, whereas Group
Il (n=10) was injected with testosterone antibody and a
combination of 100.000 IU of vitamin A [31.58 mg all-trans
retinol (Sigma®, R2500, USA) dissolved in 0.5 ml Freund’s
adjuvant incomplete (Sigma®, F5506, USA)] and vitamin
E [18.22 mg DL-a-Tocopherol acetate (Sigma®, T3376,
USA)] dissolved in 0.5 ml Freund'’s adjuvant incomplete
(Sigma®, F5506, USA)]. Study design in experimental
groups are shown in Fig 1. Testosterone antibodies and
the vitamin combination were administered 1 week
before synchronization (-7 day) and at the point of
synchronization (premating). To synchronize the sheep,
Control, Group | and Group Il were given an IM injection
of 2.5 ml GnRH (0.004 mg Bucerelin acetate, Receptal®,
MSD, Turkey). Control, Group | and Il were subsequently
administered with 600 IU PMSG (Chronogest/PMSG,
6000 U, MSD, Turkey) with 2 ml PGF 2a (5 mg Dinoprost,
Dinolytic®, Zoetis, Turkey) at 5" day of synchronization.
Rams were then added to the sheep enclosures and oestrus
monitored in the sheep for 6 days (Fig. 1). The rams used in
the study were examined andrologically and macroscopic
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— at 4°C) and frozen (-20°C) to await
Control (n=10) | Oestrus monitoring | further analysis.
S} Premating Man‘ng ﬁ Analytical Procedures
- - o ——m | Day
§ o oy GnRH (2.5 ml) PGF2, (2 ml) Lipid peroxidation contents were
Placebo PMSG (600 TU) assessed by measuring thiobarbituric
acid reacting substance (TBARS) in
B o v plasma according to the method
i v il i —— of Placer et all. TBARS was
: f determined in terms of malondi-
': Preimng M’:“’g 1-1 e aldehyde (MDA) content, which
ANT (1ml) GuRH (2.5 ml) PGF2. (2 ml) Y served as a standarq of 1,1,3,3-tejcra-
ANT (1 ml) PMSG (600 TU) ethoxy-propane (Sigma Chemical
Company, T9889, USA). The values
of MDA reactive material were
Group II (n=10) Oestrus monitoring expressed in terms of TBARS (nmol/
ml plasma). Glutathione (GSH) levels
A Premating Mating 11 of haemolysed red blood cells were
- - - m | Day measured spectrophotometrically
'ANT (1ml) GnRH (2.5 ml) PGF2. (2 ml) using Ellman’s reagent 2% Haemo-
AEAN LD \ﬂTél(;nrgl) PN globin concentration in lysed

erythrocytes was also determined

Fig 1. Study design in experimental groups

by the cyanmet haemoglobin

and microscopic sperm examinations were performed at
the same time. Sheep were assessed for pregancy after 35
days by ultrasonography (Sonosite, Vet 180 Plus, USA).

Antibody Production

Two castrated healthy Tuj rams were used to produce
ovine anti-testosterone antiserum. Rams were given
five injections with an interval of 3 weeks between each
injection. For the first injection, 5 mg of testosterone-3-
carboxymethyloxime-bovine serum albumin (T-3-CMO-
BSA, Sigma®, T3392, USA) conjugate in 2.5 ml of non-
ulcerative complete Freund’s Adjuvant (Sigma®, F5881,
USA) was injected into different areas of dorsal skin in an
intra-cutaneous manner. After 3 weeks, a booster dose
of 3 mg of the batch of conjugate in incomplete Freund’s
adjuvant (Sigma®, F5506, USA) was injected via the same
route and blood samples taken from the jugular vein 7 days
later. Samples were taken from the rams every 2 weeks
when antibody titres were appropriate. Testosterone
antibody levels were determined by ELISA. Plasma was
separated by centrifugation at 4°C and 3000 x g for 10 min
and frozen at -20°C.

Sample Collection

To measure levels of progesterone and lipid per-
oxidation in the plasma, blood samples were obtained
from the jugular vein either at synchronization or 1 week
previously, before and after mating, and once a month
during pregnancy and after giving birth. Blood was
sampled using heparinized vacutainer tubes. Plasma
was then separated by centrifugation (3000 x g, for 10 min

method ©'.
Progesterone Measurements

Progesterone levels in blood samples were determined
by radioimmunoassay (RIA) using commercial kits
(Immunotech®, France). Intra- and inter-assay coefficients
for these kits were 6.5% and 7.2% respectively.

Statistical Analysis

Data were analysed by analysis of variance (ANOVA)
using SPSS 16.0 software. Tukey's test was used to separate
and compare mean data. Pregnancy and lambing rates
were compared with the chi-square test. All results were
expressed as the mean + standard deviation (SD). P value
<0.05 was considered to be statistically significant.

RESULTS

Plasma Progesterone Levels

Changes in plasma progesterone levels of the sheep are
shown in Fig. 2. Progesterone levels began to increase after
mating. Levels of progesterone were higher in treatment
groups than the control group after this time (P<0.05) and
increased as pregnancy progressed (P<0.001). In the first
month of pregnancy, progesterone levels were highest
in Group Il (P<0.001), whereas those were higher in the
Group | than in the other groups during the 3 and 4t
month of pregnancy (P<0.001).

Plasma MDA Levels

Changes in plasma MDA levels of the sheep are
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shown in Fig. 3. Plasma MDA levels were high during drug
application and prior to mating (P<0.01) but were lower
in the experimental groups than in the control group
during the 1% and 4" month of pregnancy (P<0.05) and
after parturition (P<0.001). Although the levels of MDA in
the plasma were higher in the control group than in the
experimental groups, no significance was observed during
the 2" and 3 month of pregnancy.

GSH Levels in Erythrocytes

Changes in the GSH levels of erythrocytes isolated from

blood samples are shown in Fig. 4. Levels of erythrocyte
GSH levels did not change following injections in the
experimental groups, although a significant increase was
observed during pregnancy (P<0.01). Erythrocyte GSH
levels remained significantly higher in experimental groups
than in the control group during pregnancy (P<0.001) and
levels increased as pregnancy progressed.

Reproductive Performance

The effect of a combination of vitamins A and E and
AnT injections on the reproductive performance of sheep
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Table 1. Effect of vitamin A-E combination and AnT injections on the reproductive performance of sheep

Determined Measurements Control (n=10) Group | (n=10) Group Il (n=10) P-value

Rate of Lambing (%) 66 125 100 -

Number of singlelambs 4 7 7 -

Number of tweens - - 1 -

Number of triplet - 1 - -

Number of offsprings 4 10 9 -

Number of stillbirths 2 - 1 -

Number of non-pregnant sheep 4 2 1 -

Ram joining - start of estrus (h) 67.20 64.44 62.29 -

First estrus response (%) 702(7/10) 902(9/10) 902(9/10) a:b: 0.001

Pregnancy rate (%) 60°(6/10) 80°(8/10) 90°(9/10) ac:b: 0.003; a:b: 0.001

Fecundity rate 0.7 (7/10) 1.2(12/10) 1.0 (10/10)
Oestrus rate = number of sheep showing estrus x 100/total number of sheep; Pregnancy rate = number of pregnant sheep x 100/total number of sheep;
Lambing rate = number of foetuses x 100/number of pregnant sheep; Fecundity rate = number of foetuses/total sheep number

and formula for determining key fertility indices are given
in Table 1. The number of offspring in Group | and Group
Il were higher than that in the Control group. In addition,
there were no stillbirths recorded for Group I. The number
of non-pregnant sheep was lowest in Group Il. As shown
in Table 1, the number of lambs and the rate of lambing
in Group | and Group Il were 125% and 100% higher,
respectively, than those in the Control group. In addition,
twins and triplets were seen in Group | and Group Il. The
time when the ram joined the sheep at the start of estrus,
first estrus response and pregnancy rate were higher in
Group Il than in the other groups. However, fecundity rate
was higher in Group | than in other groups.

DISCUSSION

Several authors have shown that gonadal hormones can
be manipulated by both active and passive immunization
methods and thus increase fertility in sheep €. However,
the responses of sheep to active immunization against
a variety of steroids have tended to be variable and
have resulted in reduced rates of conception. Other
studies have shown that passive immunization against
testosterone leads to excessive ovarian stimulation and
increased secretion of steroids into the ovarian vein and
the follicullar fluid of ewes 72?2, It is possible that the
removal of biologically active local androgens using a
testosterone antibody may result in an increased ovulation
rate and improved fecundity in both sheep and cattle 523,
In the present study, we used passive immunization to
testosterone, along with a combination of vitamin A and
E to improve reproductive traits in sheep. Lambing rate
and the number of live lambs were higher in experimental
groups than in control groups. We also achieved a high
conception rate and increased the proportion of twins and
triplets, indicating that the use of testosterone antibody,

with a vitamin combination, can markedly improve
reproductive capacity in sheep.

Pregnancy involves anabolic states that are directed via
hormones to produce nutrients in the maternal tissues and
their transfer to the developing foetus via the placenta.
Nevertheless, reproductive loss during pregnancy is the
most significant problem in sheep breeding and it is known
that progesterone plays a key role in the establishment
and maintenance of pregnancy. As the hormone of
pregnancy, progesterone stimulates maintenance of the
early uterine environment and also development of the
placenta that takes over progesterone production after
week 5-8 of gestation and causes the smooth muscle of
the uterus to relax. Studies of the application of vitamins
A and E #*31 and AnT ¥29 have previously shown an effect
upon plasma levels of progesterone, embryonic viability
and twinning rate 22, However, to date, there has not
been any research focussed upon the precise effects of
their use together, or actually direct comparison of their
actions. The present results suggest that the combination
of vitamin A and E along with AnT significantly increased
plasma progesterone level after mating until the 1%
month of gestation. After the 2" month of pregnancy,
the application of AnT increased and maintained high
progesterone levels. This may be due to the synergistic
effect of antioxidants with AnT.

In pregnancy, the synthesis of hormones and changes
in the partial pressure of oxygen in the placenta, leads
to the formation of ROS in both the placenta and foetus.
Furthermore, the multiplication and proliferation of cells,
and their high rates of metabolism, cause the formation
of ROS after electrons escape from mitochondria within
the embryo and foetus . Oxidative stress via the release of
ROS, and lipid peroxidation, would be highly detrimental
to the viability of both the mother and foetus. Stores of
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vitamins and minerals in gestating females protect the
mother and foetus from ROS fluxes and lipid peroxidation,
which is essential to create an imbalance between ROS
production and scavenging activity "'?7. A study indicated
that higher levels of antioxidants such as superoxide
dismutase (SOD), catalase (CAT) activities or total anti-
oxidant power (TAP) and lower levels of oxidative stress
markers such as lipid peroxidation (LPO) in the endometrial
secretions were associated with successful in vitro
fertilization outcome 28, During specific states of pregnancy,
vitamin A and E deficiency can lead to a failure to express
some genes and is also followed by increased release
of MDA and of 8-oxo-7, 8-dihydro-2'-deoxyguanosine (a
marker of DNA peroxidation) and by a reduction in
mitochondrial GSH content 2. Also, Nawiota et al.l'¥
suggested that pregnancy constituted the most oxidative
stress and lipid peroxidation facing the grazing and
concentrated diet feed sheep and goats under arid and
saline conditions. In this study, achieved increase in
oxidative stress and decrease in GSH levels during mating
and pregnancy reduced by application of the combination
of vitamin A-E and ANT.

Vitamin A and vitamin E have a synergic effect upon
ROS trapping and the placental transport of vitamins
A and E between the mother and foetus is sufficient
enough to protect them from the destructive affects of
lipid peroxidation. Inhibition of lipid peroxidation and the
trapping of ROS via the actions of vitamin A and E have
been reported to protect the integrity of mitochondria
in the placenta and thus prevent extensive oxidative
degradation B% Reduction in nutrient intake and mineral
and vitamin requirements, especially vitamin A and E,
from 28 to 78 days of gestation are highly likely to reduce
growth and development of the ovine foetus ©. Reports
have stated that it is therefore necessary to provide
supplements during the mating period of sheep in
Autumn months, when the quality of grass declines and
the vitamin requirements of grazing sheep increases 242531,
Thomas and Kott " also concluded that unsupplemented
ewes on rangeland lost a significant amount of weight
during early to mid-gestation and that even after
supplementation during late gestation, the health of
their lambs was compromised. In addition, a recent report
indicate that daily supplementation of vitaminE during
the last 6-7 weeks before lambing decreases the stillbirth
rate of ewes . Low levels of maternal vitamin A and E
has been shown to be associated with intrauterine growth
retardation of both the embryo and foetus 2*32, In a similar
fashion, Johansson et al.?¥ showed that cows in organic
dairy production can fulfill their requirements of vitamins
A and E without any supplementation of synthetic
vitamins, except at the time around calving, when the
requirements are high. Collectively, these findings support
the need for vitamin supplementation during mating
and pregnancy to protect both the mother and offspring
from the deleterious effects of lipid peroxidation and to

maintain a healthy pregnancy. Moreover, researchers offer
many programs for nutrition and reproduction support
to enhance reproductive performance, on the basis that
increased nutritional requirements can support foetal
growth and development, as well as improve ROS trapping
and antioxidant levels ¥'2230 The present research
investigated the application of vitamins and E alone, or
in combination with AnT, upon lipid peroxidation and
GSH activity, when the quality of the pasture deteriorated
during times of short day length. Data showed reductions
in both lipid peroxidation and MDA levels, along with
increased activity of GSH, an enzyme associated with ROS

trapping.

Consequently, our present data indicate that the
application of AnT and a combination of vitamin A and E
increased fertility by reducing stress generated by mating
and pregnancy in sheep. The passive immunization
procedure is already progressing to farm trials. The
present study suggests that the combination of AnT and
vitamins A and E may result in further improvements in
reproductive performance. Further research should aim
to establish optimized ways of applying such techniques
under practical conditions.
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Abstract

Microsatellites are a class of genetic markers commonly used for parentage verification and population studies. This study determined the
efficiency of microsatellite markers for identification and pedigree analysis in horses based on the example of Turkmen horse population.
For this purpose, 748 Turkmen horse samples including 574 adults (92 stallions, 345 males and 137 mares) and 174 foals (98 colts and 76
fillies),were genotyped by using seventeen microsatellite markers recommended by ISAG. The number of allele per locus varied from 5
(HMS01 and HTGO7) to 10 (HTG10) with an average value of 7.65. The observed heterozygosity and the expected heterozygosity ranged
0.365-0.953 (mean 0.703), from 0.617-0.884 (mean 0.792) respectively. PIC value ranged from 0.586 (HTG7) to 0.873 (HTG10) with average
0.767.The total exclusion probability of the 17 microsatellite loci was 0.9999. The pedigree study of the Turkmen horse using microsatellite
markers was efficient in detecting mistakes during genealogical records. These results suggested that the DNA typing method had high
potential for systematic control of the genealogical registrations and genetic resources to improve genetic aspects in Turkmen horses.

Keywords: Parentage verification, Genetic characterization, Microsatellite markers, Turkmen horse

Tiirkmen At Popiilasyonunda Soy Tespiti Amaciyla Mikrosatellit Analiz ve
Genetik Karakterizasyon

Ozet

Mikrosatellitler yaygin olarak soy tespiti amaciyla ve popiilasyon calismalarinda kullanilan bir sinif genetik belirteglerdir. Bu ¢alisma, Tlirkmen
at populasyonunda identifikasyon ve soy analizinde mikrosatellit belirteclerin kullanilabilirligini tespit etmek amaciyla yapilmistir. Bu amacla,
574 ergin (92 aygir, 345 beygir ve 137 kisrak) ve 174 tay (98 erkek tay ve 76 disi tay) iceren toplam 748 Tlirkmen ata ait 6rnekler ISAG tarafindan
onerilen 17 mikrosatellit belirte¢ kullanilarak genotiplendirildi. Her bir lokusta allel sayisi 5 (HMSO01 ve HTGO07) ile 10 (HTG10) arasinda olmak
lizere ortalama 7.65 olarak tespit edildi. Gézlemlenen heterozigotluk ve beklenen heterozigotluk sirasiyla 0.365-0.953 (ortalama 0.703) ve
0.617-0.884 (ortalama 0.792) olarak belirlendi. Polimorfizm bilgi icerigi ortalama 0.767 olmak lzere 0.586 (HTG7) ile 0.873 (HTG10) arasinda
degisim gosterdi. 17 mikrosatellit bolgenin total dislama olasiligi 0.9999 idi. Mikrosatellit belirtecler kullanilarak yapilan Turkmen atlarindaki
soy arastirmasi soy kayitlarindaki hatalari tespit etmede etkiliydi. DNA tiplendirme metodu soy kayitlarinin sistemik kontroliinde yiiksek
potansiyele sahip olup Tirkmen atlarinin genetik kaynagini artirmada kullanilabilir.

Anahtar sézciikler: Soy tespiti, Genetik karakterizasyon, Mikrosatellit belirtecler, Tiirkmen at

INTRODUCTION

Horses are belonging to Equidae family; the horse’s
influence on human history and civilization make it one
of the most important animals ™. Iran has a long history
of horse domestication and breeding 2. Iranian horse
breeds may be classified into 4 main groups according
to their origins and habitats: North alluvial plains such as
Caspian breed, northeast fields such as Turkmen breed,

and west highlands such as Kurd breed and southwest
and central plateau such as Persian-Arab breed 2. Turkmen
horse is one of the oldest breeds in the world and always
achieves high ranks in courses and jumping competitions &,
Studbook data includes some errors in the registration
of the Turkmen studbook. Those data important to the
conservation of the breed and correct lines of ancestral
might be essential for breeding of Turkmen horse. This
information might be verified by a molecular data. It
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is necessary, because the genetic characterization of a
breed is the first step in the conservation of breeds,
determination of future breeding strategies, and is
important to protect breed integrity . Identification of
genetic variation among various horse breeds requires the
development of genetic markers B Microsatellite markers
are useful to diversity studies in the animal. They are
tandemly repeated sequences which can be genotyped
by PCR techniques ©. Even in the time of wide genome
scanning with the use of SNP microarrays, microsatellites
are still used in the construction of linkage maps, when
narrowing down the regions of QTLs . Microsatellite
markers were first characterized in Swedish horse B9,
Commonly, in horses set of seventeen basic microsatellites
loci are used (Equine Genetics and Parentage Analysis
Workshop, 2012). This horse genotyping panel has been
designed to provide high discrimination power (PD), with
minimum time need to sample preparation and minimum
use of reagents "% Those markers constitute a panel of
loci recommended by International Society for Animal
Genetics (ISAG) in horses parentage testing. In Iran, the
polymorphism of these markers has been proved to
be useful in Caspian horse '"; Kurd '? and Iranian-Arab
horse '3, Application of microsatellite markers in evaluation
of the genetic structure in Turkmen horses has not been
done yet and this is the first research for parentage
verifications based on seventeen microsatellites loci
recommended by ISAG's in this breed. The purpose of
this study was to evaluate these microsatellite loci in
Turkmen horse population and design a marker system for
future low-cost genotyping, which will give high combined
exclusion probabilities (EPs).

MATERIALS and METHODS

Animals and DNA Extraction

The animals were randomly chosen by their breeders
who were able to document their pedigrees (parents,
offspring). Blood samples were collected from 748
Turkmen horses, 574 adults (92 stallions, 345 males and
137 mares) and 174 foals (98 colts and 76 fillies). Genomic
DNA was extracted from blood samples using the salting-
out method 4,

Microsatellite Markers Genotyping

Seventeen microsatellites were selected for this study
that had been reported by ISAG for individual identification
and parentage verification of Turkmen horses. Micro-
satellite markers (Table 1) were combined in multiplex PCR
reaction using fluorescently labeled primers and amplified
in a total volume of 20 pl of the following mixture: 40 ng
of genomic DNA, 2 mM MgCl, (Fermentas, Canada), 250
UM of each dNTP (Roche Applied Science, Germany),
0.03 uM of both primers (Metabion, Germany), 1X PCR
buffer (Fermentas, Canada) and 0.5U Tag DNA polymerase

(Fermentas, Canada). Amplifications were performed using
the GeneAmp PCR 9700 (Applied Biosystems, USA). PCR
amplification was as follows: the first step was performed by
initial denaturation for 5 min at 95°C, followed by 35 cycles
at 95°C for 30 sec, 58°C or 60°C for 30 sec, and 72°C for 1
min then extension step of 72°C. The set of proofreading
activity and fluorescently labeled 17 primers specific for
STRs was tested. PCR products were further sequenced
using capillary electrophoresis system on the 3130xI|
Genetic Analyser (Applied Biosystems). The GeneScan-500
LIZ Size Standard was used in each sample run for an
application of automated DNA fragments analysis with
four fluorescent dyes. Analysis of DNA profiles for 17 STR
loci was conducted in GeneMapper 4.0 software (Applied
Biosystems).

Data Analysis

Number of alleles (Na), Allele’s frequencies for each
locus, observed heterozygosity (HO), expected hetero-
zygosity (He), Polymorphic information content (PIC) and
combined probability of exclusion (PE), were computed
using CERVUS version 3 software ', Deviations from
HWE and inbreeding coefficient (F;) were estimated by
GENEPOP version 4.4 program !¢,

RESULTS

Microsatellite Polymorphism

A total of 130 alleles were observed among the 748
animals and demonstrated that they were highly poly-
morphicinTurkmen horse populations. Anumber of alleles,
observed heterozygosity (H,), expected heterozygosity
(He), polymorphic information content and exclusion
probability (PE) in the Turkmen horse were shown in
Table 2. The number of allele per locus varied from 5
(HMSO01 and HTGO07) to 10 (HTG10) with an average value
of 7.65 in the Turkmen horse. The observed heterozygosity
and the expected heterozygosity ranged 0.365-0.953
(mean 0.703), from 0.617-0.884 (mean 0.792) respectively.
Microsatellite markers showing PIC values higher than
0.5 are commonly considered as informative in horse
population 7L All marker loci engaged in this study were
informative since the average PIC value calculated at
0.767.The lowest PIC value was for HTG7 (0.586), while the
highest value was for HTG10 (0.873). The within population
inbreeding estimate (F;;) ranged between -0.246 and 0.482
with an average of 0.081. Thus, on an average, deficiency
(8.1%) of heterozygote existed in the Turkmen horse
population (Table 2). Statistically significant deviation
from Hardy-Weinberg equilibrium (P<0.05) was found
at total loci, except (AHT5, ASB17, HTG4, LEX33and
UCDEQ425) loci (Table 2). The obtained PE for each
polymorphic locus was ranged from 0.3098 for HTGO07
to 0.803 for HTG10 with a combined average probability
of exclusion of 0.99999 (Table 2). The parentage testing



469
SEYEDABADI, SAVAR SOFLA

Table 1. Characteristics of 17 Horse microsatellites DNA loci

Loci Primer Sequences 5’-3’ Dye Size Range (bp)
s | poRseTOece
s | ECMTTTIeTTROmCuG
moos | ek
o | pemecesceconceccoec
o | OGRS
coraas | EASCIeCTEeTIuTEH

of the 174 foals was verified by the compatibility of 17
microsatellite markers according to Mendelian laws and
using likelihood based method. However, 26 foals did not
inherit alleles from the registered sire and 9 foals did not
inherit alleles from the registered dam.

DISCUSSION

The use of microsatellite markers for individual
identification and parentage verification of horses is a
routine method in several countries ['®. The present study
describes the utility of seventeen microsatellite markers
in parentage verification in Turkmen horse breeds. For
a clear genetic differentiation between breeds, it has
recommended a minimum of four alleles per locus by
FAO '), Consequently, All 17 microsatellite markers applied
in this study showed reliable polymorphism for evaluating
genetic variation within the Turkmen horse population.
The allele numbers and heterozygosity levels observed
this study, indicate a presence of a reasonably high

level of genetic variability in Turkmen horse population.
The genetic structure of the Turkmen horse population
revealed an increased allelic diversity for 17 microsatellites
in relation to other studies. With the same set of micro-
satellite markers, Georgescu et al.?%, investigated the
structure of indigenous Romanian Hucul horse breed. The
observed and expected heterozygosity per breed ranged
from 0.662 and 0.676, respectively. Genetic variation
among four Italian horse breeds was assessed using a set
of 11 microsatellites 2". In the breed level, it was showed
a high level of gene diversity (He) ranging from 0.71 in
Sicilian Oriental Purebred to 0.81 in Sicilian Indigenous 12",
The Polymorphism Information Content (PIC) similar to
heterozygosity and is calculated from allele frequencies.
A high PIC value is indicative of a locus with high
informativeness. In this study average PIC value was 0.767
which is moderate polymorphic. For linkage mapping,
Dierks et al.”, selected microsatellite markers with PIC
values >0.5 as markers with values below this level are
insufficient for parentage verification. In their study, the
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Table 2. Number of alleles (Na), observed heterozygosity (Ho), expected heterozygosity (He), Polymorphic information content (PIC), inbreeding coefficient

(Fis), exclusion probabilities (PE) and Hardy Weinberg Equilibrium (HWE) of 17 microsatellites loci for Turkmen horse

Loci Na Ho He PIC Fis PE HWE
AHTO4 9 0.755 0.825 0.826 0.092 0.701 **
AHTO5 8 0.521 0.725 0.799 0.281 0.619 NS
ASB02 9 0.625 0.734 0.825 0.148 0.633 **
ASB17 8 0.452 0.758 0.810 0.403 0.629 NS
ASB23 8 0.852 0.725 0.815 -0.170 0.476 **
HMSO01 5 0.425 0.821 0.664 0.482 0.476 **
HMS02 7 0.732 0.789 0.783 0.072 0.605 **
HMS03 9 0.786 0.725 0.829 -0.084 0.655 **
HMS06 7 0.724 0.821 0.730 0.118 0.532 *
HMS07 9 0.701 0.822 0.794 0.166 0.627 *
HTG04 7 0.671 0.727 0.593 0.077 0310 NS
HTGO6 6 0.809 0.712 0.703 -0.136 0.491 *
HTGO7 5 0.733 0.726 0.586 -0.009 0.309 *x
HTG10 10 0.753 0.604 0.873 -0.246 0.803 *
LEX33 8 0.609 0.793 0.836 0.232 0.701 NS

UCDEQ425 7 0.758 0.723 0.725 -0.048 0.555 NS
VHL20 8 0.794 0.801 0.832 0.008 0.713 *
Mean + Sd 7.65 0.690+0.18 0.731x0.19 0.767+0.15 0.081+0.03 0.99999 =

average PIC value was 0.596 with a maximum of 0.866 ..
The inbreeding index Fis indicates moderate level
of inbreeding in Turkmen horse population, but Fis for
locus HMS1 and ASB2 was high in this population. The
inbreeding detected in Turkmen horse population may be
as a result of depauperate population size, small breeding
areas and/or with an insufficient number of breeding
males in the breeding region. However, high levels of
heterozygousity, PIC and moderate level of inbreeding in
Turkmen horse population reflect high genetic variability
that can be exploited by horse breeders for planning
breeding strategies and prioritizing the breed for its
conservation. The International Stud Book Committee (ISBC)
has required that the combined exclusion probability (CPE)
value for paternity testing and an individual identification
in a horse be higher than 0.9995 22, In this study, the CPE
using 17 microsatellite markers was greater than the value
required by the ISBC. Other studies reported similar values
of total exclusion probability (0.999) in Thoroughbred
and Arabian horse 32, Ellegren et al.®, proposed at least
ten microsatellite loci should be used to gain maximum
exclusion in horses. Marklund et al.”), analyzed eight
microsatellite loci in parentage testing to gain a combined
exclusion probability of 0.96 to 0.99 in different breeds.
At least five microsatellite loci with PE more than 97%
should be used to obtain a high degree of excluding
probability ?°, Seyedabadi et al.'", also reported a total
PE of 0.973 for seven microsatellite loci used in Caspian
horse parentage control. These various results comparison
with our results, shows that our selected microsatellites
have greater power of exclusion. The prosperity of

paternity testing is not only depends on the number of
loci but on the level of informativeness that these markers
provide. The level of informativeness of a microsatellite
marker is specified by its values of heterozygosity, PIC, PE
and genetic diversity and these values are dependent on
the number and frequency of alleles in the population #7,
These values obtained for microsatellite markers used in
our study indicated the high level of informativeness of
these markers in Turkmen horse population. So, these
microsatellite markers (ISAG), showed to be adequate to
parentage verification and for individual identification
in Turkmen horse. Our data showed decrepitude in the
individual identification system and confirmed interest
in using genetic markers in this system. Identification and
parentage verification of the Turkmen horse population
using a panel of microsatellite markers would be of great
importance for the conservation program being applied
to this breed.
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Abstract

Flavonoids from mulberry leave (FML) are natural flavonoids, and Candida tropicalis (CT) is yeast like microbe. In this study, forty-eight male
calves were selected with born weight (40.5+0.7 kg) and 20+2 days age, divided into 4 groups randomly. FML was supplemented in a dairy calf
starter at 2 g/d per calf before weaning, or 4 g/d per calf after weaning (FML group), while CT was added in a dairy calf starter at 1 g/d per calf
(CT group). Our results showed that FML could be used to enhance body weight (BW) of calves through enhancing apparent digestibility of
ether extract (EE) of the diet, and increased the levels of serum growth hormone (GH) and insulin-like growth factors 1 (IGF-1) in calves after the
age of 56 days. CT enhanced the BW of calves before weaning through increasing the apparent digestibility of neutral detergent fiber (NDF) of
the diet, and elevated the apparent digestibility of EE of the diet of calves after weaning through increasing the level of serum IGF-1 in calves.
Furthermore, the mixture of FML and CT plays a synergistic role in enhancing growth, improving feed intake and nutriment digestibility. In
conclusion, FML and CT could be used as additives to increase growth and nutrient digestibility in calves.

Keywords: Calves, Flavonoids from mulberry leave, Candida tropicalis, Nutriment digestibility, Hormone level

Dut Yapragindan Elde Edilen Flavonoidler ile Candida tropicalis'in
Buzagilarda Performans ve Besin Sindirilebilirligi Uzerine Etkileri

Ozet

Dut yapragindan elde edilen flavonoidler (FML) dogal flavonoidler olup Candida tropicalis (CT) de mantar benzeri mikroplardir. Bu ¢alismada,
dogumda 40.5+0.7 kg agirliga sahip 20+2 gtinliik kirk sekiz erkek buzagi kullanilarak rastgele 4 gruba ayrildi. FML siitten kesme 6ncesi her bir
buzagiicin 2 g/d olarak buzagi baslangi¢ yemiicerisinde veya her bir buzagiicin 4 g/d olarak stitten kesme sonrasi (FML grup), CT ise her bir buzag:
icin 1 g/d olarak buzagi baslangi¢ yemi icerisinde (CT grup) verildi. Calisma sonucunda FMLnin diyetin eter ekstraktinin (EE) sindirilebilirligini
ve serum biyiime hormonu (GH) ve insiilin benzeri biytime faktori 1 (IGF-1)'in seviyelerini belirgin bir sekilde arttirmak yoluyla 56 gtinliikten
sonrasinda buzagilarin viicut agirhigini (BW) gelistirmek amaciyla kullanilabilecegi tespit edilmistir. CT; buzagilarin viicut agirhgini siitten kesme
oncesinde diyetteki notr deterjan fiberin sindirilebilirligini belirgin ol¢lide gelistirdi ve serum IGF-1'in seviyesini yiikseltmek suretiyle siitten
kesme sonrasinda diyetteki eter ekstraktinin sindirilebilirligini belirgin dl¢tide artirdi. FML ve CT karisimi biylmeyi gelistirme, gida tiketimini
ve besin sindirilebilirligini iyilestirmekte sinerjistik bir rol oynadi. Sonug olarak, FML ve CT biiylime ve besin sindirilebilirligini artirmak amaciyla
buzagilarda bir katki olarak kullanilabilir.

Anahtar sézciikler: Buzadi, Dut Yapragi Flavonoidleri, Candida tropicalis, Besin sindirilebilirligi, Hormon seviyesi

INTRODUCTION

It is well documented that there are a number of
potential risks for human health in using antibiotics in
food-producing animals, including drug residues in meat
products, increasing bacterial resistance and environmental
contamination M. Flavonoids are found in berries, tea,

cocoa, soybeans, grains, and plant leaves, are a class of
organic polyphenolic compounds . It is through various
mechanisms including protection against oxidative stress,
and preservation of epithelial barrier function and immuno-
modulatory properties that flavonoids are used in acute
or chronic intestinal inflammation .. Dietary flavonoids
(quercetin and morin) have marked effects on the fatty
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acid composition of blood plasma, liver, or breast muscle
lipids in vitamin E-deficient chicks . Condensed tannins
(a polyflavonoid) can mitigate methane emission by feeding
Leucaena leucocephala in sheep Pl It is effective in improving
rumen fermentation and reducing the incidence of rumen
acidosis through supplementation of natural flavonoids
extract from bitter orange and grapefruit . Sainfoin which
contains rich condensed tannins can increase beneficial
fatty acids and reduce skatole content in lamb meat 7.
Flavonoids from mulberry leaves (FML) have positive
effects on the hypoglycaemic, antihypercholesterolemic
and anti-oxidative potential in rats .

Probiotics are live microorganisms including bacteria
and yeasts, which can improve intestinal health and immune
response, prevent acute and antibiotic-associated diarrhea ..
It is reported that GSY10 is the most promising oleaginous
yeast for microbial lipid production from molasses, and
it can be used as feed supplement for microbial lipid
production in dairy cattle ' The yeast culture extract can
activate natural killer (NK) cells and B lymphocytes in vitro,
which plays a role in the anti-inflammatory effects ', Yeast-
based immunogen (EpiCor) possesses conspicuous anti-
inflammatory activity, and can directly induce activation
of chemotactic awareness of lymphocyte subsets in vitro ',
After experimental challenged with Salmonella, pre-weaned
dairy cows fed with Saccharomyces cerevisiae fermentation
products have fewer bouts of diarrhea and fever, more
beneficial microbe in rumens and higher weight gain
comparing with no-fed group . Lactic acid bacteria or
Bacillus species generally target the lower intestine to
stabilize the gut microbiota, which decreases the risk
of pathogen colonization in young ruminants ™. As a
fungal organism, Candida tropicalis (CT) can grow as yeast
morphology ™. It is known that the somatotropic axis
primarily consists of growth hormone (GH), insulin-like
growth factors (IGF), as well as their associated carrier
proteins and receptors, which plays a key role in the control
of the protein anabolism, fat deposition, and growth rate
in animals ', It was hypothesized that supplementation of
FML and CT in starter of calves might improve consumption
of nutriment, accelerate animal growth, and feed intake.
Thereby, the aim of current study was to determine the
effects of supplementation FML and CT in the starter on
growth, performance and the concentrations of GH and
IGF-1 in plasma during the first 80 days of age in calves.

MATERIALS and METHODS

Materials

The extract of FML was purchased from Xi'an Feida
Biotechnology Co. Ltd., and there were 50 mg of FML per
g of extract, which was analyzed by the manufacturer. CT
was from Beijing Vano Biological Engineering Co,, Ltd., and
the concentration of live bacteria was 5 x 10° CFU/g, which
was provided by the manufacturer. The milk replacer is

provided by Beijing Jingzhun Animal Nutrition Center,
and the starter is from Beijing Sanyuan Luhe Feed Factory.
The basal diet consists of milk replacer and starter with no
antibiotics and microbial preparation. The ingredients and
nutrient levels of basal diet are shown in Table 1.

Animals and Experimental Design

Holstein male calves were managed on the first farm
of Western Suburbs, Beijing Sanyuan Luhe Cow Breeding
Center. The experimental protocol was approved by the
Chinese Academy of Agricultural Sciences Animal Ethical
Committee, and humane animal care and handling
procedures were followed throughout the experiment.
Forty-eight male calves with 20+2 days old, and 40.5+0.7
kg birth weight were selected from cows with natural
childbirth and between 3 and 5 years old. The calves were
fed adequate colostrum during the first 3 days and then
fed milk replacer until 80 days of age. Calves randomly
were divided into 4 groups (n=12) based on parity and
birth weight. The control group (Ctrl group) was fed with
basal diet, while the other three groups were added with
FML (FML group, 2 g/d per calf before weaning, or 4 g/d
per calf after weaning), with CT (CT group, 1 g/d per calf)
and with the above two additives (FML + CT group, FML

Table 1. Nutrient composition and levels of basal diet (air-dry basis) %

Items Starter Milk Replacer
Corn 20.0
Extrude corn 229
Soybean meal 20.0
Extruded soybean 18.0
Whey powder 5.00
Wheat bran 10.0 =
CaHPO, 0.800
Limestone 1.80
Salt 0.500
Premix* 1.00
Total 100
Nutrient levels
DM (Dry matter) 85.4 95.4
OM (Organic matter) 92.2 94.9
CP (Crude protein) 19.1 24.3
EE (Ether extract) 2.21 12.9
NDF (Neutral detergent fiber) 18.6 4.02
ADF (Acid detergent fiber) 10.7 2.11
Ca 1.09 1.07
P 0.473 0.482
GE (Gross energy) MJ/kg 15.5 19.9
* Premix supplemented with VA 15.000 IU, VD 5.000 IU, VE 50 mg, Fe 90 mg,
Cu 12.5 mg, Mn 30 mg, Zn 90 mg, Se 0.3 mg, | 1.0 mg and Co 0.5 mg for per
kg starter
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2 g/d + CT 1 g/d per calf before weaning, or FML 4 g/d +
CT 1 g/d per calf after weaning). The experiment began
at 21 days old and lasting 60 days. At the age of 55 days
old, calves were weaned. The diet for calves contained
milk replacer and starter. Milk replacer was offered daily
at 10% of body weight (BW) (adjusted weekly) and starter
was offered ad libitum throughout the 60 days trial period.
Each calf was housed in an individual hutch during the
whole experiment period except the metabolic study
period during which each calf was raised in an individual
metabolic cage. There are two metabolic trials in the
whole experiment period. One trial began at the age of
43 days lasting 5 days (preweaning), the other began at
the age of 60 days lasting 5 days too (postweaning). BW
was measured at 21, 28, 42, 56 and 80 days old during the
whole trial period, and starter intake was recorded daily.

Sample Collection and Analysis

Every three calves that were from the correspond
group, and reached the average BW were selected for the
metabolic trial. Urinary and fecal excretions of every calf
(4 groups in all, one group having 3 calves) were entirely
collected daily for analyzing the apparent digestibility
of dry matter (DM), ether extract (EE), neutral detergent
fiber (NDF) and acid detergent fiber (ADF). The mixed
sample was from 10% of total amount of feces, and 10 g
mixed fecal sample was treated with 10 mL of 10% dilute
hydrochloric acid for nitrogen fixation. Then a 500-g
feces sample was taken, dried at 103°C for 48 h, ground
in a Cyclotec 1093 mill (Tecator, Sweden). The digestion
rate was calculated as previously described . The blood
samples (jugular venipuncture) were collected before the
morning feeding at 28, 42, 56 and 80 days old, respectively.
Plasma samples were stored at -19°C after centrifugation
(3000x%g, for 15 min, at 25°C) for analysis of GH and IGF-1 by
radioimmunoassay (RIA) as previously described 8, IGF-
1 antibody (sc-1422, Santa Cruz Biotech, CA) was used to
analyze the IGF-1 concentration, and the GH concentration
was determined using an antibody (sc-10365, Santa
Cruz Biotech, CA).

Statistical Analysis

The experimental design was a randomized complete
block design. Continuous variables were analyzed by
ANOVA using the MIXED procedure of SAS (SAS Inst. Inc,
Cary, NC, 2003). The model included fixed effect and the
random effect. Treatments, days (as a repeated effect),
and their interaction were as the fixed effects, and the
calf was as the random effects. Restricted Maximum Like-
lihood was used to estimate least square mean values.
Where treatment effects were significant the means were
analyzed using Tukey’s procedure for multiple comparisons.
The initial BWs were modeled as a Covariate to further
control the experimental error. Differences were considered
statistically significant at the 95% confidence level (P<0.05).

RESULTS

The Effect of FML on Performance and
Plasma Hormone Level

It was shown in Fig. 2 that the BW of FML group was
significantly higher (P<0.05) than that of Ctrl group after
weaning, but there was no significant effect of FML on BW
before weaning. It was observed in Fig. 1 that there was
no significant effect of FML on starter intake throughout
the experiment in calves (P<0.05). Meanwhile significant
changes (P<0.05) were observed between FML and Ctrl
group in the levels of plasma GH and IGF-1 at the age of 80
days (Table 3), and the digestibility of EE in FML group was
significantly higher (P<0.05) than that in Ctrl group after
weaning (Table 2).

The Effect of CT on Performance and Plasma
Hormone Level

The diet supplementation with CT did not affect
starter intake (P>0.05) throughout the experiment in
calves (Fig. 1), but the BW (Fig. 2) of calves of CT group was
significantly higher than that of Ctrl group only at the age
of 56 days (P<0.05), while the apparent digestibility of NDF

2,500

Fig 1. Effect of flavonoids from
mulberry leaves and Candida
tropicalis on feed intake. Ctrl, no
additive; FML, FML 2 g/d per calf
before weaning, or FML 4 g/d per
calf after weaning; CT, Candida
tropicalis (1 g/d per calf); FML+CT,
FML (FML 2 g/d per calf before
weaning, or FML 4 g/d per calf
after weaning) + Candida tropicalis
(1 g/d per calf). Within the same
row with different superscripts 500
indicated significant differences
(P<0.05)
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Table 2. Effect of flavonoids from mulberry leaves and Candida tropicalis on nutrient digestibility

Treatment
Items SEM P-value
Ctrl FML CcT FML+CT
Pre-weaning male calves
Dry matter 793 79.2 79.0 80.1 1.09 0.976
Organic matter 81.3 80.5 80.6 81.5 1.07 0.883
Ether extract 79.3 75.8 79.1 69.5 2.55 0.905
Neutral detergent fiber 19.2° 21.3° POV 19.8° 0.983 0.163
Acid detergent fiber 274 29.6 27.7 29.4 1.62 0.0994
Post-weaning male calves
Dry matter 793 84.7 81.6 84.9 1.52 0.342
Organic matter 81.3 86.4 82.2 86.9 1.34 0.328
Ether extract 33.7° 53.5° 46.3° 62.7° 3.16 0.0317
Neutral detergent fiber 49.3° 57570 48.3° 60.7° 2.03 0.0287
Acid detergent fiber 63.7° 66.3%° 65.4° 72.5° 1.36 0.0322
Ctrl, no additive; FML, FML 2 g/d per calf before weaning, or FML 4 g/d per calf after weaning; CT, Candida tropicalis (1 g/d per calf); FML+CT,
FML (FML 2 g/d per calf before weaning, or FML 4 g/d per calf after weaning) + Candida tropicalis (1 g/d per calf). Within the same row with
different superscripts indicated significant differences (P<0.05)

of CT group was significantly higher than that of Ctrl group
before weaning (P<0.05). The digestibility of EE in CT
group was significantly higher (P<0.05) than that in Ctrl
group after weaning (Table 2), while the level of plasma
IGF-1 in CT group was obviously higher (P<0.05) than that
in Ctrl group post weaning (Table 3).

The Effect of FML + CT on Performance and
Plasma Hormone Level

The results of current study (Fig. 1, Fig. 2) indicated that
BW and starter feed in FML + CT group were significantly
higher (P<0.05) than that in Ctrl group at the age of 57-
80 days. There was no significant change in BW between
FML + CT and Ctrl group at the age of 21-42 days (P>0.05).
The levels of plasma GH and IGF-1 in FML + CT group

were significantly higher (P<0.05) than that in Ctrl group
at the age of 80 days (Table 3). The diet supplementation
with FML+CT simultaneously enhanced digestibility of EE,
NDF and ADF (P<0.05) significantly compared with that no
supplementation after weaning in calves (Table 2).

DISCUSSION

The use of antibiotics for growth promotion has been
totally banned in many countries, owing to drug residues
in meat products and increasing bacterial resistance by
use and misuse of in-feed antibiotics in food-producing
animals ", so utilization of phytogenic compounds in
feed for food animal production has good potential 2., It
is fed flavonoids extracted from propolis that calves have
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Table 3. Effect of flavonoids from mulberry leaves and Candida tropicalis on GH and IGF-1

tems Treatment SEM P-value
Ctrl EML ‘ cT ‘ FML+CT Treatment age Treatment x Age
GH (ng/mL)
28-80 3.21 3.31 333 3.39 0.0526 0.613 0.00157 0.169
28 3.28 2.95 3.02 3.09 0.0618 0.645
42 3.23 3.18 3.25 3.16 0.0578 0.463
56 325 343 367 371 0.293 0.0681 - -
80 3.23° 3.72° 231 3.75° 0.181 0.0357
IGF-1 (ng/mL)
28-80 162 225 211 221 9.35 0.0452 0.0132 0.246
28 173 171 206 189 13.2 0.383
42 167 195 194 158 13.5 0.336
56 159 215 209 214 19.5 0.0543 _ _
80 177 295° 277° 294° 20. 60 0.00219
Ctrl, no additive; FML, FML 2 g/d per calf before weaning, or FML 4 g/d per calf after weaning; CT, Candida tropicalis (1 g/d per calf); FML+CT,
FML (FML 2 g/d per calf before weaning, or FML 4 g/d per calf after weaning) + Candida tropicalis (1 g/d per calf). Within the same row with
different superscripts indicated significant differences (P<0.05)

higher BW than those fed no flavonoids until 120 days of
age Y, Results of our present study revealed that calves
supplement with FML in the diet have higher BW than
those fed no flavonoids after the age of 56 days, without
significant difference in feed intake comparing to those
fed no flavonoids, which is consistent with the previous
reports. Flavonoids have beneficial effects on urinary tract
infections, cognitive function and age-related cognitive
decline, cancer and cardiovascular disease in human 22,
and flavonoids and their metabolites modulated the
expression and activity of several metabolic key enzymes,
and are involved in regulation of lipid and carbohydrate
metabolism 23, Therefore, the higher BW in FML group
may be due to its beneficial effects on several metabolic
key enzymes.

Our results showed that the apparent digestibility of ADF
and NDF was not affected by FML. It was also reported
that feeding quebracho tannin extract, a diverse group
of polymeric flavonoids, had no effect on ADF and NDF
digestibility in Angus heifers 24, which was consistent
with our results. However, there was significant effect
on the EE of the diet of calves by supplementation with
FML comparing Ctrl group after weaning in this study. It
was reported that condensed tannins altered ruminal
biohydrogenation process of unsaturated fatty acids 2,
and the greater digestibility of EE in the FML group than
that in Ctrl group may be due to the antioxidant capacities of
FML after weaning.

Our results also indicated that there were higher levels
of serum GH and IGF-1 in FML group comparing with that
in Ctrl group at the age of 80 days. The binding of Genistein
to estrogen receptors in the hypothalamus influences the
production of GH and growth factors (GF), which lead to

increasing the uterine weight, uterine wall thickness and
ovarian weight in Sprague Dawley rats %, It is reported
that flavanone 8-prenylnaringenin, as a phytoestrogen,
increases serum GH, but decreases serum IGF-1 levels in
rats?, and IGF-1 has negative effect on GH gene expression
in somatotroph cell line 8. However, GH can strongly
stimulate production of IGF-1 in vivo. Many tissues and
cells can produce IGF-1, and IGF-1 is mainly secreted by the
liver under the control of GH, meanwhile have effects on
growth and development mediated partly by the effects
of GH 2%, Our results may suggest that FML promotes the
growth and development of calves by increasing the levels
of serum GH and IGF-1. Therefore, FML enhanced apparent
digestibility of EE of the diet, and increased the levels of
serum GH and IGF-1 in calves, which led to the increased
BW after the age of 56 days by supplemented with FML.

It is reported that yeast culture can enhance crude
protein and cell wall digestibility, ruminal molar proportion
of propionate and plasma glucose concentration in Baluchi
lambs 5% and Jersey calves feed live yeast product have
greater final BW at 63 days than calves fed none B'". Our
results indicated that there was significant effect on BW of
calves supplemented with CT comparing with that no CT
only at the age of 56 days, with no significantly difference
in the feed intake during total experimental stage. Mean-
while the apparent digestibility of NDF of CT group was
significantly higher than that of Ctrl group before weaning.
Lesmeister et al.® reported that Holstein calves fed 2%
yeast culture had greater BW at 42 days of age than calves
with receiving no yeast. There are improvements in grain
intake, BW gain, and blood parameters of calves when fed
live yeast only during the pre-weaning period 3. The calves
fed Saccharomyces cerevisiae have greater BW during the
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pre-weaning period, because yeast can improve growth
and activity of fiber-degrading bacteria and fungi, stabilize
rumen pH, prevent lactate accumulation, improve ruminal
microbial colonization, and set up fermentative processes 4,
which is consistent with our study. Our study suggested
that CT enhanced the BW of calves before weaning
through manipulating rumen fermentation and increasing
the apparent digestibility of NDF of the diet.

Furthermore, the results of present study showed that
the apparent digestibility of EE in CT group was significantly
higher than that in Ctrl group after weaning, and CT have
significant effect on the level of serum IGF-1 comparing with
Ctrl group in post-weaning male calves. It is supplemented
with Lactobacillus plantarum that serum IGF-1 can return
to pre-challenge values by day 13 post-challenge orally
with Salmonella in pigs . It is treated with Lactobacillus
rhamnosus that Zebrafish exhibits a high gene expression
level for IGF-1 comparing to untreated group at 6 days
post fertilization B¢, Therefore, CT enhanced the apparent
digestibility of EE of the diet in calves after weaning
through increasing the level of IGF-1 and manipulating
rumen fermentation.

Results of the current experiment showed that mixture
of FML and CT plays a synergistic role in enhancing growth,
improving feed intake and nutriment digestibility. It
achieved the best effect among four treatments through
simultaneously supplementation the two additives (FML +
CT) to the starter of calves. BW, starter feed and the levels
of plasma GH and IGF-1 were observed significantly higher
(P<0.05) in FML + CT group compared with Ctrl group at
the age of 80 days. Furthermore, the digestibility of EE,
NDF and ADF in FML + CT group was significantly higher
(P<0.05) than that in Ctrl group after weaning.

In conclusion, FML could be used to enhance BW of
calves through enhancing apparent digestibility of EE of
the diet, and increased the level of serum GH and IGF-1
in calves after the age of 56 days. CT enhanced the BW of
calves before weaning through increasing the apparent
digestibility of NDF of the diet, and elevated the apparent
digestibility of EE of the diet of calves after weaning
through increasing the level of serum IGF-1 in calves.
Furthermore, the mixture of FML and CT plays a synergistic
role in enhancing growth, improving feed intake and
nutriment digestibility.
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Abstract

Cryptosporidiosis is a zoonotic infection contaminating via fecal-oral route. Cryptosporidium parvum has a wide host prevalance, but is more
epidemic in calves. This disease courses with high morbidity and mortality resulting considerable economic losses. In this study, halofuginon
(100 pg /kg/day for 7 days) was applied to calves infected with C. parvum and the effect of this treatment on acute phase proteins and
antioxidant capacity were investigated. Study group was comprised of sera of 10 Holstein calves aged 1-3 weeks, infected with C. parvum.
Blood samples were obtained from the animals before and after treatment of 7 days and serum amyloid A (SAA), haptoglobin (Hp), C-reactive
protein (CRP), ceruloplasmin (CP), malondialdehyde (MDA) levels and superoxide dismutase (SOD) and adenosine deaminase (ADA) activities
were measured in sera. Obtained data showed that there was no statistical difference between pre and post treatment SAA, CRP and MDA
levels, but a decrease was determined in post treatment Hp (P<0.001) and CP (P<0.05) levels, with ADA (P<0.05) and SOD (P<0.001) activities.
Eventually, it was determined that ADA and SOD activities and Hp and CP levels decreases by treatment in calves infected with C. parvum.

Keywords: Acute phase reactants, Antioxidant capacity, Cryptosporidium parvum

Cryptosporidium parvum ile Enfekte Buzagilarda Akut Faz Reaktanlari ve
Antioksidant Kapasitenin Arastirilmasi

Ozet

Kriptosporidiozis, fekal-oral yolla bulasan bir zoonoz enfeksiyondur. Cryptosporidium parvum yaygin prevalans gostermekle birlikte, buzagilarda
daha epidemik olarak seyretmektedir. Hastalik yliksek morbidite ve mortalitesine bagli olarak, ciddi ekonomik kayiplara neden olur. Bu
calismada, C. parvum ile enfekte buzagilara halofuginon (100 pg /kg/glin-7 giin) tedavisi uygulanmis ve bu tedavinin akut faz proteinleri ile
antioksidant kapasite tizerindeki etkileri arastinlmistir. Calisma grubu, C. parvum ile enfekte, 1-3 haftalik 10 Holstein buzagidan olusturulmustur.
Tedavi 6ncesi ve sonrasi alinan kan numunelerinde, serum amiloid A (SAA), haptoglobulin (Hp), C-reaktif protein (CRP), seruloplazmin (CP),
malondialdehid (MDA) seviyeleri ile stiperoksid dismutaz (SOD) ve adenozin deaminaz (ADA) aktiviteleri tespit edilmistir. Elde edilen veriler,
tedavi 6ncesi ve sonrasi SAA, CRP ve MDA seviyelerinde istatistiksel bir farklilik olmadigini, fakat tedavi sonrasi Hp (P<0.001) ve CP (P<0.05)
seviyeleri ile ADA (P<0.05) ve SOD (P<0.001) aktivitelerinde istatistiksel olarak anlamli bir dlisiis meydana geldigini ortaya koymustur. Sonug
olarak, C. parvum ile enfekte buzagilarda tedavi ile ADA ve SOD aktiviteleri ile Hp ve CP seviyelerinde diisiis saglandigi tespit edilmistir.

Anahtar sozciikler: Akut faz reaktanlari, Antioksidant kapasite, Cryptosporidium parvum

INTRODUCTION worldwide U2, Nearby leading major economic losses

in breeding, the agent is zoonotic and has a potential of

C. parvum is the most common enteral pathogen of  public health concern. Humans gain the infection by direct
neonatal calves and mortal cause of neonatal calf diarrhoea  contact with infected individuals or animals and ingestion
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of Cryptosporidium oocysts via contaminated food or
water B,

Cryptosporidium spp. directly affects the intestines
by multiplying at the microvillus borders of the enteric
epithelium, giving serious damage to the villi thereby
reduction of the absorptive surface and maldigestion and
malabsorption followed by diarrhoea . Occasionally, the
parasite may affect other tissues such as the respiratory
and renal epithelia in all the species of its spectrum 59,

Majority of cattle infections are due to C. parvum, C.
bovis, and C. Andersoni, but in pre-weaned calves C. parvum
is the dominant species 7.,

The sporulated oocysts spread by the faeces which has
long survival capacity with high resistence to environmental
conditions and this is the form frequently used in the
diagnosis in practice ©. Studies comparing the diagnostic
methods for Cryptosporidium parvum in calf faeces revealed
high sensitivity and specificity for the rapid tests .

There is no definite effective treatment assigned currently
for the therapy and prevention in bovine cryptosporidiosis,
but conventional therapy includes halofuginone lactate
together with providing good husbandry. Studies revealed
that halofuginone lactate is satisfactory both in the clinical
and prophylactic aspects reducing the environmental
contamination with Cryptosporidium oocysts .

Acute phase proteins are involved in the restoration
of homeostasis and preventing bacterial growth before
the acquired immunity development "%, Haptoglobin,
ceruloplasmin and a-1 acidglycoprotein are some of the
acute phase proteins triggered by infection. It is concluded
that, oxidative stress and reactive oxygen species (ROS)
due to tissue damage has a crucial role in the enteric
damage pathogenesis of farm animals ', Acute phase
proteins are an alternative path for monitoring clinical
course and may be useful for providing information in the
severity and prognosis "2,

The aim of this study is to investigate the effects of
conventional halofuginon (100 pg/kg/day for 7 days)
treatment on acute phase proteins and antioxidant capacity
by determining serum amyloid A (SAA), haptoglobin (Hp),
C-reactive protein (CRP), ceruloplasmin (CP), malondi-
aldehyde (MDA) levels and superoxide dismutase (SOD)
and adenosine deaminase (ADA) activities in calves
infected with C. parvum.

MATERIAL and METHODS

Animals

The study group was comprised of 10 Holstein calves
aged 1-3 weeks, infected with C. parvum. The calves were
housed in a 200 cow farm in which yellow, nasty smelling
and watery diarrhoea was observed in the neonates. Stool

specimen obtained directly from the rectum were analysed
for cryptosporidium oocyts with rapid kit, BIO K 155 (1x10
strips- Bio X Diagnostics) according to the manufacturers
instructions. All specimen were also analysed with carbol
fuchsin method. Blood specimen were obtained from
the calves before and after the treatment. Conventionel
treatment included Halocur® (MSD), Baytril® (Bayer) nearby
fluid therapy and supplemental vitamins.

Carbol Fuchsin Staining Method

Stool specimen obtained directly from rectum were
transferred to the laboratory in sterile plastic containers
in cold chain. All specimen were analysed with Heine's
carbol fuchsin staining method. For this purpose, 50 pl
of homogenised stool specimen were placed on slides
cleaned with ether-alcohol mixture. Same amount of
carbol fuchsin was added and a thin specimen smear was
prepared. After drying, a drop of immersion oil was added
and the slide cover was placed. Smears were examined at
X40 aggrandizement at microscope for Cryptosporidium
oocysts (Fig. 1).

SAA, CRP, Hp Analyses

CRP, SAA and haptoglobuline values were analysed with
ELISA, using phase bovine (Tridelta Development Limited,
Ireland) kits. Tests were performed according to the
standards and guidelines provided by the manufacturer.
All samples were calculated with a spectrophotometer
(Digital and Analogue Systems S.R.L.) at 450 nm.

Ceruloplasmin Analyses

Serum ceruloplasmin analyses were performed with
spectrophotometrically revised modified Ravin method
based on the oxidation of colorless phenilen diamine to a
blue-purple color product '3,

Fig 1. Cryptosporidium oocyts with carbol fuschin staining
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MDA Analyses

MDA levels were determined according to the method
of Yoshioko and Kawada "4, based on thiobarbuturic
acid (TBA) reactivity. According to this method, a stabile
red matter giving absorbans at 535 nm was formed by
warming lipid content in low pH and thiobarbituric acid
(TBA) containing medium resulting in unition of MDA and
two TBA molecules was spectophotometrically determined.
1.1.3.3-tetraetoxypropan dissolved in 2.5-5-10 and 20
pmol/L concentration ethyl alcohol was used for calibration.
MDA concentration was measured as an indirect marker
of oxidative stress in terms of TBARS (thiobarbituric acid
reactive substances), spectrophotometrically.

ADA Analyses

ADA in sera was determined at 37°C according to the
method of Giusti and Galanti ', based on the Bertholet
reaction, formation of coloured indophenol complex
from ammonia liberated from adenosine, and quantified
colorimetrically with spectrophotometer (Thermo Scientific,
Genesys 10S UV-Vis, USA). One unit of ADA is defined
as the amount of enzyme required to release 1 mmol of
ammonia/min from adenosine at standard assay condition.
Results were expressed as international unit of enzyme
activity.

SOD Analyses

SOD analyses were performed according to the
method of Podczasy and Wei ®, The method is based on
the principle of reduction of nitroblue tetrazolium (NBT)
by xantine-xantinoxidase system which is a superoxide
producer. Reducted NBT transforms to blue colored
fomazon and measured spectrophotometrically at 560 nm
(Thermo Scientific, Genesys 10S UV-Vis, USA). SOD activity
was expressed as unit/g protein (U/qg).

RESULTS

Obtained data revealed that there was no statistical
difference between pre and post treatment SAA, CRP
and MDA levels, but a decrease was determined in post
treatment Hp (P<0.001) and CP (P<0.05) levels, with ADA
(P<0.05) and SOD (P<0.001) activities (Table. 1, Fig. 2).
Eventually, it was determined that ADA and SOD activities
and Hp and CP levels decreases by treatment in calves
infected with C. parvum

DISCUSSION

Enteritis and diarrhoea are major causes of neonatal
calf mortality and C. parvum is the most common enteral
pathogen of neonatal calves @ also having a zoonotic
potential "7, The disease is spread by the oocyts shed with
stool and once ingested by the host, the endogenous

Table 1. Pre and posttreatment acute phase proteins and antioxidant
capacity parameters

Parameter Pretreatment (n=10) Posttreatment (n=10)
SOD 51.8+t16.4 138.6x£14.4
MDA 0.34+0.06 0.44+0.08
ADA 42.33+5.21 16.84+4.22
cP 20.65+1.25 18.41+0.68
SAA 426.3+52.7 339.4+26.6
HAPTO 1.26+0.13 0.54+0.07
CRP 0.29+0.03 0.22+0.04

phase starts with the invasion of target cells. Following
biological steps are schizogony, gametogony, fertilization,
and sporogony .,

CD4* T cells has a crucial defense action in the immune
response against C. parvum infection "8, One other
component of protective immunity is interferon (IFN)-y
action and Th2 cytokines "8, Interleukin (IL)-12 is another
part of defens against C.parvum 1'%, The involvement of IL-12
and (IFN)-y in host defense shows that a Th1 cell-mediated
response is important ?%. IFN-c is also a significant element
in the immune response against C. Parvum 2",

The acute phase response is a nonspecific reaction to
tissue damage as the result of infection, inflammation,
neoplasia and immunological disease "%, It triggers
the production of acute-phase proteins (such as a-1
acidglycoprotein, haptoglobin and ceruloplasmin) and
involves local and systemic effects and acute phase
proteins are also the components of innate immunity
mediated by cytokines "%, In the present study, elevation
of Hp and ceruloplasmin in clinically ill calves infected with
C. parvum and statistically significant decrease following
recovery by the therapy is concordant with literature.

Oxidative stress is created as the result of insufficient
antioxidant enzyme asset or overproduction of free
radicals in the body. Free radicals and lipid peroxidation
has detrimental effects to the cell ?2. MDA a product of
lipid peroxidation is an important indicator of oxidative
damage of cell membrane as it is the most abundant
aldehyde formed . Our findings was surprising in this
aspect because MDA was the only parameter elevated
following therapy. This may be attributed to the very
abundant nature of the enzyme as the posttreatment
specimen obtaining was just after the therapy and the
animals were newly recovered from a devastating disease
condition.

Superoxide dismutase (SOD) is a component of the
compensatory reflex of the metabolism to oxidative
damage targeting to neutralize the free radicals 4, Our
findings supported the literature as the high levels of SOD
regressed by the treatment.
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Fig 2. Pre and posttreatment SAA, Hp, CRP, CP,
MDA SOD and ADA levels

ADA is important in cellular immunity and its major
site of action is in the formation and differentiation of
lymphocytes in lymphoid cells 2. ADA binds cell surface
receptors and promps T cells and ADA activity is directly
related to the immune resonse 9, therefore the high ADA
activity observed pretreatment in the present study reveals
the potent immune response against C. Parvum infection
and though statistically insignificant, a slight decrease in
ADA level following therapy shows the regression of the
infection.

The acute phase response SAA was characterised by a
large individual variation 27, SAA is reported as one of the
major acute phase proteins that increases significantly in

diarrhoeic calves up to four weeks of age and could be used
as a reliable indicator of clinical severity ?¥. Concordantly,
high SAA levels were determined in clinically infected
neonatal calves in the present study, but decrease in SAA
level after therapy was not statistically significant.

CRP increase during acute phase response like other
acute phase proteins 2%, Our data showed high CRP levels
in clinically ill calves whereas not a significant decrease
was determined following therapy. This may be related to
the regression period.

As the existence of oxidant activity is proven in C. parvum
infection of calves, some authors reports that antioxidant
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supplementation with standard treatment will promise a
better therapeutic response ?°3%, where on the other side
some other researchers administration of antioxidants will
exacerbate C. parvum infection 22, Although a therapy
attempt with antioxidants and evaluation of the effects
was not aforementioned in the present study, obtained
data on the acute phase response and antioxidant
capacity in C. parvum infection of calves makes us think
that the effects of antioxidant supplementation additional
to the conventional therapy must be enlightened with the
further studies.

In conclusion, obtained data of the present study
showed that serum Hp and CP levels with ADA and SOD
activities significantly decreased after treatment in calves
clinically infected with C. parvum and screening for these
values, though not sufficient for establishing a specific
diagnosis, may be alternative indicators of the severity and
the prognosis of the disease.
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Abstract

Objective of the study was to assess whether there are some differences in biometric measurements of the reproductive organs using mechanical
sector or linear array ultrasound probe in comparison to the macroscopic measurements. The results revealed no significant differences between
ultrasonographic (USG) images in comparison to macroscopic features. High correlations between post - mortem biometric measurements of
examined structures and monitored via USG in conscious animals using both probes were found (P<0.001). In conclusion, both USG systems
can be effectively used as clinical and research tools in the field of examination of bovine reproductive tract status.

Keywords: USG, Linear probe, Mechanical sector probe, Cow

iki Farkli Prob (Mekanik Sektér ve Dogrusal Olanlar) Kullanarak
Alinan Ultrasonografik Goriintiilerin Karsilastiriimasi ve Sigir Ureme

Organlarinin Makroskobik Ozellikleri: Biyometrik Calismalar

Ozet

Bu calismanin amaci, ineklerde Greme organlarinin mekanik sektor veya linear ultrasonografi probu kullanilarak yapilan makroskopik biyometrik
olctimleri arasinda bir farkin olup olmadigini karsilastirmaktir. Calismadan elde edilen sonuglar, makroskopik 6zellikler agisindan ultrasonografik
(USG) goruntuler arasinda bir fark olmadigini géstermistir. Post-mortem muayeneler ile canli hayvanlarda yapilan muayeneler arasinda, her iki
USG probu ile incelenen yapilarda yiiksek korelasyon bulundu (P<0.001). Sonug olarak, ineklerde reprodktif organlarin klinik muayenesinde
ve bilimsel arastirmalarinda her iki USG sistemi de etkin bir sekilde kullanilabilir.

Anabhtar sézciikler: USG, Lineer prob, Mekanik sektér prob, inek

in the area of pregnancy diagnosis 34, fetal sex determi-
nation ¥, characteristic of reproductive system disorders
in cows (endometritis, pyometra), transvaginal oocyte

INTRODUCTION

In veterinary practice, ultrasonography (USG) is the

most profound technological advance to study changes
in the ovarian morphology, including the characterization of
bovine follicular waves and corpus luteum (CL) develop-
ment during the estrous cycle and pregnancy . The
ultrasonographic examination is useful in the diagnosis
of ovarian cysts and ovarian tumors in cattle ©?. Moreover,

retrieval (ovum pick up) ¥, USG has proved to be
particularly important technique 7. Recent applications of
USG in bovine reproduction includes color Doppler USG ©
and mammary gland USG ®. Most ultrasound scanners
routinely used in bovine reproduction are B-mode
(brightness modality) real-time scanners, equipped with
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probes of varying frequencies. The commonly used
frequencies in bovine reproduction are 3.5, 5.0 and 7.5
MHz, depending on the type of scanner . The higher
frequency probes create better USG images ©. There
are two types of probes used commonly in veterinary
reproductive practice: linear (frequencies of 5-7.5 MHz)
and the sector probe (frequencies of 3.5-7 MHz) ™. The
data comparing mechanical sector probe to the linear
array probe are very limited ®'%,

In our study we assume that there are no differences
between ultrasonographic features of bovine reproductive
track structures and their macroscopic features. The purpose
of present study was to compare biometric measurements
of the reproductive organs using sector or linear probes
against macroscopic measurements (post-mortem) in cows.
The practical purpose of this study was to show the
advantages or possible defects of both ultrasound scanners.

MATERIAL and METHODS

Animals

All animal procedures were approved by the Local
Animal Care and Use Committee, University of Warmia
and Mazury in Olsztyn, Poland (85/2012). This study was
conducted in Pomerania, northern Poland during April
2014 to May 2015. Target population was consisted of
Polish Holstein - Friesian cows (free of IBR/IPV, BVD/BM,
EBL), which were under registration of the dairy herd
improvement program, by Polish Federation of Cattle
Breeders and Dairy Farmers. In the studied herd, the
animals had non-seasonal reproductive programs and
were bred routinely by artificial insemination. The farm
had veterinary and nutrition consultants. Experimental
cows (3 and more lactation) were culled from the farm
because of the low milk production. The animals (n = 24)
were housed in an intensive indoor barn system, milked
twice a day and fed with a total mixed ration ad libitum to
meet nutritional requirements of lactating cows (20-25
L per day), BCS (Body Condition Score) = 3.5.

Experimental Procedures

Comparison of ultrasonographic images retrieved using
two different probes (mechanical sector and linear ones)
and macroscopic features of bovine reproductive organs:
biometric studies. For transrectal USG examinations two
types of probes Draminski Animal Profi Scanner (Draminski
Electronics in Agriculture, Poland) were used: (i) mechanical
sector (3.5/5.0/7.0 MHz; 180°) and (ii) linear probe (7.5
MHz). All examined structures were imaged before animals
slaughter in local abattoir (Zaktady Miesne “Warmia”
Biskupiec). Then not later than 1-h after ultrasonographic
examination the genitalia were collected from slaughtered
cows and transported to the laboratory within 40 min after
collection. Ovaries were cut with the knife and observed
in cross-section. Measurements of separated uteri

were done in cross-section of the cranial tip of active
uterine horn.

Statistical analysis

Data were analyzed using correlations analyses
(GraphPad Prism, version 5.00; GraphPad Software). P<0.05
was considered significant.

RESULTS

In the experiment a representative USG images and
macroscopic findings in a cross-section of the follicle, CL or
uterine horn are present on Fig. 1, Fig. 2 and Fig. 3. Corpora
lutea (CL) were imaged in 16 ovaries, follicles (in various
size) in 13 ovaries. Cysts were found in 6 ovaries, which
were excluded for further correlation analyses. Uteri (n =
17) shown no pathological changes in their structures and
were included for further correlation analyses. Additionally,
we diagnosed endometritis (n = 5), pyometra (n = 1) and
pregnancy (8-10 week; n = 1). These results were excluded
for further correlation analyses. In respect to follicles
(Fig. 1), high correlations between USG measurements of
follicular diameter and assessed post-mortem were found
(r =0.88 and r = 0. 87, respectively; P<0.001). Similarly, we
demonstrated correlations between USG and macroscopic
measurements of the CL (Fig. 2) using sector or linear
ultrasound probe compared to post-mortem findings
(r = 0.94 and r = 0.91, respectively; P<0.001). Moreover,
we found correlations between post-mortem biometric
measurements and ultrasonographic images of uteri (Fig.
3) using sector or linear ultrasound probes (r = 0.96, r =
0.90; respectively; P<0.001).

DISSCUSION

Practical application of USG by veterinarians for
reproductive organs examination is the most important
method in livestock industry. Thus, the clarification of the
ultrasonographic images is necessary to obtain a precision
in the diagnosis of physiological and pathological ovarian
structures and conditions of bovine uterus ' The USG
examination of the ovaries and uterus in cows has been
described in detail '3, Moreover, previous studies have
already compared the ultrasonographic features with
macroscopic findings of examined structures '“. However,
in this study we compared ultrasonographic images
obtained from both sector and linear probes. Therefore,
practical purpose of our study was to show the advantages
and similarity or possible defects of both probes.

In our experiment we found that the images of
reproductive organs discernible by USG corresponded
to their macroscopic features. Moreover, we determined
the significant correlations between the size of examined
structures measured by USG using both probes and related
measurements assessed post-mortem. Similar results were
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Fig 1. A representative ultrasonographic image and macroscopic finding in a cross-section of the
follicle: (a) generated using a sector probe; (b) generated using a linear probe; (c) macroscopic finding
of the follicle; (d) Correlation between diameter (mm) of the follicles evaluated using sector and linear

- sector probe
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Fig 2. A representative ultrasonographic image and macroscopic finding in a cross-section of the
CL: (a) generated using a sector probe; (b) generated using linear probe; (c) Macroscopic finding of
the CL; (d) Correlation between diameter (mm) of the CL evaluated using sector and linear probe in

obtained by other authors who
have found relationship between
USG (using 5 MHz probe) and
macroscopic measurements of
follicles '3l Moreover, Pierson
and Ginther " have also reported
high correlations between in vivo
USG and post-mortem features
of examined CL. In respect to
the uteri similar findings were
confirmed by Saito et al.'".

In the practical purpose, both
systems can be used forimagining
of bovine reproductive organs.
Our results showed that there
were no differences between ultra-
sonographic features of repro-
ductive organs achieved using
both probes and their macro-
scopic features. Mechanical sector
scanners offer multi-frequency
capability, making them multi-
functional and universal scanners.
For early pregnancy diagnosis a
5 MHz or 7.5 MHz probe tends to
provide more reliable results B.
The linear probes using offer more
detailed imaging of examined
structures, which predisposes
these probes for use in clinical
trials (diagnosis of reproductive
tract disorders). Moreover, Ribadu
and Nakao ™ suggested that in
routine bovine reproductive ultra-
sonography a 5 MHz linear rectal
probe is the most effective.

In conclusion, the results
of our experiment revealed no
significant differences between
ultrasonographic images retrieved
by both probes in comparison to
macroscopic features. Moreover,
high correlations between post-
mortem biometric measurements
of examined structures and
monitored via USG in conscious
animals using both probes were
found.
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Fig 3. A representative ultrasonographic image and macroscopic finding in a cross - section of uterine
horn: (a) generated using a sector probe; (b) generated using a linear probe; (c) Macroscopic finding
of uterine horn; (d) Correlation between diameter (mm) of uterine horn generated using sector and
linear probe in comparison to real measurements (mm)
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Abstract

Reconstructing the veterinary services was added to the agenda at the (National) Economy Congress in Izmir in 1923. Scientists from abroad were
invited for their advice on animal diseases and animal breeding. Polish Professor Rostafinski was invited by Siikrii Kaya, the Minister of Agriculture
during that period. Rostafinski came to Turkey in November 1924. After his researches on husbandry in Western Anatolia, he presented his opinions
in a 31- page report to the Ministry of Agriculture. He advised that pedigree records of horses should be tracked, horse raising should be adopted as
a government policy. For cattle, it is important to determine the needs of the peasants. This study aims to identify the husbandry conditions in that
period concerning the report on the husbandry in Western Anatolia.

Keywords: Rostafinski, Specialist report, Animal breeding, Husbandry in the Turkish Republic period, Veterinary history

Tiirkiye Cumhuriyeti'nin ilk Yillarinda Hayvan Islahi Alaninda Bilimsel
isbirligi Ornegi Olarak Profesér Rostafinski’'nin Raporu Uzerine Bir inceleme

Ozet

Cumbhuriyetin ilanindan sonra, izmirde 1923 yilinda toplanan iktisat Kongresinde veteriner hekimlik hizmetlerinin de yeniden diizenlenmesi
glindeme gelmistir. Hayvan hastaliklari ve hayvan islahi konularina iliskin gorusleri icin yurtdisindan bilim adamlari davet edilmistir. Donemin Ziraat
Vekili Stikrii Kaya tarafindan davet edilen Polonyali Profesér Rostafinski, 1924 yili Kasim ayinda Turkiye'ye gelerek Bati Anadolu'daki hayvancilik
Uzerinde incelemelerde bulunmus ve gorislerini Ziraat Vekaletine 31 sayfalik bir raporla sunmustur. Raporda, atlar icin pedigrilerinin tutulmasinin,
at yetistirmenin devlet politikasi olmasi, sigir icinse dnce koyllnin ihtiyacinin belirlenmesi gerekliligini gibi 6nerilerde bulunmustur. Bu ¢alisma ile
Bati Anadolu hayvanciligina iliskin rapor temel alinarak dénemim hayvancilik alanindaki durumu belirlemek amaglanmistir.

Anahtar sozciikler: Rostafinski, Miitehassis raporu, Hayvan islah, Tiirkiye Cumhuriyeti déneminde hayvancilik, Veteriner hekimligi tarihi

INTRODUCTION to designate the economical restrictions and development
procedures and principles of the newly established Turkish

Between the late Ottoman and the early Turkish Republic ~ Republic, husbandry development and breeding subjects
period, husbandry, zootechnics and veterinary institutions ~ were evaluated at the 1% Economy Congress held in 1924.
activities became impossible under adverse circumstances At the congress, it was emphasized on !.. takes pains over
because of the war 4. Under these circumstances, in order  its animals as well as correcting their strains and augments
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their quantity’ under the act 8, National Economy
Principles B4, In addition, a five-year plan was formulated
for the purpose of reconstructing the veterinary services,
and it was put in practice in 1925 ',

Animal breeding was detected in the curriculum of
veterinary education during the Ottoman period ©7.,
During this period, it was seen that campaign activities on
animal breeding and epidemic subjects were practiced. It
is known that some studies were performed to build up a
stud farm in Thessaloniki, a stallion warehouse in Monastery
and in Kosovo in 1907, by Department of Veterinary Affairs
and Animal Breeding (Islah-1 Hayvanat ve Umdru Baytariye
Subesi), which was founded on 29" October, 1892. Along
with the Proclamation of Constitutional Monarchy, animal
breeding gained importance. The number of warehouses
in Rumelia augmented to five, and 12 warehouses were
established in Anatolia *®. After the Proclamation of
Republic, scientists from abroad were invited to study
animal species in Turkey along with their breeding methods,
and to advise on animal diseases. Within the scope of the
advice of the scientists, laws and orders were imposed,
whilst various studies were performed to develop animal
husbandry in Turkey 5219,

Prof. Jan Rostafinski (1882-1966) was one of the
specialists who was invited to Turkey. He was a Polish
scientist who studied animal husbandry and animal
breeding and development. He was kept in captivity in
Jewish prison camp ',

In this study, it is aimed to present animal husbandry
and veterinary conditions in Western Anatolia Dourineg
that specific period related with the report of Professor
Rostafinski.

MATERIAL and METHODS

Thirty-one pages of the report of Ministry of Agriculture
Expertise Reports, Veterinary Part (Ziraat Vekaleti Mitehassis
Raporlari, Baytar Kismi) published, in 1927 forms the first
chapter of the research material (Fig. 1). The text was
summarized whilst being translated from Ottoman Turkish
to Modern Turkish, and it was evaluated through related
surveyed documents and literature.

RESULTS

The report (31 pages) that Professor Rostafinski (Fig. 2)
presented to the Ministry of Agriculture, which was written
in Ottoman Turkish (240 pages) forms the first chapter of
‘Ministry of Agriculture Expertise Reports, Veterinary Part.
The report begins with the clause ‘A copy of the report
presented by Professor Rostafinski’ and states that upon
the invitation received from Sukri Kaya, term Minister of
Agriculture, Rostafinski traveled to Western Anatolia for the
purpose of studying and evaluating the animals in Western

Fig 1. The first chapter of the research material

Anatolia with the help of Sefik (Kolayli), bacteriologist at
Ministry of Agriculture and Mr. Yasar, the Administrator
of Agriculture in Izmir. Apart from Ankara, the journey
includes stud horse warehouse in Eskisehir-Cifteler
Farm, stud farm in Bursa-Karacabey, Buca-lzmir (draught
animals, Izmir Agriculture School), Selcuk, Soke, Aydin,
Omurlu, Denizli (stud horse warehouse), Dinar, Sandikli,
Afyonkarahisar. Professor Rostafinski expressed his opinion
in detail about the strains of horses, cattle and sheep. Even
though he remarked that he added an animal breeding
project to his report, that part does not appear in the book.
In his report, Rostafinski gave wide publicity to Karacabey
Farm, which was handed over to Ministry of Agriculture
upon his arrival. The professor stated in his report that
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Prof. Dr. Jan Rostafinski.

Fig 2. Professor Rostafinski

unless it is hybridized with ‘Nonius. He noted that the
biggest problem of animal breeding was the reason that
racing associations in Izmir, Istanbul and Karacabey were
not subsidized. He specified that the field structure of
Karacabey studfarm was suitable to be transform into a
race track; and he suggested that the race horses should
be bred in that place. He emphasized that if they work
fast enough, Turkey could be a significant worldwide “east
animal (probably Arabian horse) resource. He indicated
that horse breeding should be adopted as a government
policy and animal owners should be encouraged.

Suggestions of Professor for Western Anatolia region
horse breeding follows as: between 1.45 and 1.50 meters of
pedigreed ‘English-Arabian; ‘Arabian-Karabag’ or hybridized
from amble stallions should be used in the coastal region.
In the highlands without a pasture, Arabian or ‘Arabian-
Karabag’ hybrids, mares or overweight stallions, with
height of 1.48 should be used. Even if it is a ‘Nonius’ strain,
it should not be imported from countries with severe
climate conditions. Horse racing should be organized in
the studfarms for Arabian, English and Karabag horse

strains, even for short-mountain
horses in Anatolia. Russian and
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Mongolian horses which were
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bred with tropical animals
and have lost their pure race
should not be used for breeding.
Hybrids whose pedigree are not
defined shall not be used for
breeding. For an appropriate
breeding programme, the
pedigree must be determined
and tracked decently! The
qualities of broods in Cifteler
L Warehouse, Karacabey Studfarm
and Denizli Warehouse were
I described one by one, with
appendixes in the following
part of the report about the
horses. He suggested that the
markers on animals should be

LD changed so that the animals in
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Karacabey shall not be mixed

with the animals in Cifteler

Fig 3. The book on Rostafinski’s Anatolian observations

farm.

none of the animals in the Cifteler Stud Horse Warehouse
had any pedigree and despite the misimplementation in
the stud farm, it had a positive effect on the environment.
Karacabey: Apart from the draught animals, it was stated
that there were 12 studhorses, 28 mares in the warehouse,
together with 7 mares, 23 studhorses and 70 foals, which
were transferred from Cifteler warehouse. Since the most
appropriate strain for Turkey is ‘Karabag, he suggested
that this strain should be bred and protected in Turkey

He stated that the purpose

was to distinguish the animals

one from another. He said ‘a horseshoe, with the endspointing
down with a nail in the middle, which | present its drawing
below can be considered as a marking. Acceptance of
such marking method is important for state studhorses'’.
He highlighted that the most important issue was that
the stud farm had a budget and the amount determined
directly from Ministry of Agriculture. He indicated that it
was important that the stud farm should remain
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interconnected to Ministry of Agriculture, which would
help to gather the mandatory tools and materials quickly,
this would prevent loss of money and time.

He argued that when it comes to cattle breeding, it is
important to determine the needs of the peasants first. He
stated that animal breeding in Turkey should be studied
urgently on the animals at the coastal regions of Turkey
first, and later on, it should be practiced on the grey and
black cattle in the Central Anatolia.

In conclusion of this part of the report, he asserted that
for cattle breeding and raising, Polona strain shall neither
be raised nor used anymore, and this practice should
stop immediately. In addition, in order to increase the
population of red animals (cattle imported from Germany),
it was advised to import 2-3 breeding cattle and that it is
important to study and examine in Karacabey, which strain
is viable for the coastal regions and Turkey’s condition. He
also mentioned that it is essential to study breeding the
grey and black animals with ‘Algav’ and ‘Svitch’ hybrids.
Moreover, it is essential to teach the peasants how to
build and use a granary. He also added that the stud farms
should be reformed.

He began his statement in sheep breeding chapter by
expressing how sheep breeding is as important as horse
breeding for Turkish economy to protect the borders. He
asserted that the sheep stock in the country consists of
curly-fleeced sheep, fat-tailed sheep and Karaman sheep
which were imported from Rumelia. He indicated that all
those strains are important for their milk, meat and fur. He
remarked that there had been no considerable research
for animal husbandry in Turkey; and animal husbandry
studies should be carried on by the Ministry of Agriculture.

According to research, all his documents and photo-
graphs were destroyed during a bombardment in the
war period '. However, one of his books about Turkey was
published in Warsaw in 1929, which was named Autem i
araba przez Anatolie’ (Fig. 3).

DISCUSSION

In the evaluation section of the institution, previously
called Cifteler Studhorse but later evacuated because of
the incidence of Glanders and Dourine disease 4, and
named Cifteler Stallion Ware House, he stated that despite
the misimplementation of the stud management, the
horses of villagers were in good condition. After 10 years,
when invited for a related subject, the expert Professor
Welleman emphasized in his report to the Ministry of
Agriculture that Cifteler Studhorse made a positive impact
on Turkish horse-breeding in 1934 23,

In the assessment report of a 10-year study on animal
husbandry in the Republican period ¥, the other experts

" E-mail correspondence with the grandson of Prof. Rostafinski in 2012

who were invited previously and Professor Rostafinksi were
not mentioned; however, the subject about identification
of races, which was also mentioned in his report, had been
referred to. Professor made vital recommendations on
how to improve presence of animals in future of Turkey.
It can be said that in the experts’ reports which were
considered Dourineg the implementation of the Republic
development policy %, and in the above-mentioned
report ' conflicts with these recommendations.

His indication that the breeders should be encouraged
through exhibitions and competitions in animal breeding,
which highlights the impact of rewarding in good and
quality animal husbandry by referring to the current
situation can be accepted as an important guidance
to be effective in animal breeding studies. In addition,
considering an active participation of breeders on animal
breeding, his suggestion on supporting the relevant non-
governmental organizations - only if they are inspected -
can be considered as an another dimension.

Professor Rostafinski offered to use a special marker for
Karacabey Stud animals which was not used in European
studs and stated that accepting such kind of marker is
very important for a state stud. Professor indicated that he
suggests a figure for this marker in his report However, it
is not determined either in his report or in his studies.

In conclusion, before Professor Rostafinski’s report, any
scientific or actual study on the subject is not detected.
It can be said that the report is important from the
perspective of providing information about the origins
and phenotypes of the animals in the related period. Also,
when it is reviewed as the quality and quantity of Western
Anatolia animals, it can be expressed as an important
historical source.
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Abstract

Trichophyton (T.) mentagrophytes is common tineas infection with high incidence in rabbits and also a classical zoonotic infection in people exposed
to infected animals. However, many cases never got a correct diagnosis, let alone considerable management and treatment, which could cause
certain economic losses in rabbit farms. An outbreak of a highly contagious skin disease infecting rabbits and accompanying all farm staff on a
large scale rabbit farm in China was investigated. The disease was diagnosed by routine physical examinations, and the etiology of the disease was
identified as T. mentagrophytes by fungal culture, sequence of ribosomal internal transcribed spacer (ITS+) and chitin synthase-1 gene (pchs-1). To
date, there is no report of Dermatomycoses infection in rabbits accompanied by farm staff infection in mainland China. In this case, the etiology is
identified by using advanced molecular techniques and clinical, microbiological aspects and the histological features of the infection are described.

Keywords: Dermatomycosis, Zoonosis, Trichophyton, Rabbits

Cin'de Ciftlik Calisanlari ile Birlikte Tavsanlarda Trichophyton mentagrophytes
Enfeksiyonu Olgusu

Ozet

Trichophyton (T.) mentagrophytes tavsanlarda yiiksek oranda gézlemlenen yaygin bir mantar enfeksiyonu olup enfekte hayvanlarla temas halindeki
insanlarda da gozlemlenen klasik zoonotik bir enfeksiyondur. Tavsan ciftliklerinde ¢ogu vaka dogru teshis edilemeyip bakim ve tedavi masraflari
sebebiyle 6nemli ekonomik kayiplarin olusmasina neden olabilmektedir. Bu calismada Cin'de buytk 6lcekli bir tavsan ciftligindeki tavsanlarda ve
ciftlik calisanlarinda goézlemlenen oldukga bulasici bir deri hastaligi salgintincelendi. Hastaligin rutin fiziksel muayene ile tanisi konuldu ve hastaligin
etiyolojisi fungal kiltur, ribozomal internal transkript spacer (ITS+) ve kitin sentaz-1 gen sekanslari ile T. mentagrophytes olarak belirlendi. Bugiine
kadar Cin'de tavsanlarda ve ciftlik calisanlarinda ayni zamanli olarak tespit edilen Dermatomycoses enfeksiyonuna dair bir rapor bulunmamaktadir.
Bu vakada etiyoloji gelismis molekdler teknik, klinik, mikrobiyolojik ve hastaligin histolojik yapisi ile tanimlandi.

Anahtar sézciikler: Dermatomikoz, Zoonoz, Trichophyton, Tavsan

mycetes, which incubates and develops in keratin tissues
and damages the skin, hair and nails of the animals. T.
mentagrophytes infection is characterized by inflamed,
itchy skin with irregular lumps, alopecia, and dermatitis 2.

INTRODUCTION

Rabbit dermatophytoses are highly contagious zoono-
tic diseases. The organisms causing these dermato-

phytoses mainly include Trichophyton, Microsporum and
Epidermophyton genera within the Fungi Imperfecti, most
of which reproduce asexually by sprouting or budding ™.
Many types of Trichophyton can infect humans as well as
animals. For instance, Trichophyton rubrum, Trichophyton
mentagrophytes (T. mentagrophytes), Trichophyton tonsurans,
Trichophyton verrucosum and Trichophyton schoenleinii
are common in clinical infections. Among rabbits, T.
mentagrophytes is one of the most important patho-

Previous epidemiological studies have demonstrated
a high incidence of T. mentagrophytes in rabbits and its
transmission to humans 5, but there are no case reports
in mainland China. In this study, we diagnosed a case of
a highly contagious skin disease infecting rabbits and all
farm staff on a large scale rabbit farm in this region as T.
mentagrophytes by using advanced molecular techniques
and clinical, microbiological aspects and the histological
features of the infection are described.
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Trichophyton mentagrophytes Infection in Rabbits and Farm Staft

CASE HISTORY

During a technical visit to a large scale farm containing
approximately 1000 rabbits in the Fujian Province of
China, a case of highly contagious rabbit dermatophytoses
was reported. Prior to our visit, over a 5 week period,
approximately 70% of rabbits of all ages had developed
or were developing hair loss, crusts and scales. Meanwhile,
all farm staff, including 6 males and 2 females (20 to
30 years of age), who were exposed to the sick rabbits
successively showed itching ringworm lesions. They did
not realize they suffered from dermatophyte infection and
treated the lesions themselves with topical applications of
iodine tincture. The skin lesions of some of the staff had
recovered while some were still suffering dermatoses. At
the beginning, the veterinarian diagnosed this disease
as bacterial infection, and antibiotics were administrated
to sick rabbits. During the outbreak, environmental dis-
infection was conducted in the rabbit houses, although
these measures had little effect. The disease spread to the
entire farm, including accompanying staff and they asked
us for assistance.

Dermatological examination revealed hair loss and
scales on all body locations. A great deal of canary crusts
was present on the top of the head of rabbits with alopecia
(Fig. 1A). Numerous canary scales were present around
the eyes, the ears and the back. Hair loss appeared also
on the abdomen and limbs. In infected staff, the lesion
sites were mainly on the finger joints, palms, arms, necks
and legs, with symptoms of itching, redness, peeling and
blistering. An approximately 30 mmx30 mm circular lesion
on the palm side of the left hand was sharply marginated
erythema (Fig. 1B).

Initially, direct microscopic examination of rabbit skin
crusts and scales with 15% KOH showed septate, and
branching hyphae by re-examination, confirming our
hypothesis of dermatophyte infection. Rabbit skin samples
of nine rabbits and cotton swab samples of three infected
staff members were inoculated onto slants of Sabouraud
glucose agar (Hangzhou Tianhe Microorganism Reagent

Co, Ltd, China) with 10° U/L penicillin (Beyotime, China)
and 10 mg/L of chloramphenicol (Shanhai Sangon Biotech,
China). The cultures were incubated in an incubator at
28°C. After 7 d, white mycelium were seen at the beginning,
turning gradually to irregularly shaped colonies with
a powdery surface (Fig. 2A, Fig. 2B). Under microscopic
observation, elongated mycelium could be seen with
septate and branching (Fig. 2C). Two types of spores
were observed. The large conidia were rod-like with 6-8
divisions and few in number (Fig. 2D), while small conidia
were round or pear-shaped with large numbers (Fig. 2E).
The morphology of colonies, the mycelium and spores
from different samples looked very similar, suggesting the
tiological agents of dermatophyte infection in the rabbits
and farm staff were identical.

To molecularly identify the dermatophyte, a region
(ITS+, 900-950 bp) spanning across the ITS-1, 5.8 S and
ITS-2 of the nuclear ribosomal and part of chitin synthase
1 gene (CHS-1) gene (897 bp) were amplified separately
using specific primers as the following: ITS+ (forward primer
5'-CCAGGGAGGTTGGAAACGACCG-3’; reverse primer 5-CTA
CAAATTACAACTCGGACCC-3'), CHS-1 (forward primer 5'-
GACTGTCCCATTCCACCA-3'; reverse primer 5-GTTCTTGTC
ATTCTGTAGCG-3'). All ITS+ and CHS-1 amplicons produced
from genomic DNA samples were purified using mini-
columns (OMEGA bio-tek, USA) and automated nucleotide
sequencing was performed using 3730XL DNA Analyzer
with the BigDye terminator v3.1 by Shanghai SanGong
Biological Engineering Technology Service Co., LTD, China.
The sequences of CHS-1 from different DNA samples
were identical, as were the ITS+ sequences. These results
demonstrated that the rabbits must have been the source
of the farm staff infection. Sequence data reported in this
paper are available in GenBank under accession numbers
KM355551 (ITS+) and KM355549 (CHS-1). The sequences
were aligned with previously published sequences from
GenBank by using the ClustalW method, identifying
the dermatophyte infection as T. mentagrophytes and
confirming that the strains isolated from nine rabbits and
three staff are identical.

Fig 1. A- Numerous canary crusts
and large scales were present on
the head of rabbits with hair loss,
B- An approximately 30 mmx30
mm circular lesion on the palm side
of the left hand of an infected staff
member was sharply emarginated
erythema
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Fig 3. A- Plentiful laminar ortho-
keratotic keratinization (arrows)
covering the hair follicles, B-
Compact hyperkeratosis (arrows)
covering the stratum corneum and
hair follicles (H&E, x40)

Fig 2. A- Cultured pure T.
mentagrophytes: surface of colony
show powder-like shape, white,
loose irregular mycelium on the
edge, B- Back side of Trichophyton
mentagrophytes: pale yellow color,
C- Mycelium: elongated, divisions
and branches, D- Large conidia
(size: 4-8x40-50 um), E- Small
conidia (size: 2-3x2-4 pm) and
mycelium

In order to understand histological features of T.
mentagrophytes infection in rabbits, biopsy specimens
from the back skin of a severe infected rabbit were obtained
and submitted for histological examination. In the
epidermis, the general changes were acanthosis, multifocal
spongiosis, hyperplasia of epidermal cells, lymphocyte
infiltration in the basal layer, and lamellar or compact
hyperkeratosis present in the hair follicles and the stratum
corneum (Fig. 3A, Fig. 3B). By further examination, the

Fig 4. A- Numerous, round, fungal
spores in laminar hyperkeratotic
scale in the hair follicles, B- In
compact hyperkeratotic scale in
the hair follicles. Arrows show
fungal spores. (H&E, x200)

typical characteristic of the fungal infection was revealed.
In laminar hyperkeratotic scale (Fig. 4A) and compact
hyperkeratotic scale (Fig. 4B) in the transverse section
of hair follicles, at high power, numerous, round, fungal
spores were observed. Furthermore, longitudinal section
showed fungal spores with various shapes were widely
distributed throughout the hair follicles. In addition, a large
number of fungal spores were also observed in the laminar
orthokeratotic keratinization in the stratum corneum
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Fig 5. Stratum corneum on the back
skin. Large number fungal spores
and hyphae (arrows) were present
in the laminar orthokeratotic
keratinization (H&E, x40) Inset, high-
power photomicrograph shows
elongated, septate mycelium
(arrows), x1000)

(Fig. 5). However, fungal hyphae were mainly distrubuted
in the laminar orthokeratotic keratinization in the stratum
corneum, and inset showed mycelium were elongated and
obviously septate.

After hyphae were observed by direct microscopic
examination of rabbit skin scrapings, a miconazole nitrate
cream (Trade name: Da Ke Ning, Xi'an Janssen Pharma-
ceutical Ltd, China) was applied on affected areas of
the farm staff twice per day. The lesions disappeared
gradually and the infection resolved completely after one
week of treatment. In infected rabbits, the ten rabbits
with the heaviest crusts were euthanized and disposed
of appropriately. Those rabbits with heavier crusts were
separated in a single room, given the oral antifungal drug
griseofulvin (Beijing Zhong Xin Pharmaceutical Factory,
China) for four weeks. Meanwhile, voriconazole was
administered by intramuscular injection. Those rabbits with
light visible skin lesions were given only griseofulvin. At
the same time, the farm was disinfected and dehumidified
with quicklime. The dermatophytoses were under control
after one month of treatment and only sporadic cases
were encountered thereafter.

DISCUSSION

This case describes the first case of rabbit dermato-
phytes accompanying farm staff infection in Fujian
Province, China. The lack of epidemiological data on the
rabbit tinea in this region hampers the understanding of
its clinical significance. Before our technological visit, this
dermatophyte was misdiagnosed and under reported. In
this case, hyphae were observed by direct microscopic
examination, confirming our hypothesis of fungal infection.
Fungal culture is thought the most reliable technique
for confirming dermatophytosis ©. We performed the
fungal culture and we found the morphology of colonies,
the mycelium and spores from different samples looked
very similar. Biomolecular tools have been used for the
identification of rabbit dermatophytes by amplification
of CHS-1 gene and ITS+ sequence ©. By using molecular

methods, we identified the dermatophytic infection as T.
mentagrophytes and confirmed the strains isolated from
nine rabbits and three staff are identical.

After the preliminary diagnosis of fungal infection,
topical applications of miconazole nitrate cream was
performed immediately and effectively treated human
infections, but there were some problems with the control
dermatophytic infections in rabbit. Griseofulvin was added
into the fodder for oral administration and voriconazole
was administered by intramuscular injection. After four
weeks of continuous use, the epidemic situation was
effectively controlled. However, the use of these drugs
affected the growth and performance of the rabbits,
especially females, whose reproductive performance
decreased. Female rabbits developed symptoms like
premature birth and stillbirth, and some of them did not
come into estrus. After stopping medication, drug adverse
reaction gradually disappeared.

Despite the epidemiological and molecular features of
T. mentagophytes in rabbits having been documented E-7,
few studies have described histological features of rabbit
infection. In this study, histological examination revealed
a usual feature that lamellar or compact hyperkeratosis
was widely distributed in the hair follicles and the stratum
corneum. Most notably, we observed fungal hyphae
and spores in large numbers in laminar hyperkeratotic
scale in the stratum corneum and numerous spores were
widely distributed throughout the hair follicles. Based
on the above facts, it is reasonable to make predictions
that hyperkeratosis in the hair follicles and the stratum
corneum lead to the production of large numbers scales
and hair loss for ensuring the transmission of the fungus,
suggesting the main origination of transmission of this
fungus in rabbits is the infected hairs and scales.

Similarly, M. canis infection in cats and dogs and T.
verrucosum infection in calves show a usual feature of the
production of abundant arthrospores 4, By contrast, the
histological feature of T. mentagrophytes infection in dogs
shows hyphae and spores were usually sparse and often
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difficult to observed %, This discrepancy of histological
feature is presumably related to infection in adapted hosts
or nonadapted hosts. Thus, rabbits are likely a reliable host
for T. mentagophytes infection.
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Abstract

Dorsal luxation, avulsion or dislocation of the scapula is described as the dorsal displacement of the scapula, resulting from the rupture of
the ventral serratus, rhomboideus and trapezius muscles. In this report, we aimed to suggest a different way for the surgical treatment of
dorsal scapular luxation in cats. The study material comprised of 6 cats presented to our clinics. Intra-operatively, in all the patients it was
determined that the ventral serratus and rhomboideus muscles were ruptured, however, the trapezius muscle was undamaged. In surgical
intervention, cauterization of contact surfaces of two muscle to improve adhesion and suturing of serratus and rhombeideus muscles to
infraspinatus and supraspinatus muscles was carried out respectively. In the clinical follow-up examination on post-operative day 15, dorsal
luxation of the affected extremity during weight-bearing had completely disappeared in all of the patients. On the telephone consultation
2 months after operation, owners declared no complaints of lameness or recurrence of symptoms. In conclusion, the treatment model
suggested in this study is quite simple and minimally invasive which could be applied in the treatment of the dorsal scapular luxation in cats.

Keywords: Scapula, Dorsal luxation, Avulsion, Serratus ventralis, Rhombeideus, Cat

Kedilerde Dorsal Skapular Lukzasyonun Cerrahi Sagaltimi: Alti Olgu
(2010-2016)

Ozet

Skapulanin dorsal luksasyonu, avulziyonu ya da dislokasyonu, m. serratus ventralis, m. rhombeideus ve m. trapezeus kaslarinin rupturu
sonucu skapulanin dorsale yer degistirmesi olarak tanimlanir. Bu raporda, kedilerde dorsal skapular luksasyonun cerrahi sagaltimi igin farkli
bir metot 6nermek amaclanmistir. Calismanin materyalini klinigimize getirilen 6 kedi olusturdu. Operasyon esnasinda tim olgularda ventral
serratus ve rhombeideus kaslarinin yirtildigr ancak trapezeus kasinin hasar gérmedigi tespit edildi. Cerrahi midehalede sirasiyla, temas
ylizeyi bulunan iki kasin adezyonunu arttirmak icin koterizasyonu ve serratus ve rhombeideus kaslarinin, infraspinatus ve supraspinatus
kaslarina dikilme islemi gergeklestirildi. Postoperatif 15. glin yapilan kontrolde hastalarin timiinde basis esnasinda ilgili ekstremitenin
dorsale luksasyonunun tamamen ortadan kalktigi gortldi. Postoperatif 2. ay hasta sahipleriyle yapilan telefon goriismelerinde hastalarin
hicbirinde topallama sikayetinin ve niiks durumunun olmadigi 6grenildi. Sonug olarak bu ¢alismada, kedilerde skapulanin dorsal luksasyonu
icin 6nerilen sagaltim modelinin, daha kolay uygulanabilir, daha az invaziv ve tercih edilebilir bir metot oldugu sonucuna varildi.

Anahtar sézciikler: Skapula, Dorsal luksasyon, Avulziyon, Serratus ventralis, Rhombeideus, Kedi

INTRODUCTION area (synsarcosis) . These muscles that attach the scapula
and front legs to the chest wall are called the shoulder girdle

The scapula is a flat bone located in the cranio-dorsal muscles. The girdle muscles are classified as superficial and
region of the lateral chest wall. This bone does not have  deep. The trapezius muscle is superficial, while the ventral
a conventional joint with the torso, but is attached to the  serratus and rhomboideus muscles are deep muscles ©.
chest wall via a special arrangement of the muscles in the  The girdle muscles are among those commonly subjected
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to avulsion in cases of dorsal scapular luxation 54,

Dorsal scapular luxation, avulsion or dislocation is
described as the dorsal displacement of the scapula as a
result of the rupture of the ventral serratus, rhomboideus
and trapezius muscles "4, This rare condition is more
commonly observed in cats than in dogs and no breed or
age predilection has been determined . Dorsal luxations
of the scapula occur in relation to jumps, falls or bite
wounds. Within a few days following the injury, a distinct
soft tissue swelling is apparent in the region B

On clinical examination, dorsal displacement of the
scapula is clearly visible when the affected extremity is
weight-bearing. Also, adduction of the extremity causes
the scapula to be displaced laterally. Comparing the
position with the sound side simplifies the diagnosis ™.
As well as clinical examination, radiological examination
can be used in diagnosing patients with this condition.
Conditions resulting from thorax trauma such as rib
fractures, pulmonary contusions and pneumothorax can
be evaluated with radiological examination. The rate of
concurrent scapula fracture is low .,

In the surgical treatment of this condition, the techniques
used are: where possible, repairing the ruptured muscles
by suturing, or circling the 5%, 6™ or 7t rib with cerclage
wire and threading this through a hole drilled in the
caudal end of the scapula and fixing it. In some acute
cases in cats and small dogs, despite reports of recovery
by placing the extremity in a Valpeau sling and cage rest,
surgical intervention has been reported as necessary for
a satisfactory functional and cosmetic end result 15,

In the present study, the authors performed the
surgical treatment and post-operative follow-up of 6 cases
presenting with dorsal scapular luxation. The compiled
outcome was intended to suggest a treatment model to
overcome the negative aspects that could arise from fixing
the scapula to the ribs.

CASE HISTORY

Of the cats included in this study, 5 were female and 1
was male which were brought to our clinic between 2010-
2016, with a complaint of lameness. Breed distribution
was; 1 Turkish Angora cat and 5 mixed breed. In only 1 of
the patients (Turkish Angora) the age and history regarding
etiology could be obtained. This was a 1-year old cat and
dorsal scapular luxation had occurred due to falling from
a height. The remaining 5 cats had been found in the
street and presented to the clinic for treatment by their
new owners. Therefore, no definite information could be
obtained regarding either etiology or the age of the cats.
Prior to the operation, the cats’ teeth were examined and
all were determined to be adult cats. Scapular luxation
had occurred unilaterally in all the cases. While the Turkish

Angora cat had left-sided scapular luxation, 4 of the mixed
breed cats had left-sided and 1 had right-sided scapular
luxation.

On inspection, the scapula on the affected extremity
was seen to displace dorsally during walking and weight-
bearing (Fig. 1a). Neither walking nor orthopaedic
examination elicited any pain response in the patients.
When the related extremity was held at the elbow area and
rotated laterally, the medial surface of the scapula was seen
to detach laterally from the chest wall with ease (Fig. 1b).

Clinical examination did not reveal any swelling or
ecchymotic areas on or around the scapula. None of the
patients exhibited any respiratory distress or emphysema
in the thorax region. In the radiological examination, while
not encountering any scapular fractures, nor was there
any evidence of atelectasis, emphysema or pneumothorax
in the lungs. Pre-operative haemogram and serum bio-
chemistry findings were normal in all the patients.

Patients were intubated following an induction with
4-6mg/kg IV propofol (Pofol®, Sandoz). Anaesthesia was
maintained using 1.5-2.5% isoflurane (FORANE®, Abbott).
Patients were placed in lateral recumbency with the
affected extremity uppermost. The lateral thoracal wall
was shaved up to the distal third of the humerus and the
region was aseptically prepared.

A longitudinal skin incision was made along the caudal
edge of the scapula (Fig. 71c). Intra-operatively, in all
the patients it was determined that the ventral serratus
and rhomboideus muscles were ruptured, however, the
trapezius muscle was undamaged. After that, latissimus
dorsi and trapezius muscle was incised at the level of the
caudal edge of the scapula, exposing the medial surface
of the scapula and the thorax wall (Fig. 1d). The proximal
ends of the ventral serratus muscle were located. Since
the patients had been presented in the chronic period,
the proximal ends of this muscle were covered with
granulation tissue. In the first stage of surgical treatment,
in order to increase post-operative tissue adhesion, several
different points were cauterized on the subscapular and
ventral serratus muscles, which have a contact surface
on a non-luxated scapula (Fig. Te). Following this, the
ruptured section of the ventral serratus muscle was pulled
across the lateral surface of the scapula and sutured to
the supraspinatus and infraspinatus muscles using the
horizontal mattress suture technique. Similarly, the rhom-
boideus muscle was pulled over the scapular cartilage and
sutured to the infraspinatus muscle using the horizontal
mattress suture technique (Fig. 7fg). The incised portion
of the trapezius muscle, connective tissue and skin was
closed using the simple interrupted suture technique. For
all sutures, 2/0 monofilament absorbable suture material
was used. The extremity was kept in a Valpeau sling for 1
week and the patient’s movements were restricted for
15 days (Fig. 1h).
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Fig 1. Preoperative-postoperative appearance of a patient during weight bearing and surgical treatment process. Preoperative
appearance of dorsal scapular luxation, a; lateral rotation of effected limb and lateral displacement of scapula, b; longitudinal skin encision
along the caudal border of scapula, ¢; incision of undamaged latissimus dorsi and trapezius muscles, d; post-cauterization apparence of
the subscapularis and serratus ventralis muscles, e; pulling the ventral serratus muscle across the lateral surface of the scapula in order
to suture to the supraspinatus and infraspinatus muscles using the horizontal mattress suture technique, f-g; postoperative Valpeu sling
application, h; and postoperative 15th day appearance of the patient during weight bearing, i

The patients were re-examined on post-operative day
15 and discharged. Presence of dorsal scapular luxation was
not determined by inspection (Fig. 1i) in all of the patients,
while palpation was used to assess lateral movement of
the scapula. Two months later, the patient owners were
contacted by telephone and information regarding their
latest condition was collected.

In the follow-up examination on post-operative day 15,
dorsal luxation of the affected extremity was seen to have
completely disappeared during weight-bearing in all the
patients. On adduction of the extremity, it was observed
that the scapula was not displaced laterally. There was no

clinical lameness. On the telephone consultation 2 months
later, patient owners reported that none of the patients
had a complaint of lameness and there was no recurrence.

DISCUSSION

The ventral serratus muscle is a large muscle mass
covering the caudal wall of the thorax and is attached to
the proximal medial angle of the scapula. This muscle is
the major muscle support of the front leg ®. The dorsal
part of the scapula has an unossified structure also known
as the scapular cartilage. This situation increases the area
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available for muscle attachment and with age, this area
calcifies and becomes more rigid 2. The ventral serratus
and rhomboideus muscles attach to this cartilaginous
area. The trapezius muscle, frequently mentioned in dorsal
scapular luxations, originates from the spinal processes
of cervical and thoracal vertebrae and attaches to the
scapular spine. While all three of these muscles have been
reported to be affected in cases of dorsal scapular luxation 54,
rupture of the trapezius muscle was not encountered in
any of the patients in this study. Nevertheless, all clinical
examination findings required to make a diagnosis of
dorsal scapular luxation were present.

Various methods are available for the treatment of
dorsal scapular luxation. One technique is to fix the ruptured
muscles and re-attach them to the scapula. However, this
procedure has been reported to fail to achieve sufficient
stabilization for the extremity to bear weight .

Another method is to restore the scapula to its normal
anatomical position and attach it to the ribs. In this
technique, firstly an inverted L-shaped incision is made
along the dorsal and caudal edge of the scapula. If there
are parts of the serratus, rhomboideus or trapezius muscles
without avulsion, these are carefully separated from their
attachment points enough to allow lateral retraction
of the scapula and visualization of the caudal angle and
caudal border of the scapula . Stabilization is achieved
with a 20-22G cerclage wire passed around the 5%, 6" or
7% rib threaded through holes drilled on the caudo-dorsal
edge of the scapula, in the area of origin for the teres major
muscle Bl While the cerclage wire is tightened, the aim is to
minimize dorsal movement of the scapula. In other words,
dorsal movement is not completely restricted . In addition,
the ventral serratus muscle can be reconstructed using the
holes drilled in the cranio-dorsal edge of the scapula 57
Post-operatively, Valpeau slings, spica splint application #
or carpal flexion bandage ®is recommended for 2 weeks.
During the 2 weeks after removal of the sling, splint or
carpal flexion bandage, it is recommended that the duration
of the patient using its leg is gradually increased B
However, once the patient starts using the affected leg,
this technique has the possibility of causing intercostal
muscle rupture, subcutaneous emphysema and breathing
difficulties due to the cerclage wire passed around the rib.
However, very long skin incision is another disadvantage.

Therefore, recovery is thought to be achieved, by the
Valpeau sling, splint or carpal flexion bandage applied
post-operatively and kept in place for 2-3 weeks. Also
use of cerclage wire for the procedure requires a second
operation for wire removal following healing. The risks of
non-removal of the cerclage wire include; pain and long
period material reaction.

In this concept, relocation of the ventral serratus and
rhomboideus muscles over the dorsal edge of the scapula
and sutured to the infraspinatus and supraspinatus muscles,
could be a more suitable option to prevent dorsal re-
luxation of the scapula. Also, adhesion-increasing effect
of point cauterization of subscapularis and serratus
muscles and post-operative use of Valpeu slings together
will decrease the operation time in this technique. In
conclusion, the treatment model suggested in this study is
quite simple and less invasive surgical intervention which
could be applied in the treatment of the dorsal scapular
luxation in cats.
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Abstract

A 14-year old, castrated, female terrier was referred to Near East Animal Hospital with a complaint of red eye. Ophthalmoscopic examination
revealed superficial corneal vascularization originating from conjunctiva and encompassing proximal one-third of cornea in 10-02 o'clock
position together with photophobia and vision loss. Schirmer tear test was normal and fluorescein staining was negative for the affected eye.
Since combined treatment with topical corticosteroid, antibiotic and cycloplegic did not improve the vascular regression, rather exacerbated
the symptoms, blood and serum samples were collected for hematologic, biochemical and serologic analyses in order to investigate possible
etiologic factors in human LSCD and to define its association with prevalent local blood disorders. As hematologic, biochemical and serologic
test results were within the normal ranges, corneal impression cytology was conducted. Upon the observation of goblet cells the gold
standard for the diagnosis of LSCD and the indicative of conjunctivalization in cornea the diagnosed of idiopathic partial limbal stem cell
deficiency was confirmed in the dog in which it was the first case with ocular surface defect in veterinary medicine.

Keywords: Limbal stem cell deficiency (LSCD), Corneal impression cytology, Dog

Bir Kopekte Limbal K6k Hiicre Yetmezliginin Tanisinda Korneal impresyon
Sitolojisi: Olgu Sunumu

Ozet

Yakin Dogu Hayvan Hastanesine kirmizi goz sikayeti ile getirilen 14 yasli kisirlastinilmis, disi, Terrier irki bir kdpekte oftalmoskopik muayene sonucu
sag gozde, saat 10-02 pozisyonunda korneanin proksimal 1/3'lini kaplayan konjunktivadan kdken alan korneal yiizeyel vaskilarizasyon, fotofobi
ve gormede azalma saptandi. Schirmer g6z yasi testi normal ve florescein boyama negatif olan gézde, damarlarin regresyonu icin uygulanan
topical kortikosteroit, antibiotik ve sikloplejik kombinasyonundan olumlu bir sonug alinamadi ve semptomlarin artmasi ve gerilememesi lizerine
olgunun kan ve serum 6rnekleri, insanlardaki olasi limbal kok hiicre yetmezligi (LKHY) etiyololojik faktorlerini irdelemek ve bolgesel yaygin
kan hastaliklari ile iliskilendirmek amaci ile hematolojik, biyokimyasal ve serolojik analizler icin toplandi. Test sonuglari normal sinirlarda oldugu
gozlenen olguda korneal impresyon sitolojisi gergeklestirildi. LKHY tanisinda altin standart olan korneada konjunktivalizasyonun gostergesi
goblet hiicrelerinin gozlenmesi ile veteriner hekimlikte ilk kez okiiler ylizey bozuklugu olan bir olguda idiopatik parsiyel LKHY tanisi kondu.

Anahtar sézciikler: Limbal kék hiicre yetmezligi, Korneal impresyon sitoloji, Kbpek

INTRODUCTION limbus that have unlimited proliferation feature. In order

to maintain its transparency and integrity, limbal stem

Tunica fibrosa bulbi, outer layer of bulbus oculi consists ~ cells (LSC) prevent conjunctival invasion of corneal surface.

of sclera and cornea which lacks pigment, vessels and  Limbus prevents the growth and migration of conjunctival
cells. Cornea maintains its transparency with stem cells in  epithelial cells towards corneal surface and it consists of
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Langerhans cells and melanocytes unlike cornea, and as
well as it lacks goblet cell layer unlike conjunctiva 2.
Corneal epithelium do not regenerate in limbal stem cell
deficiency (LSCD) 5% and conjunctivalisation (growth of
conjunctival epithelia upon the cornea), vascularization,
chronic inflammation, calcification, ulceration or persistent
epithelial defects (PED) develop consequently 2671, |n
LSCD cases, the corneal surface is covered by conjunctival
epithelium and goblet cells are observed in cornea ®.
In humans LSCD results in corneal opacity, vision loss,
chronic pain, and photophobia and results in failure of
topical medical treatment and/or keratoplasty operations.

Investigations in human LSCD patients yielded the
identification of several factors in primary (congenital)
etiology of the disease. Aniridia associated with PAX6
mutations ), ectrodactyl-ectodermal-dysplasia-clefting
syndrome, keratitis-ichthyosis-deafness syndrome,
xeroderma pigmentosum, dominant congenital keratitis
and dyskeratosis congenita result in primary LSCD. On
the other hand, inflammatory features of Steven-Johnsons
Syndrome 1'%, ocular cicatricial pemphigoid ", graft versus
host disease, vernal keratoconjunctivitis ' are implicated in
the etiology of secondary LSCD. Several etiologic factors
were defined for human LSCD patients day by day and
beside the factors enumerated above, it was shown that
neurotrophic keratopathy, bullous keratopathy, radiotherapy
and systemic chemotherapy, topical chemotherapeutics,
benzalkonium chloride toxicity during medical treatment
of glaucoma 13, ocular surface tumors and pterygium 4
result in LSCD as well. Furthermore, chemical-thermal
injuries, multiple surgical interventions including limbal
region, chronic mechanical microtrauma induced by
contact lens and inflammatory diseases of ocular surface are
reported to cause LSCD 3501012 Additionally, diabetes and
vitamin A deficiency have a role in the development of
LSCD ¥., LSCD develops in albino rats with induced type
2 diabetes mellitus as a result of diabetic keratopathy.
Idiopathic LSCD was observed in humans and stem cell
loss was shown to originate from direct cell and/or cellular
microenvironment damages .

Clinical manifestations of LSCD in humans are epiphora,
photophobia, vision loss, and erosion of palisades of
Vogt observed under slit-lamp biomicroscopy, corneal
neovascularization and conjunctivalization. Among the
clinical symptoms of human LSCD, stippled late staining
pattern with fluorescein stems from the loss of tight
junctions between the cells and results in staining of
basement membrane. Stippled staining may be observed
as swirling around the center and fluorescein stain tends to
pool on the conjunctivalised area due to relative thinness
of epithelium B35, While vision loss and photophobia
develop in patients at this stage, precorneal tear film and
corneal erosion at variable levels might also be observed.
Disarrayed palisades of Vogt and perilimbal vascular
archades are reported as early anatomical changes in

mild LSCD, but the absence of pallisades of Vogt, which is
observed only via slit lamp biomicroscope, may not be a
sign of LSCD alone ",

Observation of PED and superficial vascularization was
reported in human cases having mild deficiency, and PEDs
yield to scarring, ulceration, stromal neovascularization,
corneal thinning and perforation. PEDs cause pain,
photophobia and vision loss, and keratinization may
develop if tear deficiency accompanies these symptoms.

Total LSCD is characterized by the total loss of LSC
population together with conjunctivalization of the entire
corneal surface. Neovascularization is also observed
frequently but not in all LSCD cases. Similarly, conjunctiva is
detected in many disorders such as chemical burns, Stevens-
Johnson syndrome, mucous membrane pemphigoid, all
of which result in LSCD. Chronic inflammation frequently
yields to fibrosis and continues to damage LSCs. Sub-
conjunctival fibrosis leads to symblepharon formation
and consequently to goblet cell deficiency. Subsequent
poor tear function further worsens the ocular surface
in such patients .. Although clinical diagnosis of LSCD
can be established with symptoms mentioned above,
some of those may also be observed in other conditions
without LSCD component. Especially, symptoms of partial
deficiency may remain subtle and subclinical. It is known
that impression cytology of the cornea is the gold standard
in the diagnosis of LSCD in human medicine 5%, This
method employs the removal of cells by impressing the
cellulose acetate paper over the corneal surface and
conduction of cytological analyses to observe goblet cells
of which are the signs of the deficiency "®. The removal
of 1-3 cell layers by impressing nitrocellulose acetate filter
paper over ocular surface makes only superficial cells
available for the analyses. Beside cytology, immuno-
histologic and molecular analyses can also be conducted
on cells collected on the membrane. Epithelial morphology
and goblet cells are evaluated ®'7. Goblet cells are the sign
of conjunctivalization which confirms limbal deficiency.
However, these cells may be absent in severe burns and
Stevens-Johnson syndrome. It should be kept in mind that
absence of goblet cells may yield to false negative results
in chemical and thermal damages since 36% of the goblet
cells are also damaged in such cases 519,

This case report will explore the current challenges and
future research directions that will be required to increase
our understanding of corneal diseases in dogs and cats and
consider the diagnosis of LSCD to veterinary ocular surface
patients. Studies have been focused on the human LSCD
with little attention being paid to animals. Developing
a deep understanding of the limbus and corneal cell
turnover in all species is of paramount importance. The
successful treatment of LSCDs in humans and animals,
and validation of comparative studies between species
depends on this knowledge.
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CASE HISTORY

A 14-years old, castrated, female, terrier was referred
to Near East Animal Hospital with a complaint of red eye.
In the ophthalmoscopic examination, corneal surface
vascularization encompassing proximal one-third of cornea
was observed in 10-02 o'clock position in the right eye
together with photophobia, epiphora and vision loss (Fig.
1). Schirmer tear test was normal and corneal fluorescein
staining was negative. Dexamethasone (0.1% Onadron®),
Ciprofloxacin (0.3% Siprogut®) and a pain killer, Cyclo-
pentonate HCl (1% Sikloplejin®), were administered and

the progress was monitored every other day. However,
the recovery could not be achieved and symptoms were
exacerbated.

The case was considered to be LSCD; therefore, blood
and serum samples were collected in order to conduct
hematologic, biochemical and serologic analyses for the
evaluation of possible etiologic factors of human LSCD and
local prevalent blood diseases (Leishmania, Ehrlichiosis).
The haematological parameters were analyzed using an
automatic analyzer (BC- 2800Vet, Mindray, Shenzen, China)
and white blood cell (WBC) count, red blood cell (RBC)
count, Hct, Hb, MCV, MCH, MCHC and RDW were
recorded for this study. Serum biochemical
analyses were measured by using commercial
assay kits (Randox Laboratories Ltd., UK;
Mindray Chemistry Reagents, Shenzen, China)
and an automated blood chemistry analyzer
(BS120, Mindray, Shenzen, China). The serum
concentrations of aloumin (bromocresol green
method, in g/dL), creatinine (jaffe method, in
mg/dL), total and direct bilirubin (vanadate
oxidase method in mg/dL), phosphorus
(P, phospho-molybdate method in mg/dL),
glucose (glucose oxidase method in mg/dL),
calcium (arsenozo Il method in mg/dL), urea
(urease method in mg/dL), total cholesterol
(cholesterol oxidase-peroxidase method in
mg/dL), magnesium (xylidyl method in mg/dL),
total protein (biuret method in g/dL), tri-
glycerides (glycerol kinase-peroxidase method
in mg/dL), uric acid (uricase peroxidase method
in mg/dL) and the enzyme activities of alanine

and the region where corneal impression cytology was applied (arrows)

Fig 1. Conjunctivalization observed in 10-02 o'clock position of right eye of the dog

amino-transferase (ALT, IFCC method in U/L),
aspartate amino-transferase (AST, IFCC method

in U/L), y-glumatyltrans peptidase (y-GT, IFCC
method in U/L), alkaline phosphatase (ALP,
IFCC method in U/L), creatine kinase (CK, IFCC
method in U/L), lactate dehydrogenase (LDH,
IFCC method in U/L), lipase (enzymatic colori-
metric method in U/L) were noted for this
study. Immunofluorescence assay (IFA) were
performed for the detection of Leishmania
infantum and Ehrlichia canis IgG antibodies.
Standardized assay kits were used for this
purpose which were supplied by MEGACOR
Diagnostik GmbH, Austria. The results of
hematological, biochemical and serological
parameters were within normal limits.

Samples for corneal impression cytology
were collected from right eye surface, sus-
pected for partial LSCD, using cellulose acetate
filter with 0.20 um pore diameter under local

Fig 2. Observation of goblet cells in cornea as a result of corneal impression cytology
(arrow)

ophthalmic anesthesia. Opaque surface of
cellulose filter papers in 3x5 mm dimensions
were placed on cornea using a forceps with a
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smooth tip and removed after a soft impression for 5 sec.
Collected samples were fixed with 95% ethanol. Flowingly,
samples were stained with periodic acid Shiff (PAS) and
Hemalun, and evaluated under light microscope. Goblet
cells were observed as the indicator of conjunctivalization
which is the gold standard of LSCD diagnosis (Fig 2).
Autologous limbal stem cell transplantation from healthy
left eye to the damaged right eye was considered; however,
pet owner did not approve the operation on the geriatric
animal.

DISCUSSION

Unlike human medicine, limbal deficiency is defined
under ocular surface defects but not further classified in
veterinary medicine. However, eye diseases causing ocular
surface defects in cats and dogs, such as Uberreiter’s
syndrome, keratoconjunctivitis sicca, feline corneal necrosis,
and feline eosinophilic keratitis, disrupt the transparency
of cornea and thus cells and pigments cover the surface of
it. It is considered that these features show similarities with
primary stem cell deficiency cases of humans. Similarly,
corneal alkaline burns, frequently observed in humans,
were shown to cause secondary stem cell deficiency in
veterinary medicine 1'®,

In human and veterinary ophthalmology, topical
medical treatment predominantly with corticosteroid
and/or corneal transplantation, cornea-conjunctival trans-
positioning, conjunctival pedicle graft applications are
routine procedures for the treatment of eyes with corneal
transparency loss and without epithelial defect. It is known
in human medicine that corneal epithelium cannot
regenerate itself in LSCD condition, which consequently
results in PEDs, corneal conjunctivalization, neovasculari-
zation, corneal scaring and chronic inflammation. This
condition negatively influences both medical treatment
and also corneal transplantation (keratoplasty) 2.
According to Sanchez and Daniels, comparatively to humans,
what is known about the healthy limbus and corneal
surface physiology of companion animals is still very little.
Blinding corneal diseases in animals such as symblepharon
in cats with Feline Herpes Virus-1 infections require a basic
understanding of the functional companion animal limbus
and corneal stem cells "%,

It is considered to evaluate the diseases causing corneal
vascularization, conjunctivalization, pigmentation,
keratinization, ulceration and erosion, and ultimately to
loss of corneal transparency and vision in cats and dogs in
terms of LSCD for veterinary medicine. It was reported for
conditions in which the connection of corneal epithelial
cells with basement membrane was weak, as in Boxer ulcus,
events such as positive fluorescein staining, repeating
epithelial erosions resulting in PEDs and consequently to
corneal perforations may stem from LSCD. On the other
hand, the development of fibrovascular pannus and pre-

dominant corneal scar formation were reported in cases
with severe limbal deficiency ¢, Taking these facts
into consideration, it was considered that in veterinary
ophthalmology, definitive diagnosis of LSCD in cases
irresponsive to traditional treatments was crucial and this
study aimed to contribute to literature on this field. In
human medicine, researches on LSCD contributed several
factors of underlying etiology to literature. Similarly, further
studies on the etiology of LSCD are highly recommended
in veterinary medicine.

In present case, blood and serum samples were collected
in order to conduct hematologic, biochemical and serologic
analyses for the evaluation of possible etiologic factors of
human LSCD and local prevalent blood diseases (Leishmania,
Ehrlichiosis) and laboratory parameters were within the
normal ranges. In this context, LSCD was diagnosed in
a dog for the first time depending on the clinical signs,
presence of goblet cells in corneal impression cytology
and laboratory parameters.

Beside primary ocular surface disorders that are
frequently observed in cats and dogs, that cause corneal
vascularization, conjunctivalization, pigmentation, kera-
tinization, ulceration and erosion, and ultimately to loss
of corneal transparency and vision, association of ocular
surface pathologies with LSCD should also be evaluated
in cases of type-2 diabetes in which secondary corneal
pathologies may also be observed, and in endemic systemic
disorders such as Erchlisiosis and leishmaniosis. It should
be kept in mind that the clinical signs of LSCD include
epiphora, photophobia, vision loss, corneal vascularization
and conjunctivalization, and corneal impression cytology
should be performed in cases with ocular surface defect
and irresponsive to medical treatment. Final results of
cytology should be compared to laboratory analyses.
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Dear Editor,

We would like to report a rare case of bladder retro-
flexion during pregnancy in a bitch.

A 4-year-old pregnant Pointer bitch was brought to
Clinic of Obstetrics and Gynaecology Department, Faculty
of Veterinary Medicine, Afyon Kocatepe University with
the complaint of vaginal mass and dysuria. In patient’s
history, it was learnt that the bitch was mated 50 days
ago. Owner also stated that the dog experienced a
recent abdominal blunt trauma. On clinical examination,
a protruded vaginal mass was observed (Fig. 7a). In
ultrasonography, a large amount of anechoic image
was seen in the prolapsed tissue. The abdominal ultra-
sonography revealed that the dog was pregnant but
two fetuses were not viable. In addition, urinary bladder
was not in normal position. Then it was decided to carry
out ovariohysterectomy and to reduce the retroflexed
bladder into normal position concurrently. Within two
days after surgical intervention, the urinary bladder was
retroflexed once again (Fig. 1b). A positive contrast cysto-
urethrography was performed to reveal the bladder
position (Fig. 1c). In the second surgery, cystopexy of the
retroflexed urinary bladder to the right abdominal wall
was performed (Fig. 1d). Ten days after the second surgery,
the skin sutures were removed and no complications
were observed (Fig. 2). After ten months following second
surgery recurrence of the retroflexion was not detected.

Retroflexion of the urinary bladder has been
documented in the first stage of parturation in a bitch [,

postpartum three weeks in a cat Z, in the neutered bitch B!
and presence of follicular cyst in the ovary in a bitch ™. Our
literature search revealed that, there is one report of bladder
retroflexion related to pregnancy and continuous barking .,
However, our case differs from the study of Sontas et al.””
since the retroflexion was associated with abdominal trauma
leading to increased intra-abdominal pressure. One paper ©
describes urinary bladder retroflexion in two male dogs
with a history of traffic accident. However, in our case the
bladder retroflexion occured in the bitch by blunt trauma.

To our knowledge, this case was the first report in the
literature describing an increased intra-abdominal
pressure related to abdominal trauma in a pregnant
bitch. As a result, urinary bladder retroflexion must be
correctly evaluated in pregnant bitch and cystopexy can
be considered as one of the choice to prevent recurrence.
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Fig 1.a- Prolapsed vagina in the pregnant Pointer bitch before the first surgery, b- Recurrence of the retroflexion
before the second surgery, c- Positive contrast cystourethrogram (latero-lateral projection) d- Cystopexy

Fig 2. Ten days after the second surgery,
full recovery was observed
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