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The Efficacy of Dietary Savory Essential Oil on Reducing the
Toxicity of Aflatoxin B, in Broiler Chicks
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Summary

The aim of this study was to evaluate the capability of savory essential oil in counteracting the deleterious effects of aflatoxin B, (AFB,)
on growth performance, serum biochemistry, and humoral immune responses in broiler chickens fed 42 days of age. At a 2? factorial
arrangement in completely randomized design, 300 day-old broiler chicks were assigned to four treatments with five replicates of 15 birds.
Chickens were fed the basal diet up to day 7 of age and then fed the experimental diets. The dietary treatments involved of 0 and 0.5 mg
of AFB1/kg with or without 500 mg of savory/kg dry matter. The addition of aflatoxin to diet decreased (P<0.05) the weight gain and feed
intake and resulted in a poor feed conversion ratio. Birds in the AFB, group had lower level of albumin, but higher levels of creatinine and
liver enzymes in the serum as compared with the control group. The addition of savory to the contaminated diet diminished (P<0.05) the
inhibitory effects of dietary AFB, on the growth performance and the level of liver enzymes in serum. The addition of aflatoxin to diet caused
a decrease and savory supplementation caused an increase in antibody titer against the Newcastle virus, and interaction among the factors
was differ (P<0.05). The main effects and interaction on antibody titer against influenza virus were not differ (P>0.05). The addition of savory
reduced the adverse effects of aflatoxin on growth performance and provided slight positive effect on serum biochemistry and humoral
immune responses in broilers exposed aflatoxin.

Keywords: Aflatoxin, Broiler, Savory, Protection

Broyler Piliclerde Rasyona Katilan Geyikotu Esansiyel Yaginin
Aflatoksin B, Toksisitesinin Azaltilmasindaki Etkinligi

Ozet

Bu calisma, 42 giin siireyle beslenen broyler piliclerde yeme katilan geyioktu esansiyel yaginin, aflatoksin B, (AFB,)in blylime
performansi, serum biyokimyasi ve hlimoral imm{n yanitlar Gzerine olan zararli etkilerini yoketme kapasitesinin degerlendirilmesi amaciyla
yapildi. Randomize tasarim ile 22 faktoryel diizenlemede, 300 glinllik broyler pilicler 15 kanatli iceren bes tekrarli dort tedavi grubu olacak
sekilde ayarlandi. Pilicler 7. gline kadar temel rasyon ve daha sonra deneysel diyet ile beslendi. Besinsel tedaviler 500 mg kuru madde
olarak geyioktu/kg iceren veya icermeyen 0 ve 0.5 mg AFB,/kg'dan olustu. Rasyona aflatoksin eklenmesi agirlik kazancini ve yem tiiketimini
azaltirken (P<0.05) zayif bir yem dontisiim oraniyla (poor feed conversion ratio) sonuclandi. AFB, grubundaki kanatlilarin kontrol grubuyla
kiyaslandiginida disiik albumin dlizeyine, fakat ylksek serum kreatin ve karaciger enzimleri diizeyine sahip oldugu gézlemlendi. Kontamine
rasyona geyioktu ilavesinin besinsel AFB1‘in bliyime performansi ve serumdaki karaciger enzim seviyesi Uzerindeki inhibitor etkilerini
azalttig (P<0.05) belirlendi. Newcastle virlisiine karsi gelisen antikor titresinin rasyona aflatoksin ilavesi ile azaldigi ve geyioktu ilavesi ile
arttigi ve faktorler arasi etkilesimin farkl (P<0.05) oldugu gézlemlendi. influenza viriisiine karsi gelisen antikor titresi bakimindan ana etkilerin
ve etkilesimin degismedigi (P>0.05) belirlendi. Geyioktu ilavesinin aflatoksinin biiylime performansi tizerine olumsuz etkilerini azalttigi ve
aflatoksine maruz kalan broylerlerde serum biyokimyasi ve hiimoral immun yanit tizerine hafif bir olumlu etki sagladigi sonucuna varildi.

Anahtar sozciikler: Aflatoksin, Broyler, Geyikotu, Koruma

INTRODUCTION

Aflatoxins are mycotoxins produced by Aspergillus  nature of species Aspergillus in the environment, mycotoxin
species as secondary metabolites [". Due to the ubiquitous  contamination of grains and feed is unavoidable. Toxic
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effects of aflatoxin commonly observed in animals
included poor absorption of nutrients which lead to
death, reduced tissue integrity, lower growth rates and
poor feed conversion, reproductive problems in males and
females, increasing sensitivity to extreme temperatures
and reduced immune response 2. Different approaches
such as irradiation, mold inhibitors, dietary absorbents,
ammoniation and ozone degradation were applied to
reduce food and feed contamination by aflatoxins ¥4,
Unfortunately, most of these methods are expensive and
only partially effective. Currently, the practical approach
has been the addition of feed additives such as essential
oils to contaminated feeds to reduce the negative effects
of aflatoxin in the body.

Savory (Satureja khuzistanica) is an annual, herbaceous
aromatic and medicinal plant belonging to the Lamiaceae
family with identified essential oils named carvacrol and
thymol Pl

Savory is native in western and southern part of Iran
and used as an analgesic and antiseptic in folk medicine
in the region. The properties of this herb were reported as
antimicrobial ¥, anti-inflammatory 7, antifungal ¥, anti-
oxidant ©'% and anti-hyperlipemia "', In the literature,
there was no report concerning the effect of dietary
essential oil of savory on performance, serum bio-
chemistry, and humeral immune responses of broilers
exposed to aflatoxin. Therefore, this study was conducted
to evaluate the potential of applying essential oil of savory
in protecting of aflatoxicosis on performance, serum
biochemistry, and humeral immune responses of broilers
fed diet containing aflatoxin B,.

MATERIAL and METHODS

The study was approved by the Ethics Committee of
Islamic Azad University, Science and Research Branch of
Medical and Veterinary Sciences (approval date: 12.03.2012;
no: 1265, AEC 2).

Aflatoxin Production

Aflatoxin was produced from Aspergillus parasiticus
PTTC 5286 culture through fermentation of rice using the
method proposed by Shotwell et al'?. The sterile rice was
placed in Erlenmeyer flasks and inoculated with 2 ml of
the mold aqueous suspension containing 10° spores/ml.
Cultures were allowed to grow for 7 d at 39°C in incubator.
On the seventh day, Erlenmeyer flasks were autoclaved
and culture materials were dried for 48 h at 40°C in a forced-
air oven and ground to a fine powder. The aflatoxin B,
levels in rice powder were measured by HPLC method '3,
Of the total aflatoxins content in the rice powder, 84.64%
was aflatoxin B, and 15.36% was aflatoxin G,. Aflatoxin B,
and aflatoxin G, were not detected. The milled substrate
was added to the basal diet to provide the level of 0.5
mg/kg of aflatoxin.

Animals and Dietary Treatments

A total of 300 day-old broiler chicks (Ross 308) were
purchased from a local hatchery. On arrival, the birds
were weighed and randomly allocated to one of the four
treatments with five replicates of 15 birds based on a 22
factorial arrangement in completely randomized design,
consisted of two levels of AFB, (0 and 0.5 mg/kg of feed)
and two levels of savory (0, 500 mg/kg of feed).

Chicks up to day 7 of age are very sensitive to aflatoxins,
thus they were fed diet without aflatoxin. Thereafter, until
day 42 of age (8-42 days), they were fed the experimental
diets. The isonitrogenous and isocaloric diets were
formulated to meet the nutrients ratio and requirements
of broilers as recommended by Ross ', Essential oils
from savory were obtained by Clevenger-type water
distillation. The major compounds in savory essential oils
were identified using gas chromatography in another
study "™ and consisted of carvacrol (80.6%), p-cymene
(4.8%), myrcene (1.5%), terpinene (2.1%) and terpinene-4-
ol (2.1%). The appropriate amount of savory extract for
100 kg of feed was premixed with a carrier of 1 kg in order
to mix the relevant treatment diet.

Table 1 lists the basal diet formulated to meet the
nutrient requirements of broilers. The chicks were raised
on floor pens (150 x 150 x 80 cm) for 6 weeks and had
free access to feed and water throughout the entire
experimental period. The lighting program consisted of
a period of 23 h light and 1 h of darkness in 1 day. The
ambient temperature was gradually decreased from 33
to 25°C on day 21 and was then kept constant.

Performance and Organs Weight

The body weight was determined at days 14, 28 and 42
of age. Feed consumption and weight gain were recorded
at different periods and feed conversion ratio (FCR) was
calculated. At day 42 of age, two birds from each replicate
were randomly selected based on the average weight
of the group and sacrificed. Carcass yield was calculated
by dividing eviscerated weight by live weight. Abdominal
fat, liver, pancreas was separated, weighed and calculated
as a percentage of live body weight.

Vaccination and Immunological Tests

The commercially available oil-adjuvant injectable
emulsion against the Newcastle disease virus (NDV) and
avian influenza virus (AIV) were used (H9N2 subtype)
for vaccinating broiler chicks, and they were injected
subcutaneously with 0.2 ml per chick at day 9 of age. Also,
the chicks were orally vaccinated against the Newcastle
Disease (Lasota) at 21 d of age. Antibody titers against
NDV and AIV were measured as immune responses. At day
28 of age, two male broilers from each pen were randomly
selected, and blood samples were taken by puncture of
the brachial vein for analysis of antibody titers against



483

SADEGHI, MOHAMADI-SAEI
AHMADVAND

NDV and AlIV. Serum antibody titers against NDV and AlV
were measured by the hemagglutination inhibition test
(HI), and HI antibodies were then converted to log2.

Table 1. The ingredient and calculated composition of basal starter,
grower, and finisher diets

Tablo 1. Temel baslangig, biiyiitme ve bitis rasyonlarinin icerigi ve
hesaplanmis kompozisyonu

Item Starter | Grower | Finisher

Ingredient, g/kg
Corn 537.3 533 561
Soybean meal 400 395 370
Soybean oil 20 35 35
Di calcium phosphate 193 17.7 15.6
CaCo, 10.5 8.8 8.5
NaCl 3.5 3 3
Trace mineral premix? 25 2.5 2.5
Vitamin premix® 25 25 2.5
DL-methionine 3.1 2 1.4
L-lysine 13 - -
Savory = 0.5 0.5

Analyzed Calculation
Metabolizable energy (kcal/kg) 2870 2980 3000
Crude protein (g/kg) 221 220 210
Calcium (g/kg) 8.6 7.5 7
Available phosphorus (g/kg) 49 4.4 4.1
Methionine+cysteine (g/kg) 1.1 8.9 8
Lysine (g/kg) 133 11.9 1.3
Threonine (g/kg) 8.3 8.3 6.3
Tryptophan (g/kg) 3.2 3.2 3

4 Provided the following per kg of diet: Mg, 56 mg; Fe, 20 mg; Cu, 10 mg; Zn,
50 mg; Co, 125 mg; I, 0.8 mg; ® Provided the following per kg of diet: vit A,
10,000 1U; vit D, 2000 IU; vit E, 5 IU; vit K, 2 mg; riboflavin, 4.20 mg; vit B, ,,
0.01 mg; pantothenic acid, 5 mg; nicotinic acid, 20 mg; folic acid, 0.5 mg;
choline, 3 mg

Serum Biochemical Parameters

After 12 h fasting, blood samples were collected in
non-heparinised tube at day 42 of age from 8 birds in each
treatment by puncturing the brachial vein and the blood
was centrifuged to obtain serum. Serum samples were
analyzed for aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
gamma-glutamyltransferase (GGT), albumin, total protein,
triglyceride, cholesterol and creatinine were determined
using an automated analyzer (Technicon RA-1000, Tarry-
town, USA) based on the commercial kit protocol (Pars
Azmoon Company, Tehran, Iran).

Statistical Analysis

All data were subjected to ANOVA using the General
Linear Model procedure of SAS software (SAS Inst. Inc,, Cary,
NC). The mean differences among different treatments
were separated by Duncan’s multiple range tests. A level of
P<0.05 was used as the criterion for statistical significance.

RESULTS

Performance of Broiler Chickens

The effects of treatments on growth performance are
shown in Table 2. During the total period, a significant
interaction was observed between AFB, and savory for
body weight and feed intake (P<0.05), but in terms of FCR,
no significant difference was observed. The birds fed diets
containing aflatoxin compared with the control group had
lower body weight gain and feed intake. Chickens fed diets
containing aflatoxin had lower FCR than the control group,
but the difference was not significant. The inclusion of
savory (500 mg/kg) to the diet of birds fed diets containing
aflatoxin affected these factors and leading to a reduction
in the negative effects of aflatoxin. During the total period,
the feed intake, body weight gain and FCR in the birds

Table 2. Effect of savory on growth performance for broiler chicks fed diet containing 0.5 mg aflatoxin/kg at 1 to 42 d of age

Tablo 2. 1.-42. giinlerde 0.5 mg aflatoksin/kg iceren rasyon ile beslenen broyler piliclerde geyikotunun biiyiime performansi izerine etkisi

Body Weight Gain (g) Feed Intake (g) Feed Conversion Ratio
LS 0-14 | 14-28 | 2842 | 0-42 0-14 | 14-28 | 2842 | 0-42 0-14 | 14-28 | 2842 | 0-42
day day day day day day day day day day day day
Control 288* 857° 1030% 2176° 436° 1506° 22372 4157° 1.51 1.75° 2.19 191
AFB1 2474 652° 859¢ 17534 379¢ 1231¢ 1869° 3485¢ 1.54 1.91° 2.19 1.98
Savory 282° 8837 1108° 2266° 414° 1482 2210° 4085 1.47 1.68° 1.99 1.80
AFB1+ Savory 272¢ 825° 980° 2089¢ 404° 1392° 21132 3943° 1.49 1.69° 2015 1.89
SEM 2.9 18.2 233 3 4.2 252 38.8 54.2 0.011 0.024 0.032 0.016
Probability
AFB1 *x % #x *x % #x *x % NS * NS *x
Savory *x *x * *x NS NS NS % NS *x * *x
AFB1x Savory ** o NS ** ** * * * NS * NS NS
@b<dValues in the same column not sharing a common superscript differ (P<0.05); * P<0.05; ** P<0.0
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fed savory alone were not differ (P>0.05) as compared
with the control group.

Serum Biochemical Parameters

The effects of diets containing aflatoxins and savory
on blood biochemical parameters of broilers are shown
in Table 3. At day 42 of age, a significant interaction was
observed between AFB, and savory on serum glucose,
creatinine, cholesterol, aloumin, ALT and ALP. However,
there was no significant difference for serum true protein,
triglyceride, AST and GGT among treatments (P>0.05).
However, feeding the diet containing aflatoxin to broilers
decreased the levels of glucose, cholesterol and albumin,
and increased creatinine, ALT, and ALP as compared with
the control group. The addition of savory (500 mg/kg)
to the diet containing aflatoxin ameliorated the adverse
effect of aflatoxin on the serum levels of glucose and ALT
(P<0.05) as compared with the group fed diet containing
aflatoxin without savory.

Relative Organ Weights

The relative weights of some organs are shown in Table
4. The main effect of aflatoxin was significantly difference,
but the addition of savory to diet of broilers had no effect
on the relative weight of liver and spleen. A significant
interaction between savory and AFB, was observed in the
relative weights of liver and spleen (P<0.05). The highest
relative weights of liver and spleen were related to the
birds fed diet containing aflatoxin. The addition of savory
(500 mg/kg) to the diet containing aflatoxin decreased
the relative weights of spleen, but had no significant
effect on the relative weights of liver. The main effects and
interaction on the relative weights of abdominal fat and
pancreas were not significantly difference.

Immune Responses

The effects of experimental diets on antibody titers
against NDV and AlV at day 28 of age are presented in

Table 5. A significant interaction between savory and
AFB, was observed for antibody titers against NDV. Anti-
body titers against NDV were different among treatments
(P<0.05). The lowest antibody titer against NDV was found
in the birds fed diet containing aflatoxin and the highest
was observed in the birds fed savory alone. The addition of
savory to diet containing aflatoxin significantly increased
antibody titers against NDV. In the case of antibody titers
against AlV, there was no difference among treatments
(P>0.05).

DISCUSSION

In this study, the efficacy of savory for protection
from the harmful effects of aflatoxin on the performance,
health and immunity of broilers was investigated. The
results indicated that ingestion of aflatoxins resulted in a
significant decrease in feed intake and consequently the

Table 4. Effect of savory on relative organ weights for broiler chicks fed diet
containing 0.5 mq aflatoxin/kg at day 42 of age'

Tablo 4. 42. glinde 0.5 mg aflatoksin / kg iceren rasyon ile beslenen broyler
piliclerde geyikotunun géreceli organ agirliklari lizerine etkisi'

Abdominal Liver Spleen | Pancreas
Treatments Fat Weight | Weight | Weight Weight
(%BW?) (%BW) (%BW) (%BW)
Control 1.41 2.10° 0.11° 0.25
AFB1 1.31 2.52° 0.14° 0.27
Savory 1.21 2412 0.11° 0.26
AFB1+ Savory 1.40 2.42¢ ONBE2 0.26
SEM 0.062 0.074 0.011 0.013
Probability
AFB1 NS * * NS
Savory NS NS NS NS
AFB1x Savory NS * * NS
ab Means within a column without a common superscript differ statistically
(P<0.05); " Results are reported as means for 6 broilers each; ? Body weight;
*P<0.05; ** P<0.01

Table 3. Effect of savory on biochemical parameters for broiler chicks fed diet containing 0.5 mg aflatoxin/kg at day 42 of age’

Tablo 3. 42. giinde 0.5 mg aflatoksin / kg iceren rasyon ile beslenen broyler piliclerde geyikotunun biyokimyasal parametreler iizerine etkisi'

Treatments Glucose | Creatinine CHOL TRG AST ALT ALP TP Albumin GGT
(mg/dL) (umol/L) (mg/dL) | (mg/dl) (U/L) (U/L) (U/L) (g/dL) (g/dL) un
Control 2432 0.32¢ 1352 61.8 349 4.01° 386¢ 4.32 2.52° 21.0
AFB1 218° 0.35° 126 54.6 377 5.33° 458° 3.80 2.32b 225
Savory AR 0.29° 126 62.8 351 4.17° 389¢ 3.82 2.40° 20.5
AFB1+ Savory 202¢ 0.32* 123 61.6 356 4.33° 410° 4.01 2.38° 21.8
SEM 2.9 0.082 2.0 2.08 7.1 0.173 16.5 0.096 0.021 0.54
Probability
AFB1 ** ** NS NS NS NS NS NS ** NS
Savory ** NS NS NS NS NS NS NS NS NS
AFB1x Savory * * * NS NS * * NS * NS
ab<c Means within a column without a common superscript differ statistically (P<0.05); * P<0.05; ** P<0.01; CHOL, cholesterol; TRG, triglyceride;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TP, total protein; GGT, gamma-glutamyltransferase
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Table 5. Effect of savory on humoralimmune response for broiler chicks fed
diet containing 0.5 mg aflatoxin/kg at day 28 of age

Tablo 5. 28. giinde 0.5 mg aflatoksin/kg iceren rasyon ile beslenen broyler
piliclerde geyikotunun humoral immun yanit lizerine etkisi

Treatments Newcastle (log2) Influenza (log2)
Control 7.0 5.0
AFB1 5.0° 5.0
Savory 8.4° 5.6
AFB1+ Savory 6.2° 5.0
SEM 0.27 0.17
Probability
AFB1 * NS
Savory * NS
AFB1x Savory * NS
ab Values in the same row not sharing a common superscript differ
significantly (P<0.05); * P<0.05; ** P<0.01

body weight gain. In consistence with our results, Dorner
et al."® reported that inclusion of aflatoxin in the diet
of broiler chicks resulted in a decreased of daily weight
gain. The reduced feed intake may be related to protein
catabolism and an increase in the level of ammonia
in blood. Moreover, the adverse effects of aflatoxin on
growth performance have been related with a decrease
in the protein and energy utilization 1"”, probably as a
consequence of a deterioration of the digestive and
metabolic efficiency of the birds.

The harmful effects of aflatoxin on the performance
of birds were declined by addition of savory to aflatoxin
contaminated diet. Also, in the total period birds fed savory
alone had more weight gain and lower feed consumption
and therefore better feed conversion ratio as compared
to the control group. In consistence with our results, a
study '® showed that the addition of savory at the level
of 200 mg/kg to diet of broilers could improve feed
conversion ratio.

In this study the level of AST and ALP in serum, as
markers of liver function, significantly increased in birds
fed aflatoxin contaminated diet. Increase in the level of
enzymes AST and ALP due to the addition of aflatoxin to
diet has been reported by Dafalla et al.'. In contrast, there
is a report 2% in which the addition of aflatoxin to diet has
no effect on the level of these enzymes. These enzymes
enter to blood from liver cells due to cell membrane
damage " By addition of savory to diet containing
aflatoxin, the levels of AST and ALP decreased. In consistent
with the results of the present study, there is a report ',
concerning the hepatoprotective effects of savory in rat
that showed savory could decrease the levels of AST, ALT
and ALP in serum. The major compounds in savory are the
carvacrol and flavonoids "°?'". Both of these compounds
have antioxidant properties. These phenolic compounds
present in the savory can prevent liver toxicity and thereby
possibly reduce the release of liver enzymes into the blood.

It is likely that the role of phenolic compounds present
in savory is protection of the liver against toxic agents.

In the present study, the birds fed diet containing
aflatoxin had lower concentrations of glucose and albumin
as compared with the control group. Also, the total protein
content of serum decreased as aflatoxin inclusion to
the basal diet. These results agreed with the findings of
previous studies 27, in relation to the reduction of serum
total protein and albumin due to the presence of aflatoxin
in diet of broilers. The reduction in total protein levels
due to aflatoxin supply may result from a defection the
transport of amino acids and mRNA transcription. Thus,
the protein synthesis is prevented in the body of birds 3,
which reflected in the serum as reduction in total protein.

In the birds fed diets containing aflatoxin the relative
weights of the liver, spleen and pancreas increased as
compared with the control group. The liver is a target
organ for aflatoxins. It is possible that more detoxification
process and more fat accumulation in the liver be main
cause of increased the relative weight of liver. Significant
increase in the relative weight of spleen in broilers fed
diet contaminated with aflatoxin has been also reported
by Bailey et al.?%. An increase in the relative weight of the
spleen can be attributed to an overactive of the spleen
during feeding diets containing aflatoxins. Addition of
savory to diet contaminated with aflatoxin decreased
this effect on the relative weights of mentioned organs.

Serum antibody titer against NDV was the lowest in
the birds fed diet containing aflatoxin. In consistent with
our finding, in some of studies 2?9 chicks received aflatoxin
treated ration had lower geometrical mean antibody
titers against the Newcastle disease as compared to the
control. Antibody titer against NDV significantly increased
in group fed diet containing savory alone as compared
with the control group. The savory has been reported to
have antibacterial and antioxidant activities . The major
components savory, thyme and carvacrol have been
indicated to possess potent antioxidant properties, and
an increase in immune responses of chicks was anti-
cipated. There was no report in the literature concerning
the effect of savory on the immune response of animals.

The results of this study suggest that the addition of
savory to diet could decrease the toxic severity of aflatoxins
on broiler chicks. The protective action of this compound
was particularly evident on growth performance.
These findings provide a basis for further studies on the
relationship between savory and protection against
aflatoxins toxicity, to improve the safety and quality of
poultry products.
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Summary

This study was conducted to determine the effects frying, boiling and freezing processes on the levels of sulfachlorpyridazine (SCP) and
trimethoprim (TMP) in broiler chest meat and liver. Male broiler chicks were assigned to two groups as control and treatment groups. Animals
were fed on commercial diet not containing SCP and TMP for 35 days. At 30* day, experimental group received suspensions of SCP-TMP
mixture (30 mg/kg SCP and 6 mg/kg TMP) via craw by gavage once daily for 5 days. At the end of 35" day, the chickens were sacrified and
right chest tissue and the liver were taken out. A portion of the tissues were stored in -20°C freezer for 30 and 45 days. After sacrifiying, the
raw tissues were exposed to frying and boiling processes. SCP and TMP analysis of tissues were performed by HPLC-DAD detector and reverse
phase column. In conclusion, it has been determined that boiled and grilled processes caused a reduction of SCP and TMP residues at different
rates in broiler tissues; while storing in the deep freezer did not cause a significant change on SCP and TMP residues.

Keywords: Sulfachlorpyridazine, Trimethoprim, Broiler meat, Liver, Cooking, Freezing, HPLC

Siilfaklorpridazin-Trimetoprim Karisiminin Broyler Dokularindaki
Kalintilar1 Uzerine Cesitli Pisirme ve Dondurma islemlerinin Etkileri

Ozet

Bu arastirmayla kizartma, haslama ve dondurma islemlerinin pilic g6gus eti ve karaciger dokularindaki stlfaklorpridazin (SCP) ve
trimetoprim (TMP) kalintilarina yonelik etkilerinin ortaya konulmasi amaclandi. Erkek broyler civcivlerden kontrol ve deneme olmak tzere
2 calisma grubu olusturuldu. Hayvanlar 35 giin boyunca SCP ve TMP icermeyen yemle beslendi. Deneme grubundaki civcivlere otuzuncu
glinden itibaren SCP-TMP karisimi (30 mg/kg SCP, 6 mg/kg TMP) 5 giin boyunca gilinde 1 kez sonda ile kursaga verildi. 35. gliniin sonunda
hayvanlar kesilerek sag gogus dokusu ve karacigerleri alindi. Dokularin bir kismi 30 ve 45 glin boyunca -20°C'lik derin dondurucuda saklandi.
Kesim sonrasi alinan ¢ig dokulara kizartma ve haslama islemleri uygulandi. Dokularin SCP ve TMP analizleri DAD dedektor ve ters faz kolon ile
HPLC'de gerceklestirildi. Sonug olarak, haslama ve 1zgara islemlerinin broyler dokularinda SCP ve TMP kalintilarinda degisik oranlarda azalmaya
neden oldugu; derin dondurucuda bekletmenin ise SCP ve TMP kalintilari Gizerinde 6nemli bir degisime yol agmadigi belirlendi.

Anahtar sozciikler: Siilfaklorpridazin, Trimetoprim, Etlik pili¢ eti, Karaciger, Pisirme, Dondurma, HPLC

INTRODUCTION

Sulfonamides block folic acid synthesis in bacteria and  many Gram-positive and Gram-negative microorganisms
coccidia by competing with PABA. SCP is effective against  and coccidia (E. necatrix, E. maxima, E. tenella, E. brunetti).
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SCP is used orally and well tolerated by the animals. It is
used for the treatment of coli-bacteriosis, cholera and
coccidiosis in drinking water for 3-6 days, at the dose of
30-50 mg/kg. If it is necessary, daily dose can be given up
to 400 mg/kg "4, SCP is also used in aquaculture and as a
feed additive especially for pigs and cattle €. The forms
of sulfonamides combined with TMP have very broad
spectrum; these combinations are used diarrhea, coli-
septicemia, CRD, salpingitis, coryza, cholera, staphylococcal
infections and coccidiosis of poultry "2,

SCP are rapidly absorbed and moderate exctrected. This
drug are bound to plasma proteins, especially albumin; it
is distributed widely to the body and readily enter body
fluids. Levels of SCP are highest in the liver, kidney and
lung. Metabolism is by acetylation and glucuronidation
in the liver. Like SCP, TMP are widely distributed in tissue
and interstitial fluid. Concentrations of TMP are higher
in tissues than serum. TMP is metabolized by the liver to
oxide and hydroxylated metabolites ¥. After the sulfonamide
administration of animals, sulfonamide residues can be
found in meat for a long time and they migh cause allergic
reactions for human and animals. Also, sulfonamide residues
of meat can increase occurence of bacterial resistance .
According to international codex " and Turkish Food
Codex ® maximum residue limit of sulfonamides and
trimethoprim are 100 pg/kg and 50 pg/kg for animal-
originated food, respectively.

Today, the use of drugs for the treatment and prevention
of diseases in animals has become an indispensable
application. However, the medications can be harmful for
human health through the residues of animal products
such as allergy, carcinogenic and teratogenic effects, the
development of resistancy in bacteria and decreasing
the activity of antibiotics 11912,

This study was conducted to determine the effects
of some cooking and freezing processes on SCP and
TMP residues in broiler meat and liver tissues.

MATERIAL and METHODS

In this study, 15 Ross-PM3 male chicken were used.
Chicken were fed with commercial chicken diet containing
all nutrients accepted by National Research Council
(NRC) "3, The diet and water were given as ad libitum.
For this research it was taken an ethical approval by
Ethical Committee of Erciyes University Veterinary Faculty
(2005/056/071).

Two groups were assigned as control and SCP-TMP
given group. For SCP-TMP group 10 male broiler chicks
were used. Five broilers were kept as control group
to study validation of SCP and TMP analysis. The chicks
were fed with SCP and TMP free feed for 35 days. At the
end of the 30" day, SCP-TMP combination was given by

gavage to craw at the dose of 30 mg/kg SCP and 6 mg/
kg TMP Bl'in water, once a day for 5 days to the SCP-TMP
group. 24 h after the last administration, the chicks were
sacrified and right chest and livers were taken out.
Broilers in control group were cut without any drug
administration; right chest and liver were taken to use
for validation studies. Ten grams of samples were taken
from each chest tissue and livers. The remaining tissues
were stored at -20°C freezer during 30 and 45 days to
determine the effect of cold storage on SCP and TMP
residues.

Grilling process was performed in teflon pan for 5
min, boiling process was performed on a tray with heater
set to 100°C with the addition of 50 mL salin (50 mg/50
ml NaCl) on the tissues at 10 min. After boiling process,
tissues and boiled water were seperated "%, Extraction
and analysis of SCP and TMP in raw, grilled, freezed tissues
at 30 and 45" days, boiled tissue and meat stock were
performed according to Papapanagiotou et al.'¥ with
several modification.

For extraction of tissue, 30 ml of dichloromethane was
added to 3 g of tissue. Sulfamethazine (80 pg) was added
on it as internal standard. The tube was homogenized by
homogenizer for 10 min in cold water medium at 20.000
rpm. The mixture was collected by filtration through
Whatman 40 filter paper. 1 mL of 3 N HCl was added on
10 ml of the filtrate and centrifuged at 3.000 rpm for 5 min.
250 pl of fluid was from the upper side and 250 pl of 3.8
M sodium acetate solution was added on it and vortexed
for 15 sec. 20 pl of this solution was applied to HPLC.

Validation of SCP and TMP analysis were evaluated
with the parameters of recovery, corelation coefficient,
limit of detection and limit of quantitation by using
chemometric techniques "l For preparation of calibration
curve 1-80 pug/ml or g range standard solutions as different
7 concentrations were prepared. The recovery rates were
calculated in drug-free tissue samples at the same range
of standard solutions for each samples.

SCP and TMP analyzes were performed in HPLC equipped
with DAD detector and C18 reverse phase column (ACE-
121-2546, 250x4.6 mm) by using methanol:water (60:40)
carrier system with pH 3 set by 10% orthophosphoric
acid with 1.8 ml/min flow rate '\

The analysis of data was performed using SPSS 15.0
software package. Data were evaluated with one-way
analysis of variance (ANOVA) (P<0.05). Differences between
groups were determined with Duncan’s test.

RESULTS

Validation Results

In analyzes of samples in HPLC, retention time of
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TMP, SMZ and SCP were found as 6.857 min, 8.168 min and
17.736 min, respectively (Fig. 17 and Fig. 2). The standard
curve showed linearity in range of 1-80 pg/ml for SCP and
TMP mixtures. For SCP, recovery (%), r?, the limit of detection
(LOD; pg/g) and limit of quantitation (LOQ: pg/g) were
found 93.25+4.46, 0.9992, 0.857 and 2.859 of chest;
87.95+4.5,0.9992, 0.739, 2.464 of liver; 98.12+6.51, 0.9993,
0.512, 0.812 of boiled tissue, respectively (Table 1). For
TMP, recovery, r? the limit of detection (LOD) and limit
of quantitation (LOQ) were found 97.55%+3.58, 0.9923,
0.255, 0.851 of chest; 95.38+6.15, 0.9983, 0.390, 1.303
of liver; 98.87+7.49, 0.9994, 0.432, 0.502 of boiled tissue,
respectively (Table 1).

Experimental Results

SCP levels of chest meats in raw tissue, raw tissue
frozen for 30 days, raw tissue frozen for 45 days, grilled
tissue, boiled tissue were found as 49.10 ug/g, 44.93 ug/g,
48.14 ug/g, 25.33 pg/g, 21.46 pg/g, respectively; SCP levels
of boiled water could not be determined (Table 2).

TMP levels in chest meats in raw tissue, raw tissue
frozen for 30 days, raw tissue frozen for 45 days, grilled
tissue, boiled tissue and boiled water were found as 1.91

ug/g, 1.8 ug/g, 1.84 ug/g, 1.48 pug/g, 1.15 pg/g and 0.68
pg/ml, respectively (Table 2).

SCP levels of liver in raw tissue, frozen tissue for 30 days,
frozen tissue for 45 days, grilled tissue, boiled tissue were
found as 60.31 pug/g,61.87 ug/g, 60.91 ug/g, 20.97 pg/g and
27.33 pg/g, respectively; SCP residues could not detected
in boiled water. One of the most important finding of the
study is that the levels of SCP were statistically decreased
in grilled and boiled tissue and boiled water as compared
to raw liver tissue (P<0.05) (Table 2).

TMP levels for liver tissue in raw tissue, frozen tissue
for 30 days, frozen tissue for 45 days, grilled tissue, boiled
tissue and boiled water were found as 1.56 pg/g, 1.52
pg/g, 1.59 ug/g, 1.34 ug/g, 0.97 ug/g and 0.57 pg/ml. TMP
levels of liver in boiled water were reduced significantly
as compared to raw tissue (P<0.05) (Table 2).

DISCUSSION

There are several HPLC techniques for determining
sulfachlorpyridazine residues in meat 778, According
to the method developed by Kowalski et al.l'® which
conducted for analysis of SCP, residues in meat samples were
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Fig 1. Chromatograms of TMP, SMZ ve SCP in chest
samples at 270 nm
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Table 1. Validation data of SCP and TMP
Tablo1. SCP ve TMP analizlerine ait validasyon verileri

Samples Recovery (%) r? LOD (ug/g) LOQ (ng/g)
SCP (Chest) 93.25+4.46 0.9992 0.857 2.859
SCP (Liver) 87.95+4.5 0.9992 0.739 2.464
TMP (Chest) 97.55+3.58 0.9923 0.255 0.851
TMP( Liver) 95.38+6.15 0.9983 0.390 1.303
SCP (Boiled tissue) 98.12+6.51 0.9993 0.512 0.812
TMP (Boiled tissue) 98.87+7.49 0.9994 0.432 0.502

Table 2. SCP and TMP levels of samples
Tablo 2. Orneklerde SCP ve TMP diizeyleri

Chest Liver
Samples
SCP TMP SCP T™MP

Raw tissue (ug/g) 49.10+7.26¢ 1.91+0.19¢ 60.31+10.47¢ 1.56+0.67°
Freezed tissue (30 day) (ug/g) 44.93+10.63¢ 1.8+0.21< 61.87+7.24¢ 1.52+0.33°
Freezed tissue (45 day) (ug/9) 48.14+10.03¢ 1.84+0.24< 60.91+£11.62¢ 1.59+0.63°
Griled tissue (ug/g) 25.33+3.66° 1.48+0.24 20.97+8.53° 1.34£0.41°
Boiled tissue (ug/g) 21.46+3.68° 1.15+0.57° 27.33+5.84° 0.97+0.07°
Boiled water (ug/ml) 00.00+00.00° 0.68+0.04° 00.00+00.00° 0.57+0.05°

deproteinized with acetonitrile, followed by treated with
acetonitrile-hexane. They have obtained clean samples
with dichloromethane-phosphate buffer exctraction and
evaporation under nitrogen gas. In our study, tissues
were extracted with dichloromethane, followed by the
filtering with filter paper, treated with 3 N HCl and 3.8 M
sodium acetate solution. As a result, purity of the samples
is sufficient for applying to HPLC.

To previous HPLC methods conducted to determine
sulfonamide residues in tissue, the wavelength was
selected as 270 nm 1161921 Although, the peak intensity of
trimethoprim was reported to be better at 229 and 240 nm
wavelengths, the wavelength of 270 nm was preferred in
the analysis of TMP combined with sulfonamide 42122, In
this study, the SCP, SMZ and TMP analysis were performed
at the wavelength as 270 nm (Fig. 1, Fig. 2). In previous
studies, several solutions such as 20% acetonitrile, di-
chloromethane-phosphate buffer and columns such as
C18, C4, C8 were used for determining sulfonamides and
TMP 0922 In this study, the peaks for TMP, SMZ and SCP
were taken as 6.857 min, 8.168 mine and 17.736 min
respectively, by using methanol: water carrier system
(60:40) with pH 3 (set by 10% orthophosphoric acid).
Although, the retention time of SCP is longer than the
other studies, obtaining the peaks of SMZ, SCP and TMP
at different times and sufficient peak intensity may be
considered as advantage of this method.

Kowalski et al."® reported that the r? value and recovery
rate of SCP were found as 0.9997 and 72.8, respectively.

Papapanagiotou et al.'" found the recovery rate of
sulphadiazine and TMP as 77.8-87.4% and 66.7-83.1%,
respectively. In this study, high recovery values were
obtained for both SCP and SMZ. According to the recovery
and correleation coeeficient parameters of this study,
Papapanagiotou’s method " can be used for the analysis
of SCP and TMP in chicken muscle and liver.

Unlike previous studies about sulfonamide analysis of
tissues, it has found high recovery and, low LOD and
LOQ values. This differencies can be related to modification
of homogenisation procedures, high peak intensity
and resolution with DAD at 270 nm, also chemometric
calculation methods (Fig. 1, Fig. 2).

Kostadinovic et al.l'”? reported that, SCP residues in
muscle tissue were eliminated faster than skin, liver, and
kidney (7, 12 and 18 days respectively) in turkeys exposed
to single administration of SCP; the highest tissue SCP
level in liver was observed as 32.3 ug/kg. In our study, the
highest SCP levels were also obtained from liver samples.
The study results reveal that, the accumulation of SCP
in liver was high like other studies .

There are several studies about the effects of cooking
and storing on sulfonamides. According the studies, cooking
processes have no significant effect on SMZ residues
in pork meat 2*2%; ormethoprim and sulfadimethoxine
residues decrease of fish meat ?%; sulfadiazine, sulfa-
methoxazole, sulfamonometoxin reduce of chicken meat,
sulfadimethoxine, sulfaquinoxaline and sulfadoxine reduce
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at different cooking and storing processes in broiler
tissues 3101128 |n this study, a significant reduction was
seen in the level of SCP and TMP in grilled and boiled
chest tissue and boiled water as compared to raw
chest tissue (P<0.05). The study results showed that,
grilling and boiling processes have a reducing effect
on both SCP residues in chest and TMP residues of
grilling process. The SCP residues could not be identified
in boiled water. This result can related to the weak passing
of this drug to the water, disintegration of the drug with
the effect of water and heat or transforming of the drug
into different metabolites. These results compatible of
several studies 11011261,

In the study SCP residue levels were decreased in grilled
and boiled liver samples compared to raw liver samples
(P<0.05), The SCP residues in boiled water were not within
measurable levels. The results of the study reveal that,
grilling and boiling processes have reducing effects on
liver SCP residues.

In terms of TMP residue levels in liver, a significant
reduction was seen only in boiled water compared to
raw tissue (P<0.05), No difference was recorded between
total TMP level of boiled tissue and water and raw liver
TMP levels (P>0.05). These results suggested that, the TMP
residue levels for liver were not affected from the storage
in freezer, grilling and boiling processes.

There are many factors affecting drug residue levels
in edible tissues like species, race, age and sex of animals;
stability, solubility, pharmacokinetic and pharmaceutical
differencies of drugs and administration route and time
of drugs '%"12327 |n this study, it is possible that, the
reducing effects of cooking process on the residues of
SCP and TMP in tissues are likely to be related to the above
factors.

Although, many studies focused on the tolerance limits
of drug residues in foodstuffs for raw tissues or organs,
animal products such as meat, milk and eggs usually
expose many process like cooking or canning before
consuming. Aminoglycoside, macrolide and tetracyclines
often remained in the tissues of slaughtered animals
without disrupting for a long time, but some of the
cooking and storing procedures could cause weak changes
on drug residues 391127 During these processes many
alterations may have seen in tissues like protein degradation,
water and fat loss and change in pH. Therefore, it has
been expected that, baking, roasting, frying, or cold
storage processes may breakdown or convert of drugs
to ineffective metabolites. So, cooking processes may be
reduced drug residues taken in meat.

In conclusion, boiling and grilling processes caused a
reduction in SCP and TMP residues at different proportions
in broiler tissues; storing in freezer did not cause a
significant change on residues of these drugs.
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Summary

Equine metabolic syndrome (EMS) is a metabolic disorder characterized by excessive obesity and or/regional adiposity, insulin
resistance (IR) and prior or current laminitis. In the course of the EMS, an important role exert systemic inflammation caused by
excessive expression of proinflammatory cytokines. The aim of the current investigation was to examine relationships between
expression IL-6 and TNF-a in adipose tissue and their concentration in peripheral blood in horses with EMS. On the basis of range of
research procedures, horses were divided into two groups: group A (EMS horses, n=8) and group B (healthy horses with overweight,
n=8). The concentration of the proinflammatory cytokines in the peripheral blood and their expression in the adipose tissue were
determined. The results of the EMS group showed numerous macrophages and lymphocytes infiltration and increased diameters
of adipocytes (P<0.05). The concentration of TNF-a in the serum of insulin-resistant horses was statistically higher compared to the
healthy individuals. No significant differences were observed between the EMS horses and the control horses in the concentration of
IL-6 in the serum. Moreover, our research revealed expression of investigated cytokines in adipose tissue. The results shows a higher
expression of TNF-a in the EMS groups. What is more, macrophages infiltration were observed. In the case of IL-6, were detected the
similar arrangement of this cytokines in adipocytes between both test groups. The study indicates the importance of pro-inflammatory
proteins TNF- a in the equine metabolic syndrome.

Keywords: Equine Metabolic Syndrome, TNF-q, | L-6, Insulin Resistance, Obesity

Atlarda Metabolik Sendrom (EMS) Sancisinda, Adipoz Dokuda ve
Periferal Kanda IL-6 ve TNF-a nin Aktivitesi

Ozet

Atlarin metabolik sendrom (EMS)'u asiri obezite ve/veya bdlgesel yaglanma ile karakterize, instilin direnci (IR) , ileri derecede veya
aniden olugmus laminitis ile karakterize metabolik bir hastaliktir. EMS derslerinde, proinflamatuar sitokinlerin asiri ekspresyonu ile
olusan sistemik inflamasyon uygulamada 6nemli rol oynadigi anlatilmaktadir. Bu ¢alismanin amaci, adipoz dokuda sentezlenen ve
periferal kanda bulunan, IL-6 ve TNF-a’'nin EMS'li atlarda olusan iliskilerini incelemektir. Arastirmanin ana hedefine gore atlar esas
olarak, iki gruba ayrildi: Grup A (EMS atlar, n = 8) ve grup B (kilolu saghkli atlar, n = 8). Periferal kanda proinflamatuar sitokinlerinin
konsantrasyonu ve bunlarin adipoz dokulardaki etkisi belirlenmistir. EMS grubunun sonuglari, pek cok makrofaj ve lenfosit infiltrasyonu
ve adipositlerin caplarinda artis (P<0.05 gdsterdi. insiiline direncli atlarin serumunda TNF-a konsantrasyonu saglikli bireylere gére
kiyaslandiginda istatistiksel olarak ytiksek sonuglar goriildi. Serumdaki IL-6'nin konsantrasyonunu EMS'li atlarda ve kontrol grubu atlar
arasinda anlamli farklar gézlendi. Ayrica, arastirmada incelenen yag dokularda sitokinlerin ekspresyonu saptandi. Sonuglarda EMS'li
grupta TNF-a nin daha yiiksek anlami oldugu goéruldi. En 6nemlisi makrofaj infiltrasyonu gézlendi. IL-6’'nin olgusunda, adipositlerde
sitokinlerin benzer durumu her iki grupta tespit edildi. Calisma atlarin metabolik sendromunda pro-inflamatuar proteinlerden TNF-
a’nin dnemini ortaya ¢ikardi.

Anahtar sézciikler: Atlarin Metobolik Sendromu, TNF-a, | L-6, Instilin Direnci, Obezite
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INTRODUCTION

Recently, the obesity is becoming an increasing
problem of civilization, affecting both humans and
animals, and thus it becomes the subject of intense
research. This issue is investigated on two main levels
affecting the carbohydrate and lipid metabolism: genetic
and environmental predisposition such as physical activity
and nutrition/diet ',

The obesity occurrence and high insulin serum level are
two of the few clinical symptoms allowing to diagnose
disease termed metabolic syndrome (MetS-Metabolic
Syndrome, Syndrome X). In the field of veterinary medicine,
the concept of the equine metabolic syndrome was
proposed for the first time in 2002 by Johnson et al.®. In
2010, the American College of Veterinary Internal Medicine,
finally defined and officially recognized the Equine Metabolic
Syndrome (EMS) as a disease entity . The EMS is defined as
a metabolic disorder that includes chronic/acute laminitis,
frequent low grade laminitis, hyperinsulinemia, pathologic
obesity and insulin resistance (IR). Additional features
characterizing the EMS are dyslipidemia, fluctuating levels
of blood adipokines and systemic inflammation 7, Equine
metabolic syndrome most commonly affects primitive
breeds of horses, i.e., ponies and/or heavy horses, as well
as those with the relatively low demand for selective
nutrients (Quarter Horse, Arabian, Morgans) '3, Genetic
predisposition and environmental factors, such as over-
feeding and lack of the exercises, contribute to initial
physiological insulin resistance and subsequent chronic
insulin resistance. Genetic predisposition to pathologic
obesity may be caused by a specific gene mutation, i.e.,
melanocortin-4 receptor, which is responsible for the
regulation of feed intake and insulin sensitivity .
Persistently high blood glucose level results in the
reduction or loss of the sensitivity of cell membranes
to the action of insulin. Furthermore, insulin resistance
increases the risk of laminitis by stimulating the synthesis
of endothelin-1 (ET-1), and activation of the sympathetic
nervous system, which results in the narrowing of blood
vessels. Disturbance of blood circulation within the hoof
capsule is the cause of excessive accumulation of fluid in
the interior, and in consequence, detachment of the hoof
capsule from the coffin bone ['>9,

In horses, the symptoms of excessive obesity include
regional adiposity as well as irregular fat distribution at the
base of the tail area, around eyes and at the base of the
neck, what is called in the literature as “cresty neck” 137,

Pathological adiposity in EMS individuals is strongly
associated with insulin resistance, and thus adipose
tissue play an important role in the course of this disease.
Additionally, adipose tissue is not only an energy reservoir,
but also a source of various pro-inflammatory cyto-
kines 1131820 These includes mainly tumor necrosis factor

alpha (TNF-a) and interleukin 6 (IL-6). The TNF-a is a
protein secreted by adipocytes and stromal vascular cells
(primarily macrophages). The role of this protein in the
pathogenesis of obesity and insulin resistance involves: (i)
inhibition of the activity of genes that regulate lipid and
glucose metabolism, as well as (ii) reduction of secretion
of adipokines with specific anti-hyperglycemic properties.
In the liver, TNF-a inhibits the expression of genes closely
related to the transport of glucose into the cells @Y,
Studies conducted in humans indicate a strong correlation
between the TNF-a expression in adipose tissue of obese
individuals and the level of hyperinsulinemia 3. Another
cytokine, in addition to TNF-a, playing a significant role in
the EMS is IL-6, a molecule responsible for initialization and
regulation of acute inflammatory response. This cytokine
is also responsible for the inhibition of insulin receptor
expression and the reduction of adipogenesis process.
Moreover, IL-6 reduces the secretion of adiponectin, peptide
hormone that has anti-inflammatory properties 2224,

Currently, diagnosis of equine metabolic syndrome,
especially at early stages of the disease development is
challenging for clinicians. The diagnostic procedures are
still under development and require further improvements.
There is increasing interest in the towards significance
of the enteroinsular axis in the pathophysiology of
EMS, but still the dynamic tests, mainly the combined
glucose-insulin test, are one of the main possibility of
EMS diagnosis ", However, additional information about
cytokines contribution to the physiological path of EMS
is required, thus acquiring this knowledge is crucial.

The aim of this study was to determine the levels of TNF-
a and IL-6 in the serum and adipose tissue derived from
EMS and healthy horses. Our objective was to correlate
the information about cytokine levels in the serum with
their distribution in the fat tissue. We hypothesize that
both information are relevant for the EMS diagnostic
and can contribute to the proper assessment of animals’
physiological condition.

MATERIAL and METHODS

Ethical Approval

This research was approved by the Il Local Ethical
Committee (No. 64/2008 and individual agreement for
experiments conducted on animals No. 21/2009), localized
at the Wroclaw University of Environmental and Life
Sciences, Wroctaw, Poland.

Experimental Horses

Sixteen heavy draft horses (Silesian breed and
Haflingers), different gender, age ranging from 8-14 years
were chosen for this experiment. All horses were qualified
on the basis of their medical history and detail medical
interview with the owners. The horses included into the
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study came from the Upper Silesia region in Poland. All
individuals had free access to water, sandy paddock and
performed work of moderate intensity. Body weight
was measured in all individuals using mobile, electronic
Equine Bosh Scale (Bosh, Germany). None of the qualified
mares was pregnant. Horses from the investigated group
had a history of laminitis, with clearly visible deformities
of the hoof. Moreover, horses qualified into the study
were characterized by regional adiposity and exhibited
general obesity. Body condition score (BCS) was measured
in the all horses using a scoring system of 1 (emaciated)
through 9 (extremely obese) to estimate fat deposition
and was based on the system developed by Henneke
et al.”®. Horses, which were characterized by obesity
and extreme obesity (8-9) qualified for the experimental
group. The other horses with the assessment of 6-7
were assigned to the control group °.. All investigated
individuals underwent following clinical examinations:
(i) measurements resting insulin level in the serum, (ii)
measurements of resting glucose level (iii), the Combined
Glucose-Insulin Test (CGIT test). Before performing CGIT,
all horses had limited access to Timothy hay in amounts
4 kg for sixteen hours. First, blood was collected from
the jugular vein for the determination of resting level
glucose and insulin. Next, 50% dextrose solution (150 mg/
kg bw) was injected intravenously immediately followed
by application of insulin bolus (IV 0.10 U/kg bw). For the
determination of glucose level by means of glucometer
(Glucosens 1040), blood samples were collected at 1, 5,
15, 25, 35,45, 60, 75, 90, 105, 120, 135 and 150 minutes
after administration of a bolus. In total, blood samples
were collected for 2.5 h 32627 Sterile technique was
maintained throughout the collection process. On the
basis of aforementioned procedures and the results of the
study, horses were divided into two groups: group A (EMS
horses, n=8) and group B (healthy horses, n=8).

Clinical Examination

All experimental animals were clinically examined by
two independent veterinarians. Horses were evaluated for
gait and hoof capsule using X-ray photography. Additional
visual examination and palpation was performed in order
to identify subclinical or clinical signs of laminitis.

Blood Samples Collection and ELISA Tests

Blood was collected from the jugular vein from all
examined animals (16 individuals), into tubes with the
granulate and the accelerator in an amount of 10 ml, once
from each horse. Then, this material was centrifuged,
preserved in liquid nitrogen and transported to the
laboratory. Blood insulin level was determined using the
Equine ELISA Test (BioVendor, Czech Republic), for which
blood samples were centrifuged and serum was removed.
Next, IL- 6 and TNF-a were detected using an equine IL6
ELISA immunoassay kit (Genorise Scientific, US) and TNF-a
(Genorise Scientific, US), according to the manufactures

instructions. Sterile technique was maintained throughout
the collection process.

Histochemistry and Imnmunohistochemistry
Examination of Fat Tissue

Adipose tissue sample (2 g) from the base of the mane
were collected from each horse under local anesthesia (2%
Lignocainum, Polfa S.A., Poland). The histological material
was preserved in 10% buffered formalin for 24 h.

Next, 5 um-thick sections were obtained on a Microm
HM 340E microtome (Zeiss, Germany) and placed on
histological slides. Samples were subsequently deparaffinized
with xylene, ethanol (decreasing concentrations from 100
to 70 %) and washed with distilled water. Slides were
stained with hematoxylin (Shandon™, Thermo Scientific
US) for 8 minutes, rinsed in running tap water for 10
minutes and stained with eosin (Shandon™, Thermo
Scientific US) for 5 min. Sections were dehydrated by
washing with ethanol (increasing concentrations from 70
to 100%), followed by xylene and sealed with DPX mounting
medium (AquaMed, Poland). Analysis was performed using
light microscope (Axio Imager A1, Zeiss) 128,

The 3 um-thick tissue sections were cut, dewaxed and
rehydrated. Immunoperoxidase cell labeling was performed
using polyclonal antibodies against IL-6 (Genorise
Scientific, USA) and TNF-a (R&D Systems, Germany). Heat-
induced antigen retrieval was performed as follows: slides
were incubated in the target retrieval solution pH=9.0
(Dako, Denmark) for 20 min. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide and
slides were washed with TBS (tris-buffered saline) for 5
min each. Tissue samples were labeled with antibody
solutions. Primary antibodies were incubated for 20 min
at 20°C. Detection was performed with EnVision™ Systems
(Dako, Denmark). Sections were counterstained with
Mayer's hematoxylin for 1 min, dehydrated and sealed.
Analysis was carried out with optical microscope (Axio
Imager A1, Zeiss Germany).

Morphometric Examination

Morphometric analysis of adipose tissue was performed
with an Axio Imager light microscope (Zeiss, Germany)
using 10 fields of view for each individual (each slide).
Photographic documentation was compiled using the
Axio Camera (Zeiss, Germany).

Statistical Analysis

Verification of data normality was performed using
Shapiro-Wilk test, whereas the Levene’s test was used to
assess the equality of variances. Depending on the results
of data validation, comparison analysis was performed
using parametric or non-parametric statistical tests, i.e.,
Student’s t test or Mann-Whitney U test, respectively. The
P values lower than 0.05 were considered to be significant.
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All statistical calculations were performed using the
STATISTICA 7.0 software (StatSoft, Inc., Statistica for
Windows, Tulsa, OK, USA).

RESULTS

Clinical Picture of Investigated Horses

A clinical examination of experimental animals revealed
a significant degree of obesity and regional adiposity.
The average body weight of horses in group A (EMS
horses) was 709 kg, while in group B (control horses),
the body weight was 674 kg (Table 1). Horses from EMS
group had unusual distribution of body fat, particularly
around the base of the tail, eyes and at the base of the
mane. Despite increased body weight of horses within
group B, no symptoms of pathological adiposity were
noticed. Horses assigned to group A were characterized
by elevated levels of rest insulin (ranging from 60 to100
pU/ml). Moreover the results of CGIT test were positive.
Horses assigned to group B, showed normal rest insulin
level (ranging from 5 to 20 pU/ml) and the CGIT test gave
negative result.

The Morphology, Morphometry,
Immunohistochemistry and Inmunoassays of
Adipose Tissue

Adipose tissue collected from horses within group
A had a dark brown color. By contrast, adipose tissue
obtained from horses of group B was of pale straw color.
Morphological examination of adipose tissue in group A,
revealed a slight degree of mononuclear cells, abundant
macrophages and lymphocytes infiltration (Fig. 1B). In
addition, histological examination of adipose tissue in
group A exhibited a slight fibrosis (Fig. 1B). In group B,
no inflammatory cells infiltration was observed (Fig. 1A).
Adipose tissue in group B had proper histological picture
(Fig. 1A).

Table 1. Body weight of individual horses qualified for the experimental
and the control groups

Tablo 1. Deneysel ve kontrol grubundaki atlarin bireysel viicut agirliklarini
kualifikasyonu

Patient Horses with EMS Healthy Horses
(Group A) (Group B)
1 710 625
2 684 686
3 712 680
4 680 692
5 730 720
6 710 679
7 728 645
8 721 664
X 709 674

The data of morphometric measurements of adipose
tissue derived from insulin-resistant horses (group A) and
the control (group B) were analyzed statistically. The results
of comparative analysis showed that the average diameter
of adipocytes forming the tissue obtained form group A
was larger than of adipocytes in group B (Fig. 2).

The immunohistochemical analysis performed to detect
IL-6 distribution showed similar arrangement of this cyto-
kine in adipocytes’ membrane both in EMS and healthy
horses (Fig. 1C, D). The level of IL-6 in the serum was
higher in group B, although statistical analysis showed
no significant differences in the serum concentration of
IL-6 between both test groups. The mean concentration
of serum IL-6 in the group A was noted at the level of
1.893+0.0073 ug/mL, while in group B, the average level
of IL-6 was 1.888+0.0079 pg/mL (Fig. 3).

The analysis of TNF-a distribution showed that in
adipocytes of both investigated groups this cytokine
localized primarily in the nucleus (Fig. 1EF). The level of
TNF-a in the serum samples was higher in group A. In
this group 1.9+£0.02 units of TNF-a were detected, while
in group B it amounted to 1.2+0.02 units. The observed
differences were statistically significant (Fig. 4).

DISCUSSION

The frequency of the obesity in animals is increasing,
posing a serious problem in veterinary medicine.
Similarly as in the human population, the obesity in
animals is considered as a medical condition of epidemic
character 2%, The problem of obesity is especially common
for small animals, i.e., dogs and cats, but it also affects
other domestic animals including heavy horses (mainly
draft horses). The World Horse Welfare estimates that the
obesity frequency in the United Kingdom is reported
in 50% of the population of pleasure riding horses 53",
Background for the development of horses obesity is
similar to that in humans and results mainly from improper
diet, physical inactivity, but also genetic predispositions.
High-carbohydrate diet provides large dose of energy,
which is very rarely balanced with the physical activity.
The obesity affects animals by decreasing its performance,
reproductive success and longevity. Moreover, in the case
of horses, prolonged and untreated obesity increases
the risk of development of metabolic diseases such as
equine metabolic syndrome (EMS), strongly associated
with insulin resistance (IR), laminitis and hyperinsulinemia.
Considering these facts, the obesity in horses leads to
life-threatening conditions 3239, The obesity in horses
is often neglected by the owners, and sometimes it is
difficult to determine by the veterinary clinicians. Various
methods have been applied to evaluate symptoms of
obesity or obesity-related diseases such as EMS. However,
veterinarians are still seeking for a save diagnostic tool,
helping recognize early signs of metabolic disorders,
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Fig 1. Histochemical and immunohisto-
chemical analysis of adipose-tissue of
EMS horses (B,D,F) and control horses
(A,C,E). Inflammatory infiltration of
macrophages and lymphocytes in
EMS adipose tissue (E) and proper
histological picture in control horses
(E). High expression of TNF-a in the EMS
group with additional macrophages
infiltration (D) and slight degree of
inflammatory cells in the control group
[C]. Comparable expression of IL-6 in
both study groups (A,B)

Sekil 1. EMS i atlarin (B,D,F) ve
kontrol gruplarinin (A,CE) adipoz-
dokularinin histokimyasal ve immuno-
histokimyasal analizleri. EMS'li atlarin
adipoz dokularindaki (E) ve uygun
kontrol grubu atlarin (E) histolojik
resimleri, makrofajlarin ve limfositlerin
inflamatuar infiltrasyonu. EMS grupta
ilave makrofaj infiltrasyonu (D) ile
yuksek TNF-a olusumu ve kontrol
gruptaki (C) hafif dereceli inflamatuar
hicreler. IL-6 nin her iki grupta (A,B)
karsilastirimali ifadesi
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Fig 2. Statistical comparison analysis of adipocytes diameter in both
groups investigated. Results were consider significant at P<0.05

Sekil 2. Her iki grupta adipozit caplarinin istatistiksel olarak karsilas-
tirlmali analizi. Sonuglar anlaml bulundu P<0.05

especially when recommended methods, such as combined
insulin test might be dangerous for animals’ life 132,
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Fig 3. Comparison of IL-6 level in the serum of EMS and healthy horses

Sekil 3. EMS'li ve saglikli atlarda IL-6 seviyelerinin karsilastiriimasi

Some physical characteristic of animals are crucial when
diagnosing obesity. Obese horses are distinguished by the
accumulation of adipose tissue especially in the tail base,
area surrounding eyes and the neck region %32, As it was
reported previously, the obesity might correlates with the
morphology of adipocytes 3. This observation confirms
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Fig 4. Comparison of TNF-a level in the serum of EMS and healthy
horses

Sekil 4. EMS'li ve saglikli atlarda TNF-a seviyesinin karsilastiriimasi

our findings where we noticed the higher adipocytes size
average in EMS horses, compared to the healthy individuals
with observed overweight. Due to the fact that the adipose
tissue is a complex structure and may act in an endocrine
manner, the disturbance of adipocytes homeostasis may
have negative effect on the organism. The adipokines
might act not only in an endocrine manner but also, in an
autocrine and paracrine fashion, therefore, their activity
might lead to adverse metabolic consequences and may
give different clinical picture of disease. The body mass
increasing contribute to dysfunction of secretion of adipo-
kines, which influence on inflammation and glycemic
function B+3¢. Furthermore, the hypertrophic adipocytes
secrete a variety of factors that foster both peripheral
and hepatic resistance to insulin. Among the adipokines,
the raised activity of TNF-a and IL-6 might play a key
role in the development of insulin resistance and might
lead in consequence to the development of EMS .
Moreover the subinflammatory state, induced by obesity,
can be accelerated by the macrophages infiltrating
of the adipose tissue, - which additionally promotes a
chronic condition ®%3¢. Our research showed abundant
infiltration of macrophages and lymphocytes in adipose
tissue of EMS horses whereas healthy individuals did not
exhibited this phenomenon. Taking under consideration
that the IL- 6 and TNF-a are involved in the development
of insulin resistance, we decided to investigate if there
are correlation between the level of both cytokines in
the serum and their distribution in in adipose-tissue. We
found the elevated level of both cytokines in the serum
of EMS horses (group A). However, a statistical analysis
reviled only significant differences in the concentration
of TNF-a between the groups. Immunohistochemical
analysis showed intracellular localization of the TNF-a in
adipocytes of EMS as well as in control horses. Uysal et al.*”!
showed that the deletion of TNF-a 1 or TNF-a 2 receptor
results in a significantly improved insulin sensitivity in the

diet-induced obesity in mice but also in leptin-deficient
ob/ob mice ¥7. Other research reported that TNF-a may
act as pivotal mediator in the insuline resistance as high
TNF-a expression in human fat tissue correlated positively
with BMI, percentage of body fat, and hyperinsulinemia,
whereas weight loss caused a decrease of TNF-a level B8,
Based on our results, we argue that in BSC-related insulin
resistance, the TNF-a may play a key role. Our results
correlates with the data obtained by other research
groups in animal experimental models as well as in human
patients .. The role of IL-6 in the insulin resistance is not
clear because of conflicting data. However, some research
has revealed an relationship between IL-expression in the
mares obesity and their age 7*%. With the increase of BCS
in mares under 20 years of age there was a decrease of IL-6.
However, in human, it seems that high level of IL-6, which
is typical for chronic inflammation states, is associated
with the obesity and type 2 diabetes . They, in turn, can
result in insulin resistance and temporarily elevated level
of this cytokine not affecting glucose homeostasis “%. Our
research showed similar arrangement of IL-6 distribution
in adipocytes in both study groups and no significant
differences in the serum concentration of IL-6 both in EMS
and healthy horses. The researched horses were younger
than fifteen years of age and older than seven years of
age. Thus, our results might suggest the effect of age
on activity IL-6 in adipose tissue and peripheral blood in
obesity horses. However, the results emphasize the need
for further studies to explain the role IL-6 in the course
of the pathophysiology EMS. In the present research we
showed correlation between the level of TNF- a in serum
as well as in adipose tissue in EMS horses. We state that
this information’s might be used as an auxiliary tool in
the process of equine metabolic syndrome diagnosis.
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Summary

Camel can tolerates water deprivation conditions more than two months. Kidneys are vital organs in this case. The objective of this
study is recognition of kidney lesions. In this study 38 samples of kidney were collected from slaughter house of Tabbas and Mashhad.
Specimens were fixed in 10% neutral buffered formalin for at least 24 hours and then routinely processed and then the sections were
stained with Haematoxylin and Eosin (H&E), special staining and immunohistochemistry. Histopathological study revealed different
lesions and the most common were glomerulonephritis. Other lesions were acute tubular necrosis (ATN), renal cyst and interstitial
nephritis. Vascular calcification was significant lesions which were characterized with basophilic material in the intima of vessels. Renal
adenoma was diagnosed in one camel and according to review literature it is the first report in camel.

Keywords: Kidney, Renal Adenoma, Camelus dromedaries, Histopathology, Immunohistochemistry

iranin Kuzey Dogusunda Kesimi Yapilan Develerde
(Camelus dromedarius) Bébrek Lezyonlari Uzerine
Histopatolojik Arastirmalar

Ozet

Deve su yoksunlugu kosullarina iki aydan fazla dayanabilmektedir. Bobrekler bu durumda hayati organlardir. Bu calismanin amaci,
bobrek lezyonlarinin belirlenmesidir. Bu ¢alismada 38 bobrek numunesi Abbas ve Meshed kesimhanelerinden toplandi. Numunelerin
en az 24 saat % 10 nétral tamponlu formalinle tespit ve rutin islemlerinin ardindan kesitler Hematoksilen ve Eosin (H & E), 6zel boyama
ve immunohistokimya ile boyandi. Histopatolojik inceleme en yaygini glomerulonefrit olmak tzere farkli lezyonlari ortaya koydu. Diger
lezyonlar akut tiibller nekroz (ATN), renal kist ve interstisyel nefrit olarak belirlendi. Vaskdler kalsifikasyon damarlarin intimasinda
bazofilik materyal ile karakterize 6nemli lezyonlardi. Renal adenom bir devede belirlendi ve bu durum literatiir incelemesine goére
develerde ilk kez bildirilmistir.

Anahtar sozciikler: Bobrek, Renal adenom, Camelus dromedatries, Histopatoloji, /mm(]nhistokimya

INTRODUCTION

Camel is a comparatively hardy animal and is less
susceptible to many of the diseases that affect other
livestock species in the same area . However, it is apparent
that we know too little about the diseases from which it
does suffer. In different reports, tubulonephrosis due to
DNA virus @ and Ricketsia-like organisms &), glomerulo-
nephritis due to aflatoxicosis ™, glomerulonephritis and
interstitial nephritis ® were described. Kidney lesions,
especially nephritis, are major diseases of domestic

animals. Outbreaks occur in camel, cattle, buffaloes and
small ruminants in various countries of the world. This
study was conducted with the objective of identifying the
types of histopathological kidney lesions of slaughtered
camels in north east of Iran.

Tumours have been rarely documented in captive
camelids. In the Arabian dromedary (Camelus dromedarius)
there have been reports of an ovarian teratoma ®,
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bronchioloalveolar adenocarcinoma 7, lymphocytic
leukaemia ®, renal cell carcinoma ® and osteosarcoma 1'%,
According to the authors knowledge no reports on
renal cell adenoma have been published and this paper
described the pathological and immunohistochemical
findings of this tumor.

MATERIAL and METHODS

Thirty eight kidneys which exhibited grossly lesion
were obtained from abattoir in Mashhad and Tabas in Iran.
The tissues were fixed in 10% neutral buffered formalin
for 48 h and processed according to routine procedure
and sectioned at 5 pm and stained with Haematoxylin and
Eosin (H&E). Selected sections were stained with von Kossa
for demonstration of calcium deposition and periodic
acid-schiff (PAS). Immunohistochemical staining has been
carried out for cytokeratin in a kidney suspected to tumor.
The sections were examined using light microscope.

RESULTS

The kidneys of slaughtered animals showed different
lesions which are summarized in Table 1.

Glomerulonephritis was the most common lesions
recorded in 29% of the camels. Glomerular tufts were
enlarged and occupied the Bowman's space and also
adhesions to parietal layer of Bowman’s capsule were
seen and the capillaries of tufts were congested. This
category has been done according to histochemical
staining (PAS) slides. Seven (18.4%) cases were diagnosed as
membranous glomerulonephritis with increased mesangial
matrix and basement membrane thickening in glomerular
tufts. In most cases, the Bowman’s spaces were filled
with serofibrinous exudations (Fig. 7 and Fig. 2) which
were positive in PAS staining and were encountered as
proteinuria. The amounts of mentioned materials in some
cases were increased and so the cell elements of glomerules
were vanished.

ATN was counted as second ranked lesions. The
epithelium of proximal tubules showed pyknosis with
eosinophilic cytoplasm (Fig. 3).

Table 1. Different renal lesions encountered on slaughtered camels
Tablo 1. Kesilen develerde karsilasilan farkli renal lezyonlar

Lesions Type Number (%)
Glomerulonephritis 29 (76.3%)
Acute tubular necrosis 10 (26.3%)
Vascular calcification 5(13.1%)
Renal cysts 2 (5.3%)
Interstitial nephritis 1 (2.6%)
Renal cell adenoma 1(2.6%)

Fig 1. Camel kidney. Glomerulonephritis. Note to increasing mesangial
matrix (arrows) and proteinuria (star) with amorphouse eosinophilic
materials in Bowman’s space (H&E)

Sekil 1. Deve bobregi. Glomerulonefrit. Bowman’s alaninda artan
mesanjiyal matris (oklar) ve sekilsiz eozinofilik materyalli proteiniri
(yildiz) gorilmektedir (H&E)

Fig 2. Camel kidney. Glomerulonephritis. Thickening of basal membrane
(arrows) and increased mesangial matrix (star) is obvious (PAS staining)

Sekil 2. Deve bobregi. Glomertilonefrit. Bazal membranin kalinlagmasi
(oklar) ve artan mesanjiyal matris (oklar) oldukca belirgin (PAS boyama)

Mineralization of vessels walls were detected in five
kidneys in various degrees. Purplish color granules with
different sizes which stained black color in von Kossa
staining method were deposited in vessels. The calcium
salts were completely replaced the muscular fiber in
affected vessels (Fig. 4 and Fig. 5).

Renal cysts were seen in two cases. The cysts were
single and covered by flattened epithelium. They were
elliptical and minimum diameters were 600 pm. Also they
located sub capsular (Fig. 6).

Focal interstitial nephritis was observed in one kidney.
It was characterized by accumulation of lymphocytes
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Fig 3. Camel kidney. Acute tubular necrosis. Note to pyknotic nuclei
(dark arrows) and karyolysis (green arrows) which indicated coagulative
necrosis of renal proximal tubules (H&E)

Sekil 3. Deve bobregi. Akut tubller nekroz. Piknotik ¢ekirdekler (koyu
oklar) ve renal proksimal tibdillerin koagulatif nekrozu belirtisi olan
karyoliz (yesil oklar) gérilmektedir (H&E)

Fig 5. Part of figure 3 with high magnification. Purple precipitation
(arrows) is obvious beneath endothelial layer and between smooth
muscles of medial layer (star) (H&E)

Sekil 5. Yiksek buyltme ile Sekil 3'Uin bir bolimi. Mor presipitasyon
(oklar) endotel tabakasinin altinda ve medial katmanin diz kaslari
arasinda belirgindir (star) (H&E)

Fig 4. Camel kidney. Note to calcification of vessel wall (star) (H&E)
Sekil 4. Deve bobregi. Damar duvarinda kalsifikasyon (yildiz)

gorilmektedir (H&E)

and plasma cells in cortico medullary area and in one
case they were accumulated around glomerulous (Fig. 7).

Renal adenoma with tubulopapillary pattern was
diagnosed in one of the kidneys. There were multiple foci
of proliferated tubules which were covered by cuboidal
epithelial cells. The cells had single nuclei with single
nucleolus. Also papillary projections were seen and
comprised of fine, richly vascularized stroma covered with
one or more layers of neoplastic cuboidal cells. In some
areas the papillae were dense or finger-like projections
proliferating into cystlike microcavities (Fig. 8 and Fig. 9).
Tubules pleomorphism, cellular atypia, mitotic figures
and nuclear hyperchromatism were rare.

Fig 6. Camel kidney. Renal cyst is located in cortex. Note to flattened
epithelium which covered the cyst wall (H&E)

Sekil 6. Deve bobregi. Bobrek kisti kortekse yerlesmistir. Kist duvarini
orten diizlesmis epitel tabakasi goriilmektedir (H&E)

Immunohistochemical staining illustrated strong
reaction in proliferated cells for cytokeratin. They showed
dark brown staining (Fig. 10 and Fig. 17).

DISCUSSION

In the present work, type and frequency of microscopic
kidney lesions were encountered on camels slaughtered in
north east of Iran, Mashhad and Tabas. Histopathological
study of the kidneys revealed different lesions such as
glomerulonephritis, acute tubular necrosis, interstitial
nephritis, vascular calcification and renal adenoma. Other
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Fig 7. Camel kidney. Note to accumulation of inflammatory cells in the
interstitial tissue (star) (H&E)
Sekil 7. Deve bébregi. interstisyel doku yangi hiicrelerinin birikmesi
(yildiz) gorilmektedir (H&E)

Fig 8. Camel kidney. Big foci of proliferated cells which formed tubules
and surrounded by connective tissue (star) are seen (H&E)

Sekil 8. Deve bobregi. Tubdlleri olusturmus ve bag dokusu ile cevrili
cogalmis hiicrelerin biytk odaklari (yildiz) gorilmektedir (H&E)

researchers also have been reported high prevalence
of renal lesions in other countries ®'". This high prevalence
of kidney lesions especially renal cell adenoma could be
due to the older age of animals at slaughter with possibility
of being exposed at least once to one or more agents
that can induce renal disease.

The most recorded lesions of kidney were glomerulo-
nephritis in this study. Glomerulonephritis results often
from immune - mediated mechanism, which is due to
involving antibodies to glomerular basement membrane
or deposition of soluble immune complexes within the
glomeruli. Second type of glomerulonephritis occurs in
association with persistent infections or other diseases
that characteristically have a prolonged antigenemia 23,

Fig 9. Part of Fig. 7 with high magnification. Note to new tubules (star)
which covered by uniform epithelial cells and loose connective tissue
around tubules (H&E)

Sekil 9. Yiksek blyltme ile sekil 7'nin bir bolima. Ayni yapili epitel
hiicreleri ile cevrili yeni tibdller (yildiz) ve tubiller cevresinde gevsek

bag dokusu gortilmektedir (H&E)

Fig 10. Renal adenoma. Note to brown tubules which are located near
together. Cytokeratin immunostaining, haematoxylin counterstain

Sekil 10. Renal adenom. Yakin olarak birlikte bulunan kahverengi
tibuller gorilmektedir. Sitokeratin immiinboyamasi, hematoksilen zit
boyamasi

In this study the cause of glomerulonephritis probably is
prolonged infectious disease which is unclear and needs
to investigate in future. Glomerulonephritis is relatively
prevalent in domestic animals and represents a common
form of renal disease. It also has been reported as a sequel
to chronic infectious disease .

ATN was showed in 10 cases. It is usually due to
ischemic or a toxic insult to the renal tubular epithelial
cells. In first one, disruption of the tubular basement
membranes occur and tubular repair in such kidneys
is imperfect. The second one is due to various classes of
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Fig 11. Part of figure 9 with high magnification. Note the brown
nuclei of the epithelial cells covered the tubules (arrows). Cytokeratin
immunostaining, haematoxylin counterstain

Sekil 11. Yuksek biyutme ile sekil 9'un bir bolimu. Tubdller tarafindan
kaplanmis epitel hiicrelerinin kahverengi cekirdekleri (oklar). Sitokeratin
immuinboyamasi, hematoksilen zit boyamasi

naturally occurring or synthetic compounds. Nephro-
toxins usually do not damage the tubular basement
membranes 231, ATN which were observed in this
study may be due to nephrotoxins which were naturally
consumed by animals because the basement membranes
of renal tubules were intact.

Renal cysts were seen in 2 cases. Renal cyst is common
in pigs and calves. Taha et al."" reported cystic dilation of
renal tubules in camels. Renal cyst may located anywhere
in either cortex or medulla and they range from those
barely visible to those several centimeters in diameter %3],
In these cases, the cysts were hardly seen in macroscopic
and they were in cortex. They have thin walled and lined
by flattened epithelium 2 which is in agreement with
these cases characteristics. Also they are usually spherical.
In this study mentioned cysts were elliptical and may be
this is due to processing steps.

Vascular calcification was detected in more than 13
percent of slaughtered camels. These precipitations were
seen in muscular middle layer (tunica media) of arteries.
This finding is equivalent of Monckeberg’s arteriosclerosis
or medial calcific sclerosis of humans ">, Minor degrees
of calcification of the cardiovascular system are common
in elderly people "¢, Vascular calcification results from
deposition of calcium phosphate crystals (hydroxyapatite)
as a consequence of disordered calcium phosphate
regulation in the blood vessels. The mechanism of vascular
calcification is not fully understood, but probably involves
a phenotypic change in the vascular smooth muscle cells in
the wall with activation of bone-forming program 078,
According to review literature there was no report in
camelide about vascular calcification and maybe this is

due to their age.

Renal adenoma is rare tumor in domestic animals and
when found it usually is an incidental lesion at necropsy
or slaughter because these tumors are clinically silent 1,
Also this case was related to a camel which slaughtered.
They are said to occur more often in cattle and horses than
in other species 2", In dogs they comprise about 15%
of primary renal epithelial tumors. Renal adenoma arises
from epithelium of the proximal convoluted tubules.
Grossly, they tend to be solitary nodules less than 2 cm
across but occasionally are larger. They grow expansively.
Microscopically, the tumor cells are cuboidal with moderate
to abundant acidophilic cytoplasm. They form tubules and
acini that may be subclassified as tubular, papillary, or
solid based on the major histopathological pattern: central
or elongated lumen (tubular type); papillary growth of
varying sizes that project into lumens (papillary) or solid
sheets. Mixtures of all three types can occur "\ In this
case mixtures of tubular and papillary form were seen
and solid sheets were absent. Histologic differentiation
of adenoma and renal carcinoma is sometimes impossible.
A few adenomas may be small well differentiated carci-
noma 3. In this case pleomorphism, cellular atypia and
mitotic figures were rare so it was detected as renal
adenoma. According to histopathological and immuno-
histochemical testing and to the best of author’s know-
ledge; this is the first report of renal adenoma in a Camelus
dromedarius.
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Summary

As a causal relationship between DNA damage, repair mechanism disorders and cancer demonstrated by experimental and
epidemiological data. Transforming process starts from DNA damage to oxidative stress is associated with mutational inactivation of
suppressor genes, activation of oncogenes. Related to this aim, it is important to indicate how cancer cells react under oxidative stress
through by SOD2 expression, besides presenting correlation between NF-kB mechanism. Cell lines were maintained and cultured as
recommended by ATCC (American type culture collection) resource. Cells were grouped and after detecting optimum concentration
by MTT test (cell viability assay), treated with DNA damage agent (MNNG) and antioxidant (tempol) for indicated time points. Western
blot analysis revealed that cell lines with comparable levels of SOD2 (Superokside dismutase 2) protein expression. However, cells were
collected to measure NF-kB (Nuclear Factor kappa B) enzymatic activity using luciferase expression by transfection way. We observed
high constitutive NF-kB activity by using 20 uM MNNG although decreasing NF-kB during 30 uM tempol treatment. The results showed
strong correlation between SOD2 expression and NF-kB activation.

Keywords: Antioxidant, SOD2, DNA damage

SOD2 Saliniminin Farkh Kanser Tirlerinde Oksidatif Strese
Karsi Degisimi ve Onemi

Ozet

DNA hasari, onarim mekanizmasindaki bozukluklar ve kanser arasindaki nedensel iliski deneysel ve epidemiyolojik veriler ile
gosterilmistir. DNA hasarinin oksidatif strese dontisim asamalar baskilayici genlerin mutasyonal inaktivasyonu ve onkogenlerin
aktivasyonuileiliskilendirilir. Buamag dogrultusunda, kanser hiicrelerinin SOD2 (Superoksit dismutaz 2) degisimine bagl olarak oksidatif
stres kosullarindaki etkileri ve bu mekanizmada NF-kB (Nikleer Faktor kappa B) transkripsiyon faktoriiniin dnemi gosterilmistir. Hlicre
hatlari ATCC'nin (Amerikan tipi kiltiir kolleksiyonu) belirttigi prosediirlere uygun olarak kdltire edilerek saklandi. Hiicreler gruplara
ayrildiktan sonra, MNNG ve tempol ajanlarinin optimal konsantrasyonun hiicre canhlik (MTT test) yontemiyle belirlenmesiyle belirtilen
zaman araliklarinda uygulandi. Hiicre hatlarindaki farkli SOD2 protein diizeyleri western blot analizleri ile gosterilerek karsilasgtirildi.
Bununla birlikte transfeksiyon yoluyla yapilan luciferase yontemi kullanilarak NF-kB enzimatik aktivitesi belirlendi. Bunun sonucunda,
20 yM MNNG uygulandiginda yiiksek NF-kB aktivitesi gozlenirken, 30 uM tempol tedavisi ile NF-kB seviyesinin azaldigi gorildi.
Sonuglar SOD2 ekspresyonu ve NF-kB aktivasyonu arasinda gii¢lii korelasyon gosterdi.

Anahtar sézclikler: Antioksidan, SOD2, DNA hasari

INTRODUCTION

Oxidative stress is described as imbalance between also important from biomedical point of view which is
production of free radicals and reactive metabolites, is related to human diseases such as neurodegenerative,
called reactive oxygen species (ROS), and their eradication  cardiovascular, inflammatory, allergies, immune dysfunctions,
by protective mechanisms, referred as antioxidants ™. It's  diabetes, aging and cancer 2. Oxidative stress has been
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implicated in both apoptosis and the pathogenesis of cancer
providing contrived support for two notions: free radical
reactions may be increased in malignant cells and oxidant
scavenging systems may be useful in cancer therapy 54,

ROS (Reactive oxygen species) are induced by a variety
of endogenous and exogenous sources ¥\ At pathologically
high levels, ROS cause damage to biological molecules,
including DNA. It has been estimated that around 2x10*
DNA damaging events occur in every cell of the human
body everyday. DNA mutation is a critical step in carcino-
genesis and elevated levels of oxidative DNA lesions
(8-OH-G) have been noted in various tumours, strongly
implicating such damage in the etiology of cancer .
Importantly, ROS does not always occur products of
cellular metabolism sometimes they are generated by
specific plasma membrane oxidases in response to growth
factors and cytokines and serve as secondary messengers
in specific signaling pathways ”#. ROS signaling is reversible,
tightly controlled through a regulatory network. This
network results from a concerted assembly of protein
complexes, built through protein interactions mediated by
interaction modules and posttranslational modifications
in the binding partners ®. Constitutive activation of cell
survival signaling is a general mechanism underlying
tumor development and resistance to therapy and
constitutes a major clinical problem in cancer ®°. Cells
respond to DNA damage by activating checkpoint pathways
that delay progression through the cell cycle. If the damage
is determined to be beyond repair, the cell may undergo
apoptosis to prevent mutations from being propagated "
An optimal cellular damage response requires both repair of
damage and coordination of critical cellular processes such
as transcription, translation, and cell cycle progression ['"'2,

Antioxidant defences are built in a complex network
of nonenzymatic and enzymatic components of the
cell 1331 Enzymatic antioxidants include SOD, catalase,
peroxiredoxin, and glutathione peroxidase (GPx) !¢,
Superoxide radicals formed on both sides of mitochondrial
inner membranes are efficiently detoxified initially to
hydrogen peroxide and then to water by Cu, Zn-SOD
(SODT, localised in the intermembrane space) and Mn-
SOD (SOD2, localised in the matrix) ['7-19.,

Many conditions activating NF-kB are known to induce
oxidative stress. In other words, these conditions increase
the production of reactive oxygen species (ROS) such as
superoxide (SOD), H,0, and secondary reactive compounds.
The reduction of SOD activity in neoplastic and transformed
cells is regulated at the transcriptional level including
NF-kB. Several studies have also shown different anti-
oxidants inhibition of NF-kB in response to phosphorylation
mechanism 2%,

The aim of our study that cancer cells show upregulation
SOD, under stress condition. We expect here to identify
the ROS products and to gain more direct evidence for

an involvement of ROS as messengers, also investigate
whether changes in levels of enzymes that control
intracellular ROS levels affect the activation of NF-kB.

MATERIAL and METHODS

Cell Experimental Procedures

Human cervical cancer (HelLa), human embryonic kidney
cell (HEK293), human colorectal carcinoma (HCT116), human
breast cancer (MVDA-MB-231) cells were purchased from
Dr. Brown lab (Shands cancer center FL/US) and cultured in
100 mm dish in DMEM (Invitrogen Co. USA) supplemented
with 10% fetal bovine serum, 1% penicillin/streptomycin
(10.000 U/mL) at 37°C in constant atmosphere of 5% CO, in
humidified air. All experiments were performed between
passages 4 and 6.

Cell Treatments

Cells were grouped by several experimental applications.
The plates were incubated for 24-48 h to allow complete
70-80% reattachment of the cells. Then detect subsequent
optimum concentration on agent by MTT assay 2", cells
were assigned to five groups and treated with 10 uM, 20
pM, 50 pM, 100 uM of MNNG (DNA damage agent) and
control group. On the other side, cells were treated with
15 uM, 30 uM, 60 uM, 150 uM of tempol (antioxidant
agent) and control group during 24 h, 48 hrs and 72 h.
The absorbance of the plates was measured on ELISA
microplate reader (Benchmark, BioRad) at a wavelength
of 540 nm. After measurement, cell proliferation were also
evaluated using inverted microscopy and then treated
20 uM MNNG for indicated time points of 48 h and 30
MM tempol for 7 days 22,

Western Blotting

Cells were washed with cold phosphate buffered saline
(PBS) after treatment and lysed with RIPA buffer which
contains 150 mM NaCl, 1% NP-40, 0.1% SDS, 50 mM Tris.
Then the cell suspension transferred into a precooled
microfuge tube, incubated on ice at 10 min and centrifuged
for 10 min at 4°C. The protein concentration of each
sample were determined using BCA protein assay and
bovine serum albumin (BSA, Roche applied science) was
used as a protein standard. Equal amounts of protein were
separated by 12.5% SDS-PAGE for SOD2. Then transferred
electrophoretically onto nitrocellulose membranes 123,

Clarified membranes were blocked with 5% skim milk
in TBS at room temperature for 1 h, the following stage
subsequently incubation with primary antibodies dilutions
anti-SOD2 (1:1000, Sigma) at a predetermined optimal
concentration for 2-4 h at room temperature or overnight
at 4°C. Membranes washed 3 times with rinsing buffer.
Afterwards they incubated in proper secondary ab (rabbit)
solution during 1 h at room temperature.
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After three washes with TBS, the resulting immuno-
complexes were visualized by enhanced chemiluminescence
(Supersignal west pico, Fisher, USA) and exposed to X-ray
film (Fuji medical X-ray film, Tokyo, Japan). Differences in
protein loading were monitored by reprobing stripped
membranes with anti-f Tubulin antibodies 1%

Luciferase Reporter Assay

To specify NF-kB activity by Luciferase assay in addition
to protein expression experiments, cells were seeded in to
12 well plates at a density of 2x10* cells per well with 2 mL of
FBS+DMEM and incubated for 24 h before the transfection
study. NF-kB was constructed within the lentiviral plasmid
vector (pLKO,1.9kb) followed by transformation into
Escherichia coli. From consisting several colonies, picked
most of them for mini-preparation of the plasmids. Then
digested with restriction enzyme (EcoRl) to check for
orientation of insertion. Digested plasmid was run with
the uncut version and a DNA marker on an agarose gel
to determine the size of plasmid. Furthermore, NF-kB
concentration (266.9 ng) was measured from vector E. coli
plasmid DNA by spectrophotometric method. Briefly,
MDA-MB-231, Hela, HEK293, HCT116 were 70% confluence
transiently transfected in 12 well plates by turbofect
reagent (Fisher, USA) in a 1 mL medium containing 2.0 ug
NF-kB promoter with the control plasmid DNA (reference
DNA, 171.29 ng). Between experimental group (NF-
kB) concentration and control group (reference DNA)
concentration should be 1:20 ratio in each well of total
volume. Transfections were performed in triplicate. NF-
kB transfected cells were either left untreated or treated
with 20 uM MNNG, 30 uM tempol. Twenty four hours after
treatment, the conditioned medium was removed and
lysed with dual luciferase lysis buffer for 15 min.

After 48 h of transfection, cells were collected to measure
NF-kB enzymatic activity using luciferase expression in
the clones appeared to be constitutive. Adding luciferase
detection reagent for 5 min to measure firefly activity.
Additionally cells were incubated with second reagent
during 5 min for renilla determination. According to luciferase
assay protocol, analysis of luciferase activity driven by
the synthetic along NF-kB dependent reporter using an
automated bioluminescence reader °,

Statistical Analysis

We analyzed all of the data using the graphpad prism
5 statistical programs, then evaluated the statistical
significance using group comparable Tukey test ¢, We
considered that our results P<0.05 to be statistically
significant.

RESULTS

To delineate the possible mechanism by which SOD2
mediates NF-kB activation, we studied the protein change

effect of SODs under stress and normal conditions. The
activation of SOD2 by treatment with MNNG induced
activation of NF-kB, in another experiment, we examined
the effect of specific inhibitor antioxidant (tempol) on
SOD2 production which in turn inhibits NF-kB transcription
factor (Fig. 1).

Our results shown that the most common cancer cells
have increased expression of SOD2 protein level while
treating with DNA damage agent correlated well with
a parallel increase in the enzymatic activity. Next, we
determined the influence of decreased SOD2 expression
during tempol treatment (Fig. 2, Fig. 3). Time course and
dose response studies using cells revealed that treatment
with 30 uM tempol for 10 days is optimal for suppressing
stress-related protein levels. We observed high constitutive
NF-kB activation by using 20 uM MNNG (DNA damage
agent) while optimal period although decreasing activity
of NF-kB during 30 uM tempol (antioxidant) treatment (Fig.
4). The results obtain as a strong correlation between SOD2
repression and NF-kB inhibition which is given in (Fig. 5).

Moreover, western blot analysis revealed for different
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Fig 1. MTT test on MDA-MB 231 cells to detect optimal tempol
concentration

Sekil 1. Optimal tempol konsantrasyonun MDA-MB 231 hiicrelerinde
MTT testi ile belirlenmesi
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Fig 2. Different concentration of tempol effect on MDA-MB 231 cell
with indicated time point

Sekil 2. Degisik zaman araliklarinda uygulanan farkli konsantrasyon-
lardaki tempol’'iin MDA-MB 231 hiicreleri Gzerine etkileri
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Fig 3. MNNG application on MDA-MB-231 cells to detect optimal
concentration

Sekil 3. MDA-MB-231 hiicrelerinde uygun MNNG konsantrasyonunun
belirlenmesi
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Fig 4. Cell morphology varying on antioxidant applications (30 uM
tempol-48 h)

Sekil 4. Antioksidan uygulama kosullarinda hiicre morfolojisinin
gosterilmesi (30 UM tempol- 48 saat)
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Fig 5. NF-kB transcription factor activity on different cancer cells
(average fold for MDA-MB 231 cells while treat with MNNG have
shown 1.7390+0.0877; for HCT116 cell 1.3111+0.0863; for HEK293 cell
1.6219+0.0845; for Hela cell 2.0013+0.1439)

Sekil 5. Farkli kanser tlrlerinde NF-kB transkripsiyon faktor aktiviteleri
(MNNG uygulanan MDA-MB 231 hiicrelerinde ortalama deger gosterimi
1.7390+0.0877; HCT116 hucreleri icin 1.3111+£0.0863; HEK293 icin
1.6219+0.0845; Hela icin 2.0013+0.1439)
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Fig 6. SOD2 expression of different cancer cell line under oxidative
stress condition

Sekil 6. Oksidatif stres kosullarindaki farkli kanser tirlerinde SOD2
protein ekspresyonlari
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Fig 7. SOD2 expression of different cancer cell lines during antioxidant
treatment

Sekil 7. Antioksidant uygulanan farkl kanser tirlerinde SOD2 protein
ekspresyonlari

cancer cell lines have high basal levels of SOD2 protein
expression. It is reasonable evidence that under oxidative
stress condition, cells activate NF-kB loop and acting
upregulation of SOD2 proteins (Fig. 6, Fig. 7).

DISCUSSION

Our aim supports the ROS induced oxidative stress is
involved in multistage process of carcinogenesis by genetic
and epigenetic mechanisms 2728, Qur study shows that
when different type of cells treated by DNA damage agent,
they all response to upregulation of oxidant related proteins.

The opposite affect for antioxidant treatment, we see
downregulation that proteins. Evidence of our result, we
detect NF-kB activity of different cancer types. The homeo-
stasis mechanism for controlling ROS levels presented
here is controlled by signalling pathways that can provide
both negative and positive inputs on NF-kB 2939, Also
have shown morphology and consistency on cells under
different conditions.

Many cancer cells and cell lines have constitutive NF-
kB activation, which enables malignant cells to escape
apoptosis B, In contrast, activation of NF-kB in normal
cells is transient, which prevents abnormal cell growth and
survival B2,

Other studies show previously that, irrespective of
their source or type, cancer cells selected for resistance
to antioxidants exhibit high levels of SOD2 expression.
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The data presented here suggest that SOD2 expression
contributes to the development of antioxidant and metastatic
phenotypes by inducing constitutive activation of NF-kB 3.

Recent research indicates that cells within a field
defect characteristically have an increased frequency of
epigenetic alterations and these may be fundamentally
important as underlying factors in progression to cancer.
Inherited germ line mutations in DNA repair genes similarly
cause an increase in DNA damages due to a deficiency
in repair capability, and these also cause increases in
cancer risk. At least 34 inherited human DNA repair gene
mutations increase cancer risk, including, for example,
germ line mutations in the BRCA1, XPCand MLH1 genes 5%,

Controlling the cellular redox state is highly complex
process governed by cellular factors and systems 35361,
Oxidant signal, chronic inflammation, and cancer are
closely linked. Antioxidants will be more useful for
regulated oncogenesis and understanding pathway in
future cancer research &7,
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Summary

Mammary tumours are the most common neoplasms in intact female dogs. Dysregulation of programmed cell death mechanisms plays
an important role in the pathogenesis and progression of mammary gland tumours. The aim of this study was to investigate the relationship
between some anti-apoptotic proteins (Bcl-2, Bcl-X, and Bax), apoptotic index (Al) and histopathological diagnosis, tumour grading, tumour
staging and survival time of canine mammary tumours (CMT). Twenty seven tissue samples were collected from twenty seven animals with
mammary tumours. The samples were evaluated and graded histopathologically. All cases were staged according to the TNM system. The
expression of Bcl-2, Bcl-X, and Bax proteins was investigated using indirect immunoperoxidase test and apoptosis was evaluated using terminal
deoxynucleotidyltransferase (TdT)-mediated nick end-labelling (TUNEL) technique. Follow-up examination and survival estimation analysis
were performed. While there was a significant statistical relation between Bcl-2 expression and histopathological diagnosis (P<0.005), there was
no considerable association between histopathological diagnosis and Bax, Bcl-X; and Al (P>0.05). The differences between T1 and T5, T2 and T5
stages were statistically significant in terms of Bax expression (P<0.05), and Bax expressions were higher in T5 when compared with T1 or T2. No
association between survival time and Bcl-2, Bax, Bcl-X, and Al was determined (P>0.05). Bcl-2 was overexpressed in highly malignant tumours
such as solid and tubulopapillary adenocarcinomas and Bax had high expression levels in metastatic tumours. As a result, it is concluded that
Bcl-2 and Bax expression can be accessory parameters for anticipating the biologic behaviour and prognosis of CMT but these markers alone are
not sufficient for the determination of survival time.

Keywords: Canine mammary tumour, Apoptosis, Bcl-2, Bcl-X,, Bax, Inmunohistochemistry, TUNEL

Kopek Meme Tiimérlerinde Bcl-2, Bcl-X, ve Bax Sunulumu ile
Apoptotik indeksin Degerlendirilmesi

Ozet

Meme timorleri intakt disi kdpeklerin en sik karsilasilan timérleridir. Programli hiicre 61im mekanizmalarinda meydana gelen diizensizlikler
meme bezi timorlerinin patogenezis ve progresyonunda énemli bir rol oynamaktadir. Bu ¢alismanin amaci kopek meme tiimorlerinde (KMT)
bazi anti-apoptotik proteinler (Bcl-2, Bcl-X, and Bax) ve apoptotik indeksin (Al), histopatolojik tani, timor derecelendirmesi, timor evreleri
ve kalan yasam sireleri ile iligkisini ortaya koymaktir. Meme tiimérii olan yirmi yedi hayvandan yirmi yedi biyopsi érnegi toplandi. Ornekler
histopatolojik olarak incelendi ve derecelendirildi. Bitlin olgular TNM sistemine gore evrelendi. Bcl-2, Bcl-X; ve Bax proteinlerinin sunulumu
indirect immunoperoksidaz testi ile ve apoptozis ise terminal deoksinikleotidiltransferaz (TdT)-aracili nick end-labelling (TUNEL) teknigi ile
incelendi. Hasta takibi ve hayatta kalma slresi tahmini analizleri gerceklestirildi. Bcl-2 sunulumu ve histopatolojik tani arasinda énemli bir
istatistiksel iliski belirlenirken (P<0.005), histopatolojik tani ile Bax, Bcl-X, ve Al arasinda dikkate deger bir iliski saptanmadi (P>0.05). Bax
sunulumu acisindan T1 ve T5ile T2 ve T5 evreleri arasinda 6nemli istatistiksel farkliliklar belirlendi (P<0.05) ve T1 veya T2 ile karsilastirildiginda
Bax sunulumu T5'te daha yuksekti. Hayatta kalma siresi ile Bcl-2, Bax, Bcl-X; sunulumlari ve Al arasinda hicbir iliski saptanmadi (P>0.05).
Bcl-2'nin solid ve tubulopapiller adenokarsinomalar gibi malignitesi yliksek tiimérlerde asiri diizeylerde sunuldugu ve Bax'in metastazik
timorlerde sunulumunun yiiksek oldugu belirlendi. Sonug olarak, Bcl-2 ve Bax sunulumlari KMT'nin biyolojik davranis ve prognozlarini
tahmin etmede yardimci parametreler olabilecegi fakat bu belirteclerin tek baslarina hayatta kalma siiresinin belirlenmesi icin yeterli
olmadigina karar verildi.

Anabhtar sézciikler: Kspek, Meme tiimérii, Apoptozis, Bcl-2, Bcl-X,, Bax, immunohistokimya, TUNEL
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INTRODUCTION

Mammary tumours are the most common type of
tumours in intact female dogs and they constitute about
50% (40-50% of which are malignant) of all neoplastic
cases "3l The pathogenic mechanisms behind the
development and progress of canine mammary tumours
(CMT) have not been completely clarified yet “.. The
evaluation of malignancy potential and prognosis is
important for the treatment of CMT. Nevertheless the
histopathological diagnosis, which is accepted as the
best way for the classification of CMT, sometimes can
be insufficient for the definition of prognosis because of
tumours’ complicated histological types and their different
biological behaviours "¢, Thereby, in recent years the
interest on novel markers such as growth and proliferation
factors and apoptosis related genes and proteins is
increasing in order to make more reliable diagnosis and to
estimate of prognosis and biological behaviours of CMT.

Apoptosis plays a key role in the development of
mammary gland. In an healthy mammary gland, cell
proliferation and apoptosis are in balance. Besides, there
is strong evidence that tumour growth is not only related
with uncontrolled cell proliferation but also inhibition
of apoptosis 7. It has been reported that the high rate
of apoptosis in human breast cancer is associated with a
poor prognosis and more apoptosis is seen in tumours of
high grade ®', But, the significance of apoptosis in the
evaluation of CMT has not been presented sufficiently yet.

The Bcl-2 family of cytoplasmic proteins plays an
important role in the process of apoptosis. Bcl-2 itself is a
potent cell survival agent with significant anti-apoptotic
activity. Members of Bcl-2 protein family can either
promote (Bax, Bid, Bcl-Xs) or supress (Bcl-2, Bcl-X,) apoptosis
in a number of cellular systems 23, In CMT, Yang et al.™
reported that the levels of cell proliferation and apoptosis did
not appear to be correlated with the expression of Bcl-2
and Bcl-2 expression were slightly greater in benign CMTs
than in their malignant counterparts. There are data stating
that while expression of Bcl-2 and Bcl-X, were increased,
expression of Bax was significantly lower in both human
breast cancer and CMT tissues compared to corresponding
adjacent tissue ™. Although apoptosis-associated proteins
were extensively studied in human breast cancer, there are
few studies on CMT. The current study is aimed to evaluate
the expression of Bcl-2, Bcl-X,, Bax, apoptotic index (Al)
in different histological types of CMT and statistically
investigate their association with tumour grade, tumour
stage and survival time.

MATERIAL and METHODS

Twenty-seven cases of CMT routinely submitted to
the Dept. of Pathology of the Faculty of Veterinary Med.,
Istanbul University, were included in the study. Clinical data

for investigated dogs are given in Table 1. Tumour tissues
selected for the study were all located in inguinal lobes.
Along with the tumour tissues their associated superficial
inguinal lymph nodes were fixed with 10% of neutral
buffered formalin, processed by routine methods, and
embedded in paraffin. All microscopic evaluations were
recorded independently by two pathologists.

Histopathological Evaluation

From paraffin blocks, 5 um-thick sections were cut and
stained by haematoxylin and eosin (H&E) and examined
under light microscope. Histologic classification and tumour
grading were performed based on the protocol proposed
by Goldschmidt et al.l'®.

Tumour Staging

For staging; tumour’s diameter was measured, the
presence of tumoural cells in associated lymph nodes was
evaluated and animals were checked for distant metastasis
by thoracal and abdominal radiography. Canine mammary
tumours were staged according to the TNM system, which
was recommended by Owen ' tumour dimension (T),
regional lymph node status (N), distant metastasis (M).

Follow-up

To monitor survival time, the owners of the animals
were contacted 2 years later. If an animal was ex, date of
its death were recorded. Because the owners of animals
did not allow necropsy causes of death could not be
established properly. Overall survival was defined as the
time from surgery to death due to any cause.

Determination of Fragmented DNA in situ

In histopathological evaluation of tumour material
Apoptotic Index (Al) is used as a measure of the extent
of apoptosis. Generally it is defined as a percentage of
apoptotic cells and bodies in all tumour cell population "8,
To present the apoptotic cells the fracture in DNA were
labelled using Terminal deoxynucleotidyltransferase (TdT)-
mediated nick end-labelling (TUNEL) technique in paraffin
sections, following the procedure of applied kit (Apop Tag®
Peroxidase In Situ Apoptosis Detection Kit, EMD Millipore).
Sections were treated with 20 pg/ml of Proteinase K (EC
3.4.21.64, Dako Inc.) for 10 min after deparaffinization
and rehydration. Later they were treated with 3% H,0, in
methanol for 5 min, TUNEL mixture for 1 h (in 37°C) and,
subsequently, in Anti-Digoxigenin-Peroxidase for 30 min.
Then 2% solution of diamino benzidin (DAB) was applied
to the sections and counterstained with methyl green. By
microscopic evaluation Al was detected in each section. For
this purpose, in each case, TUNEL-positive cells and total cells
were counted in 10 random areas, under 40x magnification
objective. Al was calculated by the formula: 100x (mean
number of TUNEL positive cells in 10 random fields)/(mean
number of total cells in 10 random fields) .
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Table 1. Histopathological diagnosis and grade, clinical stage, survival (in a 2-year follow-up), Bcl-2, Bax, Bcl-X, expressions and apoptotic index of 27

malignant canine mammary tumours

Tablo 1. Yirmiyedi malign k6pek meme tiimériinde histopatolojik tani ve derece, klinik evre, hayatta kalma siiresi (2 yillik takip), Bcl-2, Bax, Bcl-X, sunulumlari

ve apoptotik indeks

Dog Diagnosis Histological Clinical Stage Aie Survival Bcl-2 Bax | BelX, Ar.!optotic
no. Grade T Nt Mttt TNM (day) index
1 Complex Adc 2 2 0 0 2 15 750 + ++ ++ 1
2 Complex Adc 2 2 0 0 2 10 750 3 A 4= 0.4
3 Complex Adc 3 3 1 0 4 11 240 + ++ + 0.1
4 Complex Adc 3 3 1 0 4 13 750 + ++ ++ 1
5 Complex Adc 2 1 0 0 1 8 750 + ++ +++ 2
6 Complex Adc 2 3 0 0 3 8 660 + ++ + 1.5
7 Complex Adc 3 2 0 0 2 13 710 + + + 4
8 Complex Adc 3 1 0 0 1 6 750 + ++ +++ 0.5
9 Complex Adc 3 1 0 0 1 10 750 ++ + + 1
10 Tubulopapillary Adc 3 1 0 0 1 1 750 ++ ++ ++ 1
1 Tubulopapillary Adc 3 2 1 1 5 10 189 + +++ ++ 0.4
12 Tubulopapillary Adc 2 1 0 0 1 13 750 +++ + -+ 0.1
13 Tubulopapillary Adc 3 2 1 1 5 12 362 + ++ ++ 1
14 Tubulopapillary Adc 2 1 0 0 1 10 750 +++ ++ ++ 0.4
15 Tubulopapillary Adc 2 1 0 0 1 11 750 ++ ++ +++
16 Tubulopapillary Adc 2 2 0 0 2 13 750 ++ ++ ++ 2
17 Solid Adc 3 3 1 1 5 10 1 +++ +++ +++ 1
18 Solid Adc 3 3 1 1 5 12 35 +++ ++ + 0.6
19 Solid Adc 3 2 0 0 2 14 370 A A dHEE 2
20 Solid Adc 3 1 0 1 5 10 495 +++ +++ ++ 1
21 Solid Adc 3 3 1 0 4 8 750 AR AR AR 0.5
22 Solid Adc 3 2 0 0 2 14 480 +++ + ++ 2
23 Solid Adc 3 1 1 1 5 8 170 SRR AR AR 3
24 Spindle Cell Car 3 3 0 1 5 15 750 + ++ + 0.2
25 Spindle Cell Car 3 1 0 0 1 9 290 +++ + +++ 3
26 Spindle Cell Car 3 3 1 1 5 15 215 ++ +++ ++ 0.5
27 Spindle Cell Car 3 3 1 1 5 12 58 ++ ++ ++ 5

* Tumour diameter, ** Reginonal lymhp node metastasis, ' Distant metastasis

Immunohistochemical Staining

Sections obtained from the tumoural tissues were
deparaffinized and rehydrated before treatment with
0.3% H,0, solution in methanol to block the endogenous
peroxidase activity at room temperature for 10 min. Then
they were subjected to antigen retrieval by incubation
with Citrate Buffer solution (10 mM Citric Acid, pH 6.0)
in a microwave oven (750 W) for 10 min. The sections
were washed three times with phosphate buffered
saline (PBS; pH 7.4, 0.1M) and incubated with protein
blocking agent (sc-2018, Santa Cruz Biotechnology Inc.)
for 10 min to block the nonspecific immunolabelling. Sub-
sequently in a humidity chamber, they were incubated
with polyclonal anti-Bcl-2 (sc-492), polyclonal anti-Bcl-
X, (sc-634) and polyclonal anti-Bax (sc-493) antibodies

(Santa Cruz Biotechnology Inc.) at a dilution of 1:300
(at room temperature for 90 min). After washing three
times with PBS, the slides were treated with secondary
antibody kit (sc-2018, Santa Cruz Biotechnology Inc.)
containing biotinylated secondary antibody and avidin-
peroxidase link (incubated at room temperature in each
solution for 25 min). Finally, the sections were treated with
3,3'-diaminobenzidine (DAB) according to manufacturer’s
protocol (sc-2018, Santa Cruz Biotechnology Inc.), washed
three times with PBS, counterstained with Mayer’s haema-
toxylin and coverslipped. For washings steps Tween 20 (0.5
ml/l) was added to the PBS buffer. Intensity of immuno-
labelling was assessed by examination of 10 representative
high-power fields (400x). Positive cells were indicated by
brown-coloured cytoplasm. A relative staining intensity
based on the proportion of immunolabelled cells was
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scored as follows: 0-5%; -, 5-19%; +, 20-59%; ++, =60%
+++. These scores were regarded as negative, mild,
moderate and high respectively ", Both in TUNEL and IHG;
for positive control, sections from a normal canine thymus
were used. For negative control, the primary antibody
was substituted with PBS.

Statistics

Kruskal-Wallis analysis was used to determine the
significance of tumour types, grades and stages on Bcl-
2, Bcl-X,, Bax expressions and Al. In case significance was
found with Kruskal-Wallis analysis, to determine the
difference between tumour types, grades and stages,
Mann-Whitney U analysis was used. Survival estimates for
all animals according to Bcl-2, Bcl-X, and Bax expressions,
Al were analyzed with Kaplan-Meier Test. All data were
analyzed with Statistical Package for Social Sciences (SPSS)
13.0 software. The level of significance was set to P<0.05.

RESULTS

The mean age of the dogs’ at the time of the surgery was
11.15+£2.44 (SE=0.47). There was no correlation between age
and histopathological diagnosis, tumour grade and stage
(P>0.05). Radiographically 9 of 27 dogs had pulmonary
foci which were accepted as metastasis. From these animals
4 had solid, 3 had spindle cell and 2 had tubulopapillary
adenocarcinomas. Considering histopathological diagnosis,
CMT were classified into 4 groups: complex (n=9) (Fig.
1A), tubulopapillary (n=7) (Fig. 1B), solid (n=7) (Fig. 1C)
and spindle cell carcinoma (n=4) (Fig. 1D). Regional lymph

Fig 1. A- Complex adenocarcinoma,
Bar=20 pm, H&E; B- Tubulopapillary
adenocarcinoma Bar=20 um, H&E;
C- Solid carcinoma, Bar=20 um,
H&E; D-Spindle cell carcinoma,
Bar=20 um, H&E

Sekil 1. A- Kompleks adenokar-
sinoma, Bar=20 pm, H&E; B- Tubulo-
papiller adenokarsinoma, Bar=20
um, H&E; C- Solid karsinoma,
Bar =20 um, H&E; D- Mekik hiicreli
karsinoma, Bar=20 pm, H&E

node metastases were detected in 10 of 27 cases. All
data regarding to animals, histopathological diagnosis,
grading, staging, survival time, Al, and apoptotic protein
expressions were given in Table 1.

When sections were evaluated microscopically, immuno-
positive labelling was observed in all tumour types with
anti-Bcl-2 (Fig. 2A), anti-Bcl-X, (Fig. 2B) and anti-Bax (Fig.
2C) antibodies. Bcl-2 expression was most densely in
solid carcinomas followed by tubulopapillary and spindle
cell carcinomas and was weak in complex carcinomas.
The Bax expression was weak in tumours which were
labelled strongly with anti-Bcl-2 antibody. Additionally, it
was detected that Bax expression was more intensive in
tumours with lymph node metastasis. The highest Al were
recorded in complex adenocarcinomas (Fig. 2D).

Statistical Findings

The mean value of Al was determined to be 1.82 with
ANOVA test. The tumours with Al values lower and equal to
this value were accept as “low” and higher then this value
were accepted as “high” (Al: low<1.82<high).

According to Kruskal Wallis Analysis, the statistical
relation between histopathological diagnosis and Bcl-2
expression was very significant (P=0.001). But, there was no
significant association between histopathological diagnosis
and Bax (P=0.082), Bcl-X, (P=0.339) and Al (P=0.851).

With Mann-Whitney U test, all tumour types were
compared with each other in terms of Bcl-2 expression.
There were statistically significant differences between all
tumour types (P<0.05), except tubulopapillary and spindle
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Fig 2. A- Anti-Bcl-2 antibody, high
immunopositive reaction (+++),
Bar=20 um; B- Anti-Bcl-X. antibody,
high immunopositive reaction (+++),
Bar=20 um; C- Anti-Bax antibody,
high immunopositive reaction (+++),
Bar=50 pm; D- TUNEL-positive
apoptotic cells (arrows), Bar=20 um

Sekil 2. A- Anti-Bcl-2 antikoru,
kuvvetli immunopozitif reaksiyon
(+++), Bar=20 pm; B- Anti-Bcl-X,
antikoru, kuvvetli immunopozitif
reaksiyon (+++), Bar=20 pm; C- Anti-
Bax antikoru, kuvvetli immuno-
pozitif reaksiyon (+++), Bar=50 um;
D- TUNEL-pozitif apoptotik hiicreler
(oklar), Bar=20 pm

Fig 3. Kaplan-Meier curve of survival time for dogs with
mammary tumours based on histopathological diagnosis

(n=27). The first (blue) line indicates dogs with complex
adenocarcinomas (n=9, mean survival time 678 days; range,
240-750 days), the second (green) line indicates dogs with
tubulopapillary adenocarcinomas (n=7, mean survival time
614 days; range, 189-750 days), the third (yellow) line indicates
dogs with solid carcinomas (n=7, mean survival time 328
days; range, 1-750 days) and the forth (purple) line indicates
dogs with spindle cell carcinomas (n=4, mean survival time
328 days; range, 58-750 days)

084

0,6

Sekil 3. Meme tiimorli kdpeklerin histopatolojik teshislerine
gore Kaplan-Meier hayatta kalma sureleri egrileri (n=27).
Birinci ¢izgi (mavi) kompleks adenokarsinomali képekleri
(n=9, ortalama hayatta kalma siresi 678 glin; aralik, 240-
750 guin), ikinci ¢izgi (yesil) tubulopapiller adenokarsinomali
képekleri (n=7, ortalama hayatta kalma siiresi 614 giin; aralik,
189-750 glin), Uclinci cizgi (sar1) solid karsinomali kopekleri
(n=7, ortalama hayatta kalma siresi 328 gin; aralik, 1-750
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guin) ve dordiinct cizgi (mor) mekik hicreli karsinomal
kopekleri (n=4, ortalama hayatta kalma siiresi 328 giin; aralik,
58-750 giin) gostermektedir
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cell carcinomas (P>0.05).

In Kruskal Wallis Analysis, when the grouping variable
was tumour grade, there was no important association
between groups. But when the grouping variable was
TNM in Kruskal Wallis Analysis, there was significance
only with Bax expression (P=0.045). There was statistically
significant differences between T1 and T5 (P=0.006), T2
and T5 (P=0.037) in terms of Bax expression through Mann-
Whitney U test. There were no other statistically significant
differences between other comparisons.

At the follow-up examination, 11 of the dogs were still
alive and they were clinically assessed as described. There

was no recurrence or distant metastasis in those animals.
The shortest survival time periods were in spindle cell
carcinoma and solid carcinoma groups (Fig. 3), where 7 of
11 dogs had distant metastasis and higher percentages of
Bax expression. The survival curves of histomorphologic
groups which were tested daily, significant differences
were found between complex and solid adenocarcinomas
(P=0.01), complex and spindle cell adenocarcinomas
(P=0.02), spindle cell and tubulopapillary adenocarcinomas
(P=0.035) by means of Kaplan-Meier Analysis. However,
when the survival curves of Bcl-2, Bcl-X, Bax and Al were
compared, no association was determined between survival
time and these parameters (P>0.05) (Fig. 4).
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Fig 4. A- Kaplan-Meier curve of survival time for dogs with mammary tumours based on Al (n=27). The first (blue) line indicates dogs with
low apoptotic index (n=17, mean survival time 515 days; range, 1-750 days), the second (green) line indicates dogs with high apoptotic
index (n=10, mean survival time 526 days; range, 35-750 days); B- Kaplan-Meier curve of survival time for dogs with mammary tumours
based on Bax expression (n=27). The first (blue) line indicates dogs with mild immunopositive reaction (+) (n=6, mean survival time 527
days; range, 35-750 days), the second (green) line indicates dogs with moderate immunopositive reaction (++) (=14, mean survival time
474 days; range, 1-750 days), the third (yellow) line indicates dogs with high immunopositive reaction (+++) (n=7, mean survival time 601
days; range, 362-750 days); C- Kaplan-Meier curve of survival time for dogs with mammary tumours based on Bcl-2 expression (n=27).
The first (blue) line indicates dogs with mild immunopositive reaction (+) (n=11, mean survival time 599 days; range, 1-750 days), the
second (green) line indicates dogs with moderate immunopositive reaction (++) (n=6, mean survival time 439 days; range, 58-750 days),
the third (yellow) line indicates dogs with high immunopositive reaction (+++) (n=10, mean survival time 479 days; range, 35-750 days);
D- Kaplan-Meier curve of survival time for dogs with mammary tumours based on Bcl-X expression (n=27). The first (blue) line indicates
dogs with mild immunopositive reaction (+) (n=6, mean survival time 425 days; range, 1-750 days), the second (green) line indicates dogs
with moderate immunopositive reaction (++) (n=19, mean survival time 546 days; range, 58-750 days), the third (yellow) line indicates dogs
with high immunopositive reaction (+++) (n=9, mean survival time 546 days; range, 35-750 days)

Sekil 4. A- Meme tlimorli kopeklerin Al'ne gore Kaplan-Meier hayatta kalma stireleri egrileri (n=27). Birinci ¢izgi (mavi) dusiik apoptotik
indeksli kdpekleri (n=17, ortalama hayatta kalma suresi 515 gtin; aralik, 1-750 giin), ikinci ¢izgi (yesil) yliksek apoptotik indeksli kopekleri
(n=10, ortalama hayatta kalma suresi 526 giin; aralik, 35-750 giin) gostermektedir; B- Meme timorli képeklerin Bax sunulumuna gore
Kaplan-Meier hayatta kalma sureleri egrileri (n=27). Birinci ¢izgi (mavi) hafif imnmunopozitif reaksiyonlu kdpekleri (+) (n=6, ortalama hayatta
kalma stiresi 527 guin; aralik, 35-750 giin), ikinci ¢izgi (yesil) orta immunopozitif reaksiyonlu kdpekleri (++) (n=14, ortalama hayatta kalma
stiresi 474 gun; aralik, 1-750 gun), Ugtincu cizgi (sari) kuvvetli immunopozitif reaksiyonlu képekleri (+++) (n=7, ortalama hayatta kalma
stiresi 601 giin; aralik, 362-750 giin) géstermektedir; C- Meme tiimorlu kopeklerin Bcl-2 sunulumuna gore Kaplan-Meier hayatta kalma
stireleri egrileri (n=27). Birinci ¢izgi (mavi) hafifimmunopozitif reaksiyonlu kopekleri (+) (n=1, ortalama hayatta kalma stresi 599 glin; aralik,
1-750 giin), ikinci ¢izgi (yesil) orta immunopozitif reaksiyonlu kopekleri (++) (n=6, ortalama hayatta kalma surresi 439 gin; aralik, 58-750
gun), tclinc cizgi (san) kuvvetli immunopozitif reaksiyonlu kopekleri (+++) (n=10, ortalama hayatta kalma stiresi 479 guin; aralik, 35-750
glin) géstermektedir; D- Meme timorli kdpeklerin Bcl-X, sunulumuna gdre Kaplan-Meier hayatta kalma siireleri egrileri (n=27). Birinci cizgi
(mavi) hafif immunopozitif reaksiyonlu kopekleri (+) (n=6, ortalama hayatta kalma suiresi 425 gtin; aralik, 1-750 guin), ikinci ¢izgi (yesil) orta
immunopozitif reaksiyonlu kopekleri (++) (n=19, ortalama hayatta kalma stiresi 546 guin; aralik, 58-750 giin), Gglinci cizgi (sar) kuvvetli
immunopozitif reaksiyonlu kopekleri (+++) (n=9, ortalama hayatta kalma stiresi 546 gun; aralik, 35-750 glin) gostermektedir

DISCUSSION

The imbalance between cell proliferation and apoptosis
is the basis of growth, progression and regression of
tumours. Disruption of apoptosis regulation can activate
carcinogenesis through different pathways. Apoptosis
also limits the tumour cell population at the early stages
of tumour development. Decrease in apoptosis may result
with cancer by uncontrolled expression of oncogenes or
accumulation of malignant cells due to tumour suppressor

genes 2%, But in some cases the accumulation of neo-
plastic cells is consistent with increased apoptosis ratio in
certain aggressive tumours like human bladder carcinoma 8.
In literature, yet there is little published data on the value
of apoptosis as a tool for diagnosis or prognosis in canine
tumours. A study by Guvenc et al?" stated that Al is a
useful marker for the differentiation of canine cutaneous
histiocytoma and transmissible venereal tumours. Dolka et
al” reported positive correlation between Al and tumour
size, histopathology, grade and proliferative activity. It has
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been reported that there is no significant correlation of
the survival time with the Al in malignant melanomas of
dogs and cats 3. Funakoshi et al®® reported that there are
no important relationships between Al value of mammary
gland tumours and clinical features like metastasis and
tumour diameter. In the current study no significant
association between Al and histopathological diagnosis,
grading and staging of the tumours, survival time were
detected. The finding of low degrees of apoptosis in
highly malignant tumours or increased apoptosis in some
malignant tumours diminished the value of apoptosis as a
prognostic tool. So we think that this inconstancy is related
to the levels of initiation, development and progression of
the cancers.

As Bcl-2 protein is a prosurvival factor which blocks
apoptosis one could anticipate that its overexpression
would be related with aggressive tumours 242, There
are data reporting that overexpression of Bcl-2 is related
with down-regulation of Bax and the interruption in the
progression of apoptosis is dependent to the imbalance of
Bcl-2/Bax, which plays a role in cancer development [>242],
It was reported that in some cancer types such as myeloid
leukaemia ! and cancers of prostate 28, cervix ' and
colon P expression of Bcl-2 is increased. But in previous
studies with human breast cancers, it was stated that Bcl-
2 expression is generally observed in benign proliferative
lesions and small, slowly progressing oestrogen-positive,
p53-negative tumours and was found to be related with
better prognosis "?3% Yang et al"¥ reported that, similarly
human breast cancers, Bcl-2 expression is higher in benign
CMT than in their malignant counterparts. Contradictory
results were reported for Bcl-2 expression in CMT.
Kumaraguruparan et al!'>?% stated that they have found
higher Bcl-2 expression in tumours than in normal mammary
glands. In another study performed in CMT it was reported
that no significant correspondence was found between
Bcl-2 expression and histology, grade and proliferative
activity of CMT 22, In the present study it was determined
that Bcl-2 expression significantly differs between histo-
pathological types of CMT (P<0.05). According to the
WHO classification; based on differentiation and the
biologic behaviour, simple carcinomas can be graded in
terms of increasing malignancy as tubulopapillary, solid
and anaplastic carcinoma ™ and the simple carcinomas
had worse prognosis then complex carcinoma "¢, In the
current study appropriately, Bcl-2 expression was highest
in solid carcinoma followed by tubulopapillary and spindle
cell carcinoma which is a special type mammary gland
tumour and was lowest in complex carcinoma. Some
researchers reported that by expressing anti-apoptotic
proteins like Bcl-2, tumour cells develop a mechanism to
avoid apoptotic death signals and gain resistance against
apoptosis B34, We concluded that this mechanism can be
considered to be the cause of overexpression of Bcl-2 in
highly cellular and malignant solid CMT.

In some studies reported in human and canine cancers,

the expression of Bax was found to be decreased in
malignant tumours when compared to normal tissues
and benign tumours '>?%, On the contrary in the present
study Bax expression was higher only in tumours in T5
stage (P<0.05). Although there is no sufficient data about
the pathogenetic meaning of overexpression of Bax in
metastatic tumours, it was reported that proapoptotic and
anti-apoptotic gene transcription increases significantly in
metastatic tumours B3, This finding can be explanatory for
both Bax and Bcl-2 results obtained.

There are some studies about the decreased expression
of proapoptotic Bcl-X, in canine tumours, but only one
article about its relationship with CMT. Kumaraguruparan
et al.™ reported that Bcl-X, expression decreases in CMT
compared with normal tissues. In the current study no
significant correlation between survival time, different
types, grades, stages of CMT and Bcl-X, expression were
determined.

The data obtained from the comparison of survival
times and histopathological diagnosis of CMT were
compatible with prognostic results of previous literature ',
Some studies on CMT showed that the tumour size,
regional lymph node involvement, distant metastasis and
histomorphologic characteristics are useful parameters
for clinical prognosis 35, In the present study, the
evaluation of statistical results obtained from comparison
between histopathological types, tumour grade and stage
showed that the conventional diagnostic methods such as
histological grading and TNM staging are reliable factors
in estimating the prognosis. This finding supports the
previously reported literature above mentioned.

The exact cause of death could not be determined for
dogs which died during the study since the owners did
not allowed for necropsy. In order to determine the most
reliable result for survival time, the disease-free interval or
death related to mammary cancer should be determined.
Within the bounds of possibilities we could not obtain
these data. Therefore we can conclude that to determine
the association of survival for the parameters we evaluate,
overall survival for any cause of death in dogs was not
sufficient. As there was not enough published data
about the relation of survival time and Bcl-2, Bcl-X;, Bax
expressions and Al, we couldn’t compare with our results
adequately.

Most of the studies presenting the relation between
CMT, Al and apoptotic proteins are generally about the
comparison of normal mammary gland tissue/benign
tumours and malignant tumours. In the present study the
relation between apoptotic proteins and the histologic
types, grade, stage of malignant mammary tumours and
survival time were evaluated. Therefore the current study
is one of the first studies on this subject. Because only
malignant tumours were evaluated in the current study,
the diversity between previous literature about apoptotic
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proteins and Al can also be explained with this difference.

In conclusion, Bcl-2 was overexpressed in highly
malignant tumours such as solid and tubulopapillary
adenocarcinomas and Bax had high expression levels in
metastatic tumours while they have no association with
tumour grade and survival time. Bcl-2 and Bax expression
can be accessory parameters for anticipating the biologic
behaviour and prognosis of CMT but these markers alone
are not sufficient for the determination of survival time. In
addition, Al and Bcl-X, were not sufficient as dependable
markers to estimate biologic behaviour and prognosis of
CMT with regard to our study’s result. Beside the results
will contribute to the limited literature about relation
between apoptotic proteins and CMT. But it is needed to
further investigations with much more sample and further
techniques.
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Summary

Objective of this study was to evaluate microsatellite markers in paternity testing of native cattle breeds in Turkey. Blood samples
were collected from Anatolian Black (n=51), Anatolian Grey (n=54), South Anatolian Red (n=51), Native Southern Anatolian Yellow
(n=51), East Anatolian Red (n=45) and Zavot (n = 19) cattle. From the blood samples DNA was isolated by using a standard phenol/
chloroform method. A total of 20 microsatellite loci were selected from a FAO/ISAG-suggested list. Polymerase chain reaction products
were separated by capillary electrophoresis and marker genotypes were determined by fragment analysis. In statistical analyses, allel
numbers, observed (Ho) and expected (He) heterozygosities, deviation from Hardy-Weinberg Equilibrium and probability of exclusion
(PE) at each microsatellite locus were calculated. A total of 269 different alleles were observed and the mean allele was identified as
13.45. Mean Ho and He values were observed as 0.619-0.852 and 0.669-0.877, respectively. The results indicated that the microsatellite
test panel including the most informative 7 loci had total PE value of >0.9999 in each populations and can thereby be used for
parentage testing studies of native cattle breeds in Turkey.

Keywords: Cattle, Microsatellite, Parentage testing, TURKHAYGEN-I

Tiirkiye Yerli S1gir Irklarinin Mikrosatellit Belirtecler ile Genetik

Karakterizasyonu: Kimliklendirme Calismalarinda Kullanilabilirligi

Ozet

Bu calismanin amaci, mikrosatellit belirteglerinin Turkiye yerli sigir irklarinin kimliklendirme calismalarinda kullanilabilirliginin
arastirilmasidir. Yerli Kara (n=51), Boz Irk (n=54), Gliney Anadolu Kirmizisi (n=51), Yerli Gliney Sarisi (n=51), Dogu Anadolu Kirmizisi (n=45)
ve Zavot (n=19) irki sigirlardan alinan kan 6rneklerinden standart fenol/kloroform yontemi ile DNA izolasyonu yapilmistir. Calismada
kullanilan 20 mikrosatellit lokusu FAO/ISAG tarafindan tavsiye edilen listeden secilmistir. Yiikseltgenen Polimeraz Zincir Reaksiyonu
urtinleri kapiller elektroforez ile ayristirilmis ve fragman analizi ile lokus genotipleri tespit edilmistir. istatistiksel analizlerde, toplam allel
sayisl, gozlenen (Ho) ve beklenen (He) heterezigotluk, Hardy-Weinberg Dengesine uygunluk ve dislama glict olasiligi parametreleri
hesaplanmistir. Toplam 269 allel g6zlenmis ve ortalama allel sayisi 13.45 olarak tespit edilmistir. Ortalama Ho ve He degerleri sirasiyla
0.619-0.852 ve 0.669-0.877 tespit edilmistir. Enformatif 7 lokusu iceren mikrosatellit panelinin toplam dislama giict olasiliginin tim
irklarda >0.9999 olacagi ve yerli sigir irklarinin kimliklendirme calismalarinda basariyla kullanilabilecegi tespit edilmistir.

Anabhtar sézciikler: Sigir, Mikrosatellit, Kimliklendirme, TURKHAYGEN-I

INTRODUCTION

Paternity testing is widely used in criminal cases, inbreeding levels in different population. While protein
biomedical researches, and in cases of determination of  polymorphism, blood antigens, and tissue proteins were
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previously used for this purpose, DNA-based different test
panels (RFLP, AFLP, RAPD, mtDNA etc.) were developed and
found to be more efficient. Comparing with other marker
systems, microsatellites [, exist widely in the genome,
have features of higher polymorphism and codominant
inheritance . Due to their high polymorphism and
technical ease including suitability for PCR technology and
capillary electrophoresis, microsatellites are widely preferred
in the paternity testing efforts of various mammalian
species B Correct determination of genetic relationships
among animal populations has critical importance for
development of selection programs B, generation of
pedigree structures ™, estimation of heritability ®¢, and
breeding values V.. Significantly higher rates of paternity
misidentification were reported even in the countries
where herd records are performed with great care 548,

Significant levels of incorrect paternity (2.90-15%)
were reported in analyses made with marker systems %11,
Moreover, misidentification rates were reported to be
higher in females ©'. Paternity misidentification was
determined to cause serious deviations (5-50%) in the
estimation of genetic parameters and reduction of genetic
gain in selection programs "2, It was reported that more
than 20% of paternity misidentification cases were caused
by artificial insemination of more than one bull &' and it
can be reduced to 8% by using a quality control system
which results in an increase of 1% in genetic progress ',
It is well known that herd improvement can be performed
to have extra profits by accurate estimation of parent
identification ®. In addition, even though the possibility
of paternity identification for the estimation of breeding
value is desired, there is still need for more cost-effective
tests in commercial mean 7.,

Modern dairy and beef industry focus on using a
number of highly productive cattle breeds. On the other
hand, local breeds are often accepted as uneconimal and
certain biotechnologycal applications can not be used
because of costliness. There is an increasing demand for
paternity testing in breeding programs of native animal
breeds. Due to population properties, special paternity
testing panels are needed for some native cattle breeds
in which certain loci can be uninformative. Also, an
informative test panel including the lowest possible
number of the most informative loci can offer economical
and pratical paternity testing possibilities. Objective of
this study was the evaluation of microsatellite markers
in paternity testing in native cattle breeds in Turkey as
part of a national project titled “In vitro Conservation
and Preliminary Molecular Identification of Some Turkish
Domestic Animal Genetic Resources-1 (TURKHAYGEN-I)".

MATERIAL and METHODS

A total of 271 blood samples were collected from South
Anatolian Red (SAR, n = 51), Native Southern Anatolian

Yellow (SAY, n = 51), Anatolian Black (AB, n = 51), Anatolian
Grey (AG, n = 54), East Anatolian Red (EAR, n = 45) and Zavot
(ZAV, n = 19) cattle. Genomic DNA samples were extracted
by using a standard organic phenol/chloroform method 3.,
A total of 20 microsatelllite loci (Table 1) were selected
from a list " suggested by FAO MoDAD and International
Society of Animal Genetics (ISAG).

Microsatellite genotyping procedures were described
elsewhere [, Briefly each multiplex PCR was performed in
15 pl reaction volume including 1x Mg** free PCR buffer
(Fermentas), 0.125 mM dNTPs (Fermentas), 1.5 mM MgClI*,
0.375 U of Tag polymerase (Fermentas), 2 - 17 pMol each
primer and ~100 ng of genomic DNA.

A touchdown-PCR profile " was used with two steps.
The first step was initial denaturation at 95°C for 4 min,
followed by 16 cycles of denaturation at 94°C for 30 sec,
annealing beginning at 60°C and ending at 52°C for
30 sec and extension at 72°C for 30 sec. The annealing
temperature was decreased 0.5°C per cycle until it reached
52°C. At the second step, 25 cycles of 94°C for 30 sec,
52°C for 30 sec and 72°C for 30 sec was applied. The final
extension of 72°C for 10 min was applied in all reactions.
The resulting PCR products were denaturated in Hi-Di-
formamide including S-400 DNA size standart and loaded
onto a Beckman Coulter CEQ-8000 Genetic Analysis System
for capillary electrophoresis. Genotypes were determined
by fragment analysis using CEQ-8000 FragTest program.
General population parameters including allele number
(Na), expected (He) and observed (Ho) heterozigosities,
deviation from Hardy-Weinberg Equilibrium (HWE) and
probability of exclusion for each locus (PE-1=Both parents
known and PE-2=Only one parent known) were calculated
using GenAlEx6 ' package program.

RESULTS

In this study, 20 microsatellite loci were separated
by capillary electrophoresis and allele genotypes in
each marker locus were determined by fragment analysis.
Three different multiplex pool systems were formed
including 7 (CSSM66, ETHO03, HEL9, CSRM60, INRA023,
SPS115, ILSTS006), 7 (INRA0O5, HAUT27, TGLA122,
TGLA126, TGLA227, BM1824, HEL13) and 6 (BM2113,
TGLA53, ETH225, ETH10, ETH185, BM1818) loci.

Observed allele numbers (Na), expected (He) and
observed (Ho) heterozygoties deviations from Hardy-
Weinberg Equilibrium (HWE) were summarized in Table
2 and 3. In this study, a total of 269 different alleles
were detected. The mean allele number was 13.45. The
maximum and minimum numbers of total alleles were
observed in TGLA122 (26 alleles) and INRAOO5 (7 alleles),
respectively. The highest average observed (Ho) and
expected (He) heterozygosity values were determined
as 0.619-0.852 and 0.669-0.877, respectively. HWE's were
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Table 1. Microsatellite loci used in the study

Tablo 1. Kullanilan mikrosatellit markor listesi

No Locus Chromosome Primer Allele
GAGCAAGGTGTTTTTCCAATC

1 BM1824 1 170-218
CATTCTCCAACTGCTTCCTTG
GCTGCCTTCTACCAAATACCC

2 BM2113 2 116-146
CTTAGACAACAGGGGTTTGG
GAGTAGAGCTACAAGATAAACTTC

3 INRA023 3 193-235
TAACTACAGGGTGTTAGATGAACTCA
GTTCAGGACTGGCCCTGCTAACA

4 ETH10 5 198-234
CCTCCAGCCCACTTTCTCTTCTC
TGTCTGTATTTCTGCTGTGG

5 ILSTS006 7 277-309
ACACGGAAGCGATCTAAACG
CCCATTCAGTCTTCAGAGGT

6 HEL9 8 141-173
CACATCCATGTTCTCACCAC
GATCACCTTGCCACTATTTCCT

7 ETH225 9 135-165
ACATGACAGCCAGCTGCTACT
AAGATGTGATCCAAGAGAGAGGCA

8 CSRM60 10 79-115
AGGACCAGATCGTGAAAGGCATAG
TAAGGACTTGAGATAAGGAG

9 HEL13 11 178-200
CCATCTACCTCCATCTTAAC
CAATCTGCATGAAGTATAAATAT

10 INRAOO5 12 135-149
CTTCAGGCATACCCTACACC
ACACAAATCCTTTCTGCCAGCTGA

11 CSSM66 14 171-209
AATTTAATGCACTGAGGAGCTTGG
AAAGTGACACAACAGCTTCTCCAG

12 SPS115 15 235-265
AACGAGTGTCCTAGTTTGGCTGTG
GCTTTCAGAAATAGTTTGCATTCA

13 TGLA53 16 143-191
ATCTTCACATGATATTACAGCAGA
TGCATGGACAGAGCAGCCTGGC

14 ETH185 17 214-246
GCACCCCAACGAAAGCTCCCAG
CGAATTCCAAATCTGTTAATTTGCT

15 TGLA227 18 64-115
ACAGACAGAAACTCAATGAAAGCA
GAACCTGCCTCTCCTGCATTGG

16 ETHO3 19 90-135
ACTCTGCCTGTGGCCAAGTAGG
CTAATTTAGAATGAGAGAGGCTTCT

17 TGLA126 20 104-131
TTGGTCTCTATTCTCTGAATATTCC
CCCTCCTCCAGGTAAATCAGC

18 TGLA122 21 134-193
AATCACATGGCAAATAAGTACATAC
AGCTGGGAATATAACCAAAGG

19 BM1818 23 248-278
AGTGCTTTCAAGGTCCATGC
TTTTATGTTCATTTTTTGACTGG

20 HAUT27 26 120-158
AACTGCTGAAATCTCCATCTTA

found to be insignificant mostly in ZAV (17 loci) and at
least in AG (10 loci). Some loci were significantly deviated
from HWE.

Power of exclusion values were calculated in the
presence of one parent (PE-2) and two parents (PE-1) (Table

4). PE-2 values varied between 0.328 (INRA00O5, TGLA126
and BM1824) and 0.806 (TGLA122). The lowest PE-1 value
(0.504) was observed in SAY and ZAV populations in
INRAOO5, TGLA126 and BM1824, the highest PE-1 value
(0.893) was determined in SAR and AB populations for
TGLA122 locus. The highest and the lowest average
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Table 2. The number of alleles
Tablo 2. Populasyonlarda gézlenen allel sayilari

Populations
Locus M Total
SAR AB AG SAY EAR ZAV
CSSM66 13 13 12 13 13 9 12.17 14
CSRM60 10 13 1 12 7 6 9.83 15
ETHO3 10 11 10 11 10 11 10.50 14
INRA023 13 10 10 11 10 9 10.50 14
HEL9 11 12 12 14 11 10 11.67 16
ILSTS006 11 11 10 9 8 5 9.00 13
SPS115 9 10 8 9 8 6 8.33 10
ETH185 12 12 12 13 10 9 11.33 17
BM1818 8 10 10 11 8 7 9.00 13
ETH225 13 11 8 9 10 10 10.17 13
ETH10 8 8 8 9 7 5 7.50 9
TGLA53 18 14 18 19 11 13 15.50 23
BM2113 10 9 9 12 8 9 9.50 13
INRA0OS5 5 6 6 4 6 4 5.17 7
HAUT27 8 9 9 8 9 7 833 10
TGLA122 19 19 15 17 16 12 16.33 26
TGLA126 6 8 8 9 8 4 7.17
TGLA227 12 12 13 13 11 11 12.00 16
BM1824 6 7 5 5 5 4 533
HEL13 8 7 7 8 6 5 6.83
Mean 10.50 10.60 10.05 10.80 9.10 7.80 9.81 13.45

Table 3. Observed (Ho) and expected (He) heterozygosity and Hardy-Weinberg Equilibrium (HWE)

Tablo 3. Gozlenen (Ho) ve beklenen (He) heterozigotluk ile Hardy-Weinberg Dengesi (HWE)

Mean HWE
Locus
Ho He SAR AB AG SAY EAR ZAV
CSSM66 0.822 0.856 ns ns Hxx ns ns ns
CSRM60 0.761 0.762 ns ns ** ns ns ns
ETH3 0.762 0.804 ns ns ns ns ns ns
INRA023 0.779 0.808 ns ns ns ns Hxx ns
HEL9 0.793 0.834 ns ns ns * ns ns
ILSTS006 0.673 0.755 * ns ns xR ns ns
SPS115 0.661 0.768 ** * FhE * ns **
ETH185 0.797 0.788 ns ns ** * o Fx
BM1818 0.767 0.771 ns ns HxE ns FxX ns
ETH225 0.742 0.814 Hx xR Hrx ns ** ns
ETH10 0.644 0.669 Hxx ns ns * ns ns
TGLA53 0.801 0.877 ** ** ** ** ns ns
BMS2113 0.806 0.840 * ns Hxx ns ns ns
INRAOOS 0.671 0.685 ns ns ns ns ns ns
HAUT27 0.619 0.734 ns * xrx Hrx *rx *
TGLA122 0.794 0.842 ns o ns ns * ns
TGLA126 0.750 0.759 ns ns ns ns ns ns
TGLA227 0.852 0.859 ns ns * *x ns ns
BM1824 0.719 0.711 ns ns ns ns ns ns
HEL13 0.728 0.788 ns ns ns ns ns ns

Ho: Observed, He: Expected Heterozygosity, HWE: Hardy-Weinberg Equilibrium, ns = non significant, * P<0.05, ** P<0.01, *** P<0.001
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Table 4. Probability of Exclusion for each locus (PE-1=both parents known and PE-2= only one parent known)

Tablo 4. Dislama Giiciiniin 1 (DG-1) ve 2 (DG-2) ebeveyn varliginda degerleri

Populations
Locus SAR AB AG SAY EAR ZAV
PE-2 PE-1 PE-2 PE-1 PE-2 PE-1 PE-2 PE-1 PE-2 PE-1 PE-2 PE-1
CSSM66 0.726 0.842 0.726 0.842 0.707 0.829 0.726 0.842 0.726 0.842 0.626 0.772
CSRM60 0.657 0.795 0.726 0.842 0.684 0.813 0.707 0.829 0.542 0.707 0.486 0.660
ETHO3 0.657 0.795 0.684 0.813 0.657 0.795 0.684 0.813 0.657 0.795 0.684 0.813
INRA0O23 0.726 0.842 0.657 0.795 0.657 0.795 0.684 0.813 0.657 0.795 0.626 0.772
HEL9 0.684 0.813 0.707 0.829 0.707 0.829 0.744 0.854 0.684 0.813 0.657 0.795
ILSTS006 0.684 0.813 0.684 0.813 0.657 0.795 0.626 0.772 0.588 0.743 0.416 0.595
SPS115 0.626 0.772 0.657 0.795 0.588 0.743 0.626 0.772 0.588 0.743 0.486 0.660
ETH185 0.707 0.829 0.707 0.829 0.707 0.829 0.726 0.842 0.657 0.795 0.626 0.772
BM1818 0.588 0.743 0.657 0.795 0.657 0.795 0.684 0.813 0.588 0.743 0.542 0.707
ETH225 0.726 0.842 0.684 0.813 0.588 0.743 0.626 0.772 0.657 0.795 0.657 0.795
ETH10 0.588 0.743 0.588 0.743 0.588 0.743 0.626 0.772 0.542 0.707 0.416 0.595
TGLA53 0.796 0.887 0.744 0.854 0.796 0.887 0.806 0.893 0.684 0.813 0.726 0.842
BM2113 0.657 0.795 0.626 0.772 0.626 0.772 0.707 0.829 0.588 0.743 0.626 0.772
INRAOO5 0.416 0.595 0.486 0.660 0.486 0.660 0.328 0.504 0.486 0.660 0.328 0.504
HAUT27 0.588 0.743 0.626 0.772 0.626 0.772 0.588 0.743 0.626 0.772 0.542 0.707
TGLA122 0.806 0.893 0.806 0.893 0.759 0.864 0.785 0.880 0.773 0.872 0.707 0.829
TGLA126 0.486 0.660 0.588 0.743 0.588 0.743 0.626 0.772 0.588 0.743 0.328 0.504
TGLA227 0.707 0.829 0.707 0.829 0.726 0.842 0.726 0.842 0.684 0.813 0.684 0.813
BM1824 0.486 0.660 0.542 0.707 0.416 0.595 0.416 0.595 0.416 0.595 0.328 0.504
HEL13 0.588 0.743 0.542 0.707 0.542 0.707 0.588 0.743 0.486 0.660 0.416 0.595
Mean 0.645 0.782 0.657 0.792 0.638 0.778 0.651 0.785 0.611 0.758 0.545 0.700
Total >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 >0.9999

PE-2 and PE-1 values were determined in ZAV and AB
populations. Total PE-2 and PE-1 values were calculated as
>0.999 for all populations using the most polymorphic 7
(CSSM66 + CSRM60 + ETHO3 + INRA023 + HEL9 + ILSTS006
+ SPS115) and 5 (CSSM66 + CSRM60 + ETHO3 + INRA023 +
HEL9) loci, respectively.

DISCUSSION

Of 20 microsatellites used in this study, 12 loci
were reported as the most commonly used for cattle
parentage testing "® and all loci were highly polymorphic.
Observed high polymorphisms suggest that these loci
are appropriate to be used in population genetic studies.
Obtained average allele number (13.45) was found to
be similar with the other studies of Turkish native cattle
breeds 2. The highest allele number at TGLA122 was
also observed in previous studies 2124,

Informativeness of a locus depends on the allele number.
For this purpose, the parameters including heterozygosity
(Ho) and probability of exclusion values were widely used
and estimated by distribution of allele frequencies in

populations. The Ho and He values of native cattle breeds
in Turkey were determined to be higher than that reported
for other breeds from different continents '9242¢, The
reason for the higher Na, Ho and He is thought to be the
number of samples used, the close localization of these
populations to the domestication region and high level
of genetic diversity ['>192027],

Probability of exclusion (PE) is a mathematical definition
of probability of excluding a random individual from
the population as a potential parent. The PE is accepted
as the most important criteria for genetic markers used
in parentage testing studies 8. In the present study,
adequate PE values (>0.999) were observed for all cattle
populations using 20 markers.

Different population genetic parameters and the
misidentification rate were investigated by using 9
different microsatellite markers for Gry cows located in
Brazil %, By using the same 7 ® and 11 markers B in this
study, PE values have been found to be 0.188-0.629 2% and
0.175-0.552 © for Gry and Yugoslav Pied cattle, respectively.
The total PE values were 0.979 ® and 0.996 .. The total PE
values were estimated for Holstein-Friesian, Brown Swiss
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and their crosses with native cattle breeds in Turkey 5% and
found to be similar (>0.9999) with this study.

The PE >0.999 was obtained with 9 3" and 10 markers ¥,
however, the same PE was found in this study by only using
7 (PE-2) and 5 markers (PE-1). Recently SNPs were reported
to be efficient marker system parentage testing efforts 52,

Basen on the results of this study; it was concluded
that a test panel including the most informative 7 loci
can provide enough power proving its usefulness for
parentage testing and population genetic studies of local
cattle breeds in Turkey.
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Summary

This study aims to investigate whether Butylated Hydroxytoluene (BHT), the synthetic antioxidant and food additive, increases the frequency
of micronucleated polychromatic erythrocytes (MNPCEs) in rat bone marrow. BHT, dissolved in corn oil, was administered intraperitoneally to 8-10
week old male and female Wistar rats (n=36) in three different doses (125, 250 and 500 mg/kg b.w.) for two different time periods. 12- and 24-h
after BHT treatment, the bone marrow samples were analyzed for the frequency of MNPCEs. Additionally, by evaluating the ratio of polychromatic
erythrocyte to normochromatic erythrocyte (PCE/NCE), the cytotoxic effect of BHT on bone marrow was tested. It was found that all BHT doses
at two time periods significantly increased the MNPCEs frequency about 1.9-2.84 fold. On the other hand, BHT caused significant decreased in
the PCE/NCE ratio, which is indicative of bone marrow cytotoxicity when compared to the control groups. This study showed that BHT increased
the formation of MNPCEs in rat bone marrow and we think that this increase might be related to the applied doses and the administration
way BHT.

Keywords: Butylated hydroxytoluene, Cytotoxicity, Genotoxicity, Micronucleus

Biitil Hidroksitoluen Tarafindan Mikroniikleus indiiksiyonunun
Wistar Sican Kemik iligi Hiicrelerinde Arastiriimasi

Ozet

Bu calismaile sentetik antioksidan ve yiyeceklerde katki maddesi olarak kullanilan Butil Hidroksitoluenin (BHT) rat kemikiliginde mikroniikleuslu
polikromatik eritrositlerin sayilarinda herhangi bir artisa neden olup olmadigi arastirildi. Misir yaginda ¢ézilen BHT, iki farkli zaman periyodu ve Ug¢
farkl dozda (125, 250, 500 mg/kg v.a.), 8-10 haftalik erkek ve disi Wistar albino sicanlara (n=36) intraperitonal olarak verildi. BHT muamelesinden 12
ve 24 saat sonra kemik iligi 6rnekleri MNPCE sayisl icin analiz edildi. Ayrica, polikromatik eritrositlerin normokromatik eritrositlere orani (PCE/NCE)
degerlendirilerek BHT'nin kemik iligindeki sitotoksik etkisine bakildi. Buttin BHT dozlari ve iki farkli zaman periyodunda MNPCE'lerin sayisinda 1.9-
2.84 kat 6nemli artislar bulundu. Diger taraftan BHT, kemik iligi sitotoksisite belirteci olan PCE/NCE oranini kontrol grubuna kiyasla dustrdi. Sonug
olarak bu calismada BHT'nin rat kemik iliginde MNPCE olusumunu artirdigini ve bu artisin, uygulanan dozlar ve verilme sekliyle iliskili olabilecegini
distinmekteyiz.

Anahtar sézclikler: Biitil Hidroksitoluen, Sitotoksisite, Genotoksisite, Mikrontikleus

INTRODUCTION

Butylated hydroxytoluene (BHT; 2,6-di-tert-butyl-p-
cresol), a synthetic antioxidant that is widely used in the
food industry around the world, is used to maintain and
protect foods' color, taste, nutritive value, and freshness.
It is also used to preserve drugs, fat-soluble vitamins and
cosmetics for long periods of time. BHT helps to increase
the life extension of rubber, elastomers and plastics 2.

BHT’s genotoxicity was investigated in a large number
of in vitro and in vivo test systems. The negative results
were obtained from the mutagenicity studies performed
by adding BHT to plates with different strains of Salmonella
typhimurium B9, The micronucleus test conducted by the
Stanford Research Institute (S.R.l) also presented negative
results for BHT administered with doses of 30, 90, and
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1400 mg/kg (acute and subacute) in rat bone marrow
cells . Jung and Ryu did not find any increase in
micronucleus frequency of mouse peripheral reticulocytes
in BHT applications ®. According to the World Health
Organization, International Agency for Research on
Cancer (WHO/IARC), BHT does not stimulate the DNA
damage in Bacillus subtilis, mutations in Salmonella
typhimurium, chromosomal aberrations in plants and
Drosophila melanogaster, dominant lethal mutations in
mice and micronucleus formation in bone ¥, The present
study aims to investigate whether BHT is genotoxic in
three different doses and two different time periods in rat
bone marrow cells by applying micronucleus assay.

MATERIAL and METHODS

Animals

Healthy adult male and female Wistar albino rats
(n=42), 8-10 weeks of age, with an average body weight of
180-200 g, were used in this study. Rats were obtained
from the Experimental Medical Research Unit at Kocaeli
University, Turkey. Rats were randomly selected and housed
in polycarbonate cages with free access to tap water and
rat chow with a 12 h dark/light cycle. The temperature
value of the animal laboratory was 224+2°C and the relative
humidity was 50-70%. For each dose group, six animals
were used and were allowed one week to adjust to their
new environment. The Ethics Committee of Kocaeli
University School of Medicine gave ethical approval
for this research (Ethical Approval No: 2011-24) and all
procedures on animals were performed in accordance
with the guidelines of this ethics unit.

Experimental Design and Doses

In this study, the food preservative BHT (Sigma -
B1378) (E321) was used as the test substance. BHT was
disssolved in corn oil. A total of 42 animals were randomly
divided into seven groups, each including three female
and three male rats (n=6 per group). Six groups (n=36)
served as BHT-treated group while one group served as
control group (n=6). Rats in BHT-treated groups were
administered a single dose of BHT intraperitoneally at
concentrations of 125, 250, and 500 mg/kg b.w. for 12 and
24 h before sacrifice. Rats in control group were given
only corn oil. The control group was also referred to the
solvent control. Rats were sacrificed by cervical dislocation
at 12 and 24 h after BHT treatment. Femurs of each rat
were bilaterally harvested and cleaned of any adhering
muscle. Bone marrow cells were bilaterally collected from
the rats'femurs.

Micronucleus Test

The frequency of micronucleuated erythrocytes in
femoral bone marrow was evaluated according to the
procedure of Schmid with slight modifications of Agarwal

and Chauhan """, The bone marrow was flushed out from
both femora using 1 ml of fetal calf serum and centrifuged
at 336 g for 10 min and the supernatant was discarded.
Evenly spread bone marrow smears were stained using the
May-Griinwald and Giemsa protocol 2. Slides were scored
at a magnification of 1000x using a light microscope.

Scoring

For the analysis of MN, 2000 polychromatic erythro-
cytes (PCEs) per animal were scored to calculate the MN
frequencies. The PCE/NCE (Normochromatic erythrocyte)
ratio was also determined based on a total of 1000 erythro-
cytes counted. PCEs appear as blue and NCEs appear as
orange/pink in bone marrow.

Statistical Analysis

The Kruskal Wallis Method was used because each
group consisted of four animals and the difference between
the groups was identified with the method. Then, statistical
analysis was performed using the SPSS 18 package
program. To determine the statistical significance between
dosage and effect, depending on the time, the Mann-
Whitney U Test was used. P<0.05 was considered as the
level of significance.

RESULTS

The investigation of the genotoxic effects of BHT in rats
was evaluated by the detection of micronucleus frequency
in PCEs in bone marrow. No sign of sickness, decreased
activity, or mortality was observed with the rats used
during the study.

BHT induced a significant increase of MNPCEs for all
treatment groups when compared with control groups
(Table 1, Fig. 1) (P<0.05). In Table 1, in contrast to an increase
in doses, a decrease was observed in the number of
MNPCEs in 12- and 24-h experimental groups. Within
the examination of the 12-h groups, it was found that
the decrease in the number of MNPCEs at 500 mg/kg
was statistically different from doses of 125 and 250 mg/
kg. On the other hand, when 24-h experimental groups
were examined, in contrast to an increase in doses, a
decrease was observed in the numbers of MNPCEs. This,
however, was not statistically significant. Comparing the
experimental groups of the same BHT doses at 12 and
24 h, statistically no difference was found in terms of the
numbers of MNPCEs.

The significant decreases in the ratio of PCE to NCE were
recorded between experimental and control groups while
there are significant increases in the MNPCEs frequency
(Table 1). In the 12-h experimental group, decreases were
observed in the PCE/NCE ratio in contrast to an increase in
BHT doses with 125, 250 and 500 mg/kg. These decreases
were statistically significant at the 0.05 level. In the
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Table 1. The induction of micronucleus in rat bone marrow erytrocytes after butylated hydroxytoluene treatment

Tablo 1. Biitil hidroksitoluen muamelesinden sonra sican kemik iligi eritrositlerinde mikrontikleus indiiksiyonu

Treatments Dose (mg/kg) Time (h) Total PCE/n MNPCE/2000 PCE PCE/NCE
Control® - - 12000/6 6.25+1.25 1.59+0.140
125 12 12000/6 17.75+£1.5 1.14+0.044"*
250 12 12000/6 15.7+£1.25™ 0.75+0.016""*
500 12 12000/6 12.25+0.96" 0.68+0.031"°
ST 125 24 12000/6 14.75+0.95 0.92+0.042"
250 24 12000/6 14.30+0.96" 0.93+0.018"
500 24 12000/6 13.75+0.96" 0.59+0.047°*

n: number of animals per group; MNPCE, micronucleated polychromatic erythrocyte; PCE: polychromatic erythrocyte; NCE: normochromatic erythrocyte.
All data are presented as mean * standard deviation, @ Corn oil; * P<0.05: significantly different from control groups; ™ P<0.05: significantly different from
groups with BHT doses of same time periods; * P<0.05: significantly different from groups with time periods of same BHT doses

-
~@

Fig 1. White arrow refers to MNPCE; black arrow refers to NCE;
gray arrow refers to PCE

Sekil 1. Beyaz ok MNPCE; siyah ok NCE; gri ok PCE'yi isaret
etmektedir

case of the 24-h experimental group, the statistically
significant, approximately 1.5 fold decrease, was observed
in the 500 mg/kg BHT dose compared with 125 and 250
mg/kg BHT doses. Comparing within the experimental
groups of matching BHT doses at 12 and 24 h, the PCE/
NCE ratio in animals given 125 and 250 mg/kg BHT doses
was statistically significant at the 0.05 level, though no
difference was found in the application of 500 mg/kg.

The PCE/NCE ratio in Table 1 shows whether BHT had
a cytotoxic effect on bone marrow. Accordingly, the PCE/
NCE ratio was decreased in all applied BHT doses. This is
an indication of the cytotoxicity of the bone marrow. The
highest reduction was observed in rats treated with the
highest dose of BHT.

DISCUSSION

A micronucleus test is a very useful biomonitoring test
which is used to predict a cancer risk, screen for cancer and
for researching the genotoxic and carcinogenic potentials
and reabilities of all kinds of chemical substances such
as physical factors, drugs, environmental pollutants and
food additives that we are often exposed in our daily lives.
Because of its advantages such as simplicity, reliability,
validity and applicability in different cell types, the micro-

nucleus test has been used for many years 277,

As reported in Bomhard et al.'¥, with regard to point
mutation assays, negative results were obtained in most
of the genotoxicity tests with BHT. These tests include in
vitro studies performed with various bacterial species,
strains and various mammalian cell lines as well as in vivo
studies with Drosophila melanogaster, silk worms and
mouse specific locus tests '8, According to the European
Food Safety Authority Panel (EFSA Panel), effects of BHT
on tumor formation reported by Olsen et al. are subject
to a threshold because the genotoxicity studies generally
show a lack of potential for BHT to induce point mutations,
chromosomal aberrations, or to interact with or damage
DNA 1819, The Benchmark dose (BMD) analysis from the
Panel shows that the Benchmark dose, lower 95%
confidence limit at 10% extra risk (BMDL,,) value was
247 mg/kg b.w./day for BHT derived from the data reported
by Olsen et al.l"®,

As reported in Bomhard et al.® study, there were a
large number of genotoxicity studies done with BHT in
Salmonella typhimurium in the 1980’s and 1990’s. The
study conducted by Shelef and Chin, indicated that the
addition of BHT (5-20 pg/plate) caused a 2-fold increase
on mutagenic potential of aflatoxin B1 using Salmonella
typhimurium TA98 and TA100 strains 2% However, in a
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similar study performed by Redy et al.?"it was reported
that the mutagenicity induced by 3,2-dimethyl-4-amino-
biphenyl in the presence of rat liver S-9 fraction on
Salmonella typhimurium TA98 and TA100 strains was
inhibited by BHT. Similarly, Ames test results were found
negative in point mutation studies performed by adding
different amounts of BHT to plates with the same bacterial
species and strains >,

A study performed by using Djungarian hamster fibro-
blast cultures transformed SV-40, it was found that a
concentration as low as 10pug/ml BHT exerted a strong
inhibitory effect on cell to cell dye transfer (Lucifer yellow
transfer). However, it was suggested that this effect was
reversible and BHT shared this effect with a series of well-
known tumor promoters 122,

In the studies conducted by S.R.l. in 1972, the result of
chromosomal aberration assay using 2.5-250 pg/ml BHT
with human WI-38 (embryonic lung cell) was positive,
and MN assay using rat bone marrow applied BHT at
concentrations of 30, 90 and 1400 mg/kg (acute and sub-
acute) gave negative results.,

Jung and Ryu applied the micronucleus test in mouse
peripheral reticolocytes in vivo. They injected single dose
BHT at doses of 17.3, 34.5 and 69.0 mg/kg intraperitoneally.
In the evaluation of the frequency of MNRETSs at 48 h after BHT,
they found that BHT administration did not cause a dose-
dependent increase in the frequency of MNRETSs &,

In this study, male Wistar albino rats were injected
intraperitoneally with BHT at doses of 125, 250 and 500
mg/kg b.w., and after 12 and 24 h. of BHT treatment the
sampling of bone marrow was taken for evaluation. At
the end of the study, it was found that all administered
BHT doses and time periods caused an increase in the
frequency of MNPCEs (Fig. 7). The highest frequency
of MNPCEs was in 125 mg/kg b.w dose at the 12 h time
period; this increase was approximately 3 fold when
compared to control groups (Table 1). We might say that
the dose of 500 mg/kg showed a similar effect on both
MNPCEs numbers and PCE/NCE ratio at 12 h and 24 h time
periods. In this study, we also determined that BHT caused
a decrease in the ratio of PCE/NCE, demonstrating the
cytotoxic effect of BHT in rat bone marrow cells. The ratio
of PCE to NCE is an important index in showing the toxicity
of chemical substances affecting bone marrow cells. The
significant decrease, which was observed in the PCE/NCE
ratio in the chemically treated group when compared
to control group, is an indication that the administered
chemical reached to bone marrow, caused a decrease in
the erythrocyte formation by inhibiting the maturation
and division of the nucleated erythrocyte precursor cells,
and caused a toxic effect 526,

As presented in Table 1, the statistically significant
increases in the number of MNPCEs were observed in all

doses and two time periods when compared to control
groups. However, these increases interestingly reduced
with an increased dosage. The statistically significant
decreases seen in PCN/NCE ratios when compare to
control groups, are parallel to the decrease in the number
of MNPCEs in experimental groups.

In comparison to this study in which we clearly found
positive results with the studies having negative results
for micronucleus frequency. Those differences depend on
several factors that are range of dose, way of application,
contact time, cell types, and in vivo or in vitro study. Paschin
et al. injected intraperitoneally single dose of 75 mg/kg
b.w. BHT into male and female mice . Jung and Ryu
injected single dose BHT at doses of 17.3, 34.5 and 69. 0
mg/kg BHT into mice intraperitoneally and examined
the MNRETs frequency for 48 h after BHT ©. Contrary to
all these studies, in our study, BHT was administered to
Wistar albino rats intraperitoneally and bone marrow
samples were taken 12 and 24 h after BHT treatment. The
applied doses were 125, 250 and 500 mg/kg b.w. All these
applications might have caused positive results identified
in micronucleus test in our study.

In conclusion, this study which is performed using an in
vivo micronucleus test demonstrated that the treated
dose of BHT at experimental time periods caused an
increase in the formation of MNPCEs. Given that BHT
shows a promoter effect in carcinogenesis studies, solitary
or combined effects of BHT should be considered as the
exposure to many different chemicals in cosmetic products
and food additives in our daily lives is highly probable.
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Summary

The aim of this study was to investigate the effect of black cumin (Nigella sativa L.) essential oil on butter stability. For this
aim, 0.05, 0.1 and 0.2 wt-% essential oil was added to the butter. Antioxidant activity of the essential oil was compared to that of
synthetic antioxidant BHT (100 ppm). All samples were stored at 4+1°C for 90 days. Thiobarbituric acid and peroxide values of all
samples containing essential oil were decreased depending on concentrations. The amount of 0.2% of essential oil had showed strong
antioxidant activity, which was almost equal to that of BHT. The addition of essential oil reduced total aerobic mesophilic bacteria, lactic
acid bacteria and coliform bacteria count during storage period but did not show remarkable antifungal activity. Samples containing
essential oil were preferred by the panellists compared to Control sample. Present results indicate that black cumin essential oil may
be considered as a new source of natural antioxidant.

Keywords: Antioxidant, Antimicrobial effect, Butter stability, Essential oil, Nigella sativa L.

Tereyad Stabilitesi Uzerine Corekotu (Nigella sativa L.)
Ucucu Yagi Kullanilabilirliginin Arastiriimasi

Ozet

Bu arastirmanin amaci, ¢érekotu (Nigella sativa L.) ugucu yaginin tereyaginin stabilitesi Gizerine etkini arastirmaktir. Bu amag icin
Uretimden hemen sonra tereyagina 0.05; 0.1 ve 0.2 (adirlik/%) ¢orekotu ucucu yadi ilave edildi. Ugucu yagin antioksidan aktivitesi
sentetik antioksidan BHT (100 ppm) ile karsilastirildi. Tim 6rnekler 90 giin siiresince 4+1°C ‘de muhafaza edildi. Ugucu yag iceren tim
orneklerin tiyobarbitirik asit ve peroksit degerleri, konsantrasyonlara bagl olarak azaldi. %0.2 seviyesindeki ucucu yag ilavesi, BHT
ile hemen hemen esit glicte antioksidan aktivite gosterdi. Ugucu yag, toplam aerobik mezofilik bakteri, laktik asit bakteri ve koliform
bakteri sayilarini depolama siiresince azaltmis, ancak dikkate deger bir antifungal aktivite gdstermemistir. Ucucu yag iceren drnekler
kontrol 6rnek ile karsilastirildiginda panelistlerce tercih edilmistir. Sonuglar, ¢cdrekotu ucucu yaginin, yeni bir dogal antioksidan kaynagi
olarak kabul edilebilir oldugunu gostermistir.

Anahtar sézciikler: Antioksidan, Antimikrobiyal etki, Tereyadi stabilitesi, Ucucu yad, Nigella sativa L.

INTRODUCTION

Butter, a food consumed all over the world, is used
both directly and as an ingredient in a variety of dairy
products ™, Lipids, which are important macromolecules
in foods, affect nutritional value, texture, flavour and
shelf life of a product?. On the other hand, all fat and fat
containing foods are vulnerable to oxidative deterioration,

which reduce both nutritional quality and makes the
food unacceptable for consumers B It is reported that
the oxidation of lipids is related to human diseases like
cancer, heart diseases, membrane damage and ageing, so
that antioxidants are used in foods to control and delay
oxidation . Use of natural antioxidants instead of synthetic
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ones has become popular as consumer awareness about
chemical additives increased 9. That is why researchers
have been focusing on new natural sources that have high
antioxidant activity and harmless for health to prolong
shelf-life and to increase food stability 7.

Nigella sativa L. belongs to Ranunculaceae family,
which is commonly known as “black cumin” in English
and “corekotu” in Turkish. The genus Nigella L. includes
about 20 species "% from the Mediterranean to Western
Asia and 12 species in Turkey " Black cumin (Nigella
sativa L.) seeds have been used as a spice and the seeds
or essential oils have been widely used in traditional
medicinal applications '2'3, Black cumin seed has over
100 different chemical constituents, including abundant
sources of all the essential fatty acids "%, The seeds contain
essential oils, fixed oils, proteins, phospholipids, saponin
and other some components '? Essential oils, which are
secondary metabolite products of aromatic plants, are
strong odorous, volatile and natural complex compounds !,
Many components are identified from the essential oil of
N. sativa L. But the major ones are thymoquinone (27.8%-
57.0%), p-cymene (7.1%-15.5%), carvacrol (5.8%-11.6%),
t-anethole (0.25%-2.3%), 4-terpineol (2.0%-6.6%) and
longifoline (1.0%-8.0%) 1'°.,

Although several studies on the antimicrobial and anti-
oxidant properties of members of Nigella L. genus are
carried out 724 there are a few studies published on the
use of N. sativa species in butter production. The aim of
this study is to investigate the effects of N. sativa essential
oils at three concentrations (0.05, 0.1 and 0.2 wt-%) on
butter stability as an antioxidant according to Control and
with BHT samples, and on sensorial properties as well.

MATERIAL and METHODS

Materials

Nigella sativa L. seeds were purchased from local
markets in Erzurum province in the Eastern Anatolia region
of Turkey. Sour raw cream used in the butter production
was provided by the Leben Dairy Products Plant located
in Erzurum, Turkey.

Methods

Isolation of the Essential Oils and
GC-MS Analysis Conditions

The essential oils in mature seeds were subjected to
steam distillation using a Clevenger-type apparatus for 4
h. The oils were extracted with CHCl, and then dried over
anhydrous Na,SO, and stored under N, atmosphere at 20°C
in a sealed vial until use. The essential oil was chemically
analyzed and identified by GC and GC-MS. The analysis of
the essential oil was performed using a Thermofinnigan
Trace GC/Trace DSQ/A1300 (El quadrupole) equipped

with an SGE-BPX5 MS capillary column (30 m x 0.25 mm
i.d.. 0.25 mm). For GC-MS detection, an electron ionization
system with ionization energy of 70 eV was used. Helium
was the carrier gas, at a flow rate of 1 mL/min. Injector
and MS transfer line temperatures were set at 220 and
290°C, respectively. The program used was 50 to 150°C at
a rate of 3°C/min, held isothermal for 10 min, and finally
raised to 250°C at 10°C/min. Diluted samples (1:100 v/v,
in methylene chloride) of 1.0 mL were injected manually
in splitless mode. The components were identified based
on the comparison of their relative retention times and
mass spectra with those of standards provided in Wiley7N
library data of the GC-MS system, and data provided
in the literature . The results were also confirmed by
comparison of the elution order of the compounds with
their relative retention indices on non-polar phases
reported in the literature.

Preparation of Butter Samples

The butter samples were manufactured from commercial
cow milk cream under controlled condition in the Leben
Dairy Plant (Erzurum, Turkey). The cream was not pasteurized
to see antimicrobial effect. After butter samples were
heated at 32°C, they were divided into five parts. N.
sativa essential oil was added at 0.05, 0.1 and 0.2 wt-%
levels to the first three samples, and coded NS1, NS2 and
NS3, respectively. 100 ppm BHT was added to the fourth
sample. The fifth sample was the Control sample which
did not contain any essential oil or BHT. All samples were
individually stirred carefully and homogeneously for 5
min at 40°C. Then each sample were divided into 250 g
packages and stored at 4+1°C for 90 days until analysis.
All experiments were performed in duplicate.

Chemical Analysis

The thiobarbituric acid (TBA) value was determined
to a modified version method according to Rossell 24 of
the method of Tarladgis et al.”! and Ockerman 2, The TBA
value was calculated by using a standard curve ©, The TBA
value was the estimated as mg malonaldehyde/kg butter.

The peroxide value (PV) was determined according to
the method described by Atamer 7 and Dagdemir et al.®.
PV is expressed as milliequivalents (meq) of active oxygen
per kg of butter.

Titratable acidity (lactic acid, %) was determined as
suggested by Kurt et al.”?®.,

Microbiological Analysis

For microbiological analyses, 10 g of butter sample
was weighed aseptically in 90 mL of 0.1% peptone plus
0.85% (wt/v) NaCl solution and homogenized in a sterile
polyethylene bag by using a Stomacher (Mayo HG400
Stomacher, Italy) for 2 min. Serial dilutions were prepared
from this solution #%, The enumeration of total aerobic
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mesophilic bacteria (TAMB) (Plate Count Agar, Merck,
Darmstadt, Germany) at 30°C for 72 h B9 total coliforms
(VRBA) (Violet Red Bile Agar, Merck, Darmstadt, Germany)
at 35°C for 24 h B9 yeasts and moulds (Potato Dextrose
Agar, Merck, Darmstadt, Germany; acidified 10% tartaric
acid) at 25°C for 5 d ™, lactic acid bacteria (LAB) (de Man
Rogosa Sharp Agar, Merck, Darmstadt, Germany) at 30°C
for 72 h BY, were performed. All determinations were
made in duplicate.

Sensory Analysis

The sensory properties of the butter samples were
evaluated according to the method suggested by Bodyfelt
et al.BZ, Five sensory attributes containing odour, taste,
colour, texture, and general acceptability were evaluated
according to a 1- (poor) to 9-point (excellent) scale by
eight trained panellist. For this aim samples were
removed from the refrigerator about 1 h prior to evaluation
and kept at room temperature. Warm water and bread
were also provided to the panellists to cleanse their palates
between samples.

Statistical Analysis

The experimental design consisted of a completely
randomized design in a factorial arrangement: Five
treatments (butter samples: C, NS1, NS2, NS3, BHT), four
storage periods (2, 30, 60, 90 days), and two replicates.
Statistical analysis of the data was made using the analysis
of variance (ANOVA) of the SPSS program, version 10.0.1.
Means with a significant difference were compared by
Duncan’s multiple range tests. All analyses were made in
duplicate.

RESULTS

The chemical composition of essential oil used in
our study was p-cymene (17.40%), carvacrol (16.94%),

thymoquinone (12.33%), borneol (11.55%), thymol (6.61%),
linalool (5.21%), terpinen-4-ol (3.49%), 3-caryophyllene
(3.02%), ascoridole (2.61%), 4-terpineol (2.39%), thymol
methyl ether (1.61%), a- thujene (0.56%).

TBA, peroxide and titratable acidity values of the butter
samples are shown in Table 1. As PV and TBA values could
not be determined on 2 d of storage, acidity values for
the same period are not given as well. As the essential oil
concentration is increased acidity values raised (Table 1)
On the other hand, this increase was lower than the Control
but higher than BHT containing sample. The primary lipid
oxidation is widely measured with PV in fats, oils and fat
containing foods B3, As seen in Table 1, when oxidative
stability of N. sativa L. essential oil at three concentrations
were compared with the Control sample, especially, NS2
and NS3 essential oil concentrations were effective on
reducing the oxidation level of butter samples. TBA
values of butter samples are shown in Table 1. Generally,
TBA values of all samples increased during the storage.

The effects of antioxidant addition and storage periods
on some microbiological properties of butter samples
are shown in Table 2. The TAMB counts decreased in all
samples during storage period. TAMB counts of all samples
were similar statistically on 2 and 30 days of storage. But
the differences between samples were started to seen
on 60 day of storage. The LAB counts of butter samples
decreased during the storage period. While until 60 day
of storage there were no statistical differences between
samples, essential oil and BHT containing samples were
lower than control sample at the end of the storage. As
seen Table 2, while the coliform bacteria count decreased,
yeast-mould count increased during the storage periods in
all samples. Arici et al.™ tested the antibacterial activity of
five N. sativa essential oils from different regions of Turkey
on some spoilage and/or pathogenic bacteria and LAB.
Researchers reported that the antibacterial effects of the
samples may be closely related to their high percentage

Table 1. Effect of treatments and storage periods on acidity (lactic acid %), PV (meq Ox/kg) and TBA (mg malonaldehyde/kg) in samples of butter

Tablo 1. Tereyadi érneklerinde TBA (mg malonaldehyde/kg), PV (meq O/kg) ve asitlik (% laktik asit) iizerine depolama periyodu ve muamelelerin etkisi

it Storage Period Butters'
(days) 4 NS1 NS2 NS3 BHT

30 0.44+0.01%® 0.41+0.00%%® 0.43+0.02%® 0.45+0.01%® 0.39+0.00%®

Acidity 60 0.52+0.03%8 0.48+0.01°%8 0.52+0.06°8 0.63%0.022A 0.48+0.03°*

90 0.82+0.05°* 0.56+0.075* 0.60+0.00°* 0.67+0.02° 0.55+0.024

30 0.22+0.03¢ 0.13+0.02°¢ 0.13+0.01%¢ 0.09+0.01¢ 0.14+0.04°¢

PV 60 0.72+0.05%® 0.57+0.04%%8 0.35+0.01°8 0.33+£0.01°8 0.65+0.23%*

90 1.7040.12%* 1.45+0.09%°* 1.32+0.11° 1.29+0.07° 1.23+0.13%A

30 0.15+0.01°¢ 0.13+0.012%8 0.12+0.012%8 0.12+0.0020® 0.12+0.0120®

TBA 60 0.25+0.00% 0.22+0.01°* 0.20+0.02°* 0.22+0.00° 0.18+0.01°*

90 0.28+0.01°* 0.24+0.01°* 0.23+0.01°* 0.22+0.01°* 0.22+0.00°*
'C: Control (no additives); NS1, NS2, NS3 butters with respectively 0.05, 0.1 and 0.2% of N. sativa essential oil; BHT: butters with 100 ppm BHT; *- Means within
a row with no common superscript differ (P<0.05); - Means within each column of each category followed by the different letters are significantly differ

(P<0.05)
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Table 2. Effect of treatments and storage periods on some microbiological properties of butter samples (log cfu/g)

Tablo 2. Tereyadi érneklerinin bazi mikrobiyolojik 6zellikleri lizerine depolama periyodu ve muamelelerin etkisi (log kob/g)

. Storage Period Butters’
Variants days)
(days c NS1 NS2 NS3 BHT
2 6.83+0.21°A 6.84+0.07°* 6.80+0.15* 6.84+0.14°* 6.73+0.15%*
o 30 6.70+0.18%8 6.72+0.06°* 6.65+0.08°* 6.71+0.29°* 6.75+0.17°A
60 6.60+0.04*8 6.36+0.09°°¢ 6.17+0.00°8 6.13+0.01<¢ 6.41+0.172A8
90 6.32+0.12%¢ 5.88+0.02°¢ 5.71+0.16 5.81+0.04 6.06+0.02°
2 6.47+0.123* 6.40+0.39°/8 6.62+0.173* 6.66+0.26** 6.60+0.09°*
LA 30 6.22+0.25%* 6.62+0.09°* 6.31+£0.33*8 6.15+0.412A8 6.62+0.09°*
60 6.32+0.32%4 6.26+0.312"8 5.97+0.0128¢ 5.79+0.03%® 5.98+0.07%¢
90 6.20+0.14°* 5.75+0.028 5.69+0.005¢ 5.65+0.07°® 5.73+0.05°¢
2 4.83+0.09 4.54+0.10%A 4.48+0.12°* 4.45+0.13 4.71£0.13%A
30 4.67+0.06* 4.42+0.03* 3.78+0.16°48 3.26+0.18¢ 4.43+0.36*8
Coliform bacteria
60 4.64+0.18* 4.04+0.1728 3.05+0.90°8 2.95+0.41%8 3.38+0.44%08
90 3.55+0.12%® 2.25+0.075¢ <o SIS 1.65+0.49<
2 4.03£0.91%* 3.30+0.89* 3.57+0.27%® 3.20+£1.03** 3.51+0.48*
30 4.61£0.07°* 4.27+0.21%A 4.18+0.142018 3.64+0.295A 3.49+0.38%
Yeast-mould
60 5.37+0.33A 4.69+0.26%°* 4.69+0.36> 3.74+0.94°* 4.18+0.092A
90 4.69+0.34°* 4.68+0.30* 4.43+0.11 4.52+0.31°* 4.16+0.19*
1C: Control (no additives); NS1, NS2, NS3 butters with respectively 0.05, 0.1 and 0.2% of N. sativa essential oil; BHT: butters with 100 ppm BHT; *-¢ Means within
a row with no common superscript differ (P<0.05); »-¢ Means within each column of each category followed by the different letters are significantly differ
(P<0.05)

of thymoquinone, p-cymene and carvacrol which have
antibacterial effect '8, Viuda-Martos et al.®>¥ suggested that
bacteria type is important factor on antibacterial activity
because of their cell membrane differences. As seen Table
2, the coliform bacteria counts of the butter samples were
generally lower when compared to the Control samples.
The samples containing 0.1% and 0.2% essential oil
had the lowest coliform bacteria count. Yeast and mould
counts were increased until the 60 days of storage period
but then a slight decrease was seen for the 90 days, except
NS3 sample (Table 2).

Sensory properties are the main measurement criteria to
detect food quality and consumer enjoying. The effects of
treatments and storage periods on the sensory properties
of butter samples are shown Table 3.

DISCUSSION

Antioxidant activity of essential oils could be attributed
to the high contents of some components present in the
oils. One of the examples is represented by Viuda-Martus
et al.B¥ who found the composition as p-cymene (33.03%),
thymoquinone (32.18%) and a-thujene (13.01%). In
another study, the contents of N. sativa essential oil were
found as thymoquionone (23.25%), p-cymene (32.02%),
carvacrol (10.38%), a- thujene (2.40%), and thymol (2.32%) B3,
Same researchers reported that composition of black cumin
could change depending on the geographic distribution,

time of harvest and agronomic practices. In our study, the
contents were found some differences.

In this study, at the end of the storage the acidity (%)
were in this order: BHT < NS1 < NS2 < NS3 < C. N. sativa
essential oil is mostly composed of fatty acids including
linoleic (58-65%), oleic (22-24%), palmitic (13-20%) and
stearic acid B¢, Our result was in agreement with Jasinska
and Wasik B7, who revealed that savoury added to the
butter resulted in significantly higher lipid acidity during
the cold storage. Increase of acidity depending on the
concentration can be due to high unsaturated fatty acid
content.

Essential oil containing samples showed better anti-
oxidant activity than the Control and BHT containing
sample especially on 30 and 60 days of storage and there
was no differences between concentrations. However,
at the end of the storage, there were no statistically
significant differences between essential oil containing
and BHT samples but lower than Control sample. It can
also be concluded that there was a negative correlation
between essential oil concentrations; as the essential
oil concentration increased, PV values were decreased.
Among the samples, Control showed the highest PV
values in all storage periods. However, PV increased
statistically significantly during the storage periods in
all samples. In this study 0.2% level showed the most
antioxidant activity. In another study by Ozkan et al.*®
who found that 2% Satureja clicica essential oils showed
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Table 3. Effect of treatments and storage periods on sensory properties of butter samples

Tablo 3. Tereyagi 6rneklerinin duyusal ozellikleri tizerine depolama siiresi ve muamelelerin etkisi

. Storage Period Butters'
Variants d
(days) c NS1 NS2 NS3 BHT

2 8.40+0.14% 8.45+0.07° 8.38+0.18% 8.25+0.07% 8.40+0.14%

ol 30 8.15+0.2124 8.35+0.21248 8.35+0.21% 8.40+0.14% 8.05+0.35%
olour

60 8.05:+0.35% 7.90:+0.14%¢ 8.00+0.28% 8.10+0.14% 7.40+0.14%

90 7.90+0.14% 8.00+0.00%¢ 7.88+0.18% 7.73+0.10% 7.30+0.00%

2 8.38+0.18% 8.25+0.00% 8.13+0.18% 8.15+0.212A 8.25+0.35%

. 30 8.13+0.18¢ 8.25+0.35% 7.90+0.14% 7.75+0.35% 7.94+0.26
exture

60 7.88+0.18%¢ 7.65+0.212A 7.63+0.18°A 7.70+0.42% 7.75+0.35%

20 7.63+0.18% 7.75+0.35% 7.69+0.27°A 7.69+0.27° 7.60+0.57%

2 8.38+0.53% 8.50+0.00% 8.38+0.18% 8.25+0.35% 8.50+0.35%

od 30 8.00:£0.35%48 8.00+0.28% 8.00+0.004 8.00+0.28% 8.00+0.00%
our

60 7.63+0.18%8 7.63+0.17% 7.69+0.27%8 7.69+0.27° 7.50+0.00%

90 7.38+0.18 7.58+0.1128 7.63+0.18%8 7.88+0.18% 7.50+0.00°8

2 8.25+0.35% 8.38+0.18% 8.38+0.18% 8.33+0.11% 8.38+0.18%

. 30 7.38+0.53% 8.13+0.18% 8.15+0.212A 8.20+0.28% 8.13+0.18%
avour

60 8.13+0.18% 8.00+0.17% 8.00+0.28% 8.10+0.14% 8.25+0.35%

90 7.38+0.18° 7.83+0.24°4 8.00+0.00% 8.04+0.23% 7.88+0.18%

2 8.50+0.00% 8.38+0.18% 8.50+0.00% 8.53+0.32% 8.40+0.14%

Overall Accep- 30 7.90+0.57°A 7.94+0.08%4 8.04+0.23% 7.94+0.26 8.00+0.00%4

tability 60 7.75+0.35% 7.83+0.24% 7.94+0.08% 7.75+0.35% 8.05+0.3528

90 7.55+0.35% 7.77+0.15% 8.00+0.17% 7.94+0.08% 7.50+0.00%

1 C: Control (no additives); NS1, NS2, NS3 butters with respectively 0.05, 0.1 and 0.2% of N. sativa essential oil; BHT: butters with 100 ppm BHT; *-* Means
within a row with no common superscript differ (P<0.05); #-Means within each column of each category followed by the different letters are significantly

differ (P<0.05)

more effective antioxidant activity than 0.5 and 1% level,
it was reported that antiradical and antioxidant activity
could vary depending on the concentration and content
of essential oil. Another study revealed that both aqueous
and methanolic extracts of cumin varieties containing
bitter cumin, cumin and black cumin inhibited lipid per-
oxidation 2%, Mariod et al.?" revealed that while black
cumin seed-cake showed antioxidant activity on corn oil
by decreasing PV after 72 h when compared to Control
without antioxidant.

TBA values of samples containing essential oil and BHT
were lower than that of Control sample. No significant
differences were found between all essential oil and BHT
containing samples at the end of the storage. Control
sample showed the highest value (Table 1). Our results
were in agreement with Dagdemir et al.’®® who indicated
that there were no significant differences between Thymus
haussknechtii, Origanum acutidens 0.2 and 0.1%, BHT
and control butter samples on the 60™ day of storage. Anti-
oxidant activity of N. sativa L., using two TLC screening
methods showed that thymoquinone, carvacrol, t-anethole
and 4-terpineol demonstrated important radical scavenging
property 7. It was reported that the antioxidant activity
were positively correlated with phenolic content of black

cumin and antioxidant properties of black cumin extracts
either equal to or higher than BHA and BHT ™. It was
observed that black cumin essential oil inhibited lipid
peroxidation 92.56% and DPPH radical formation at a
rate of 80.25% 1%,

Essential oil containing samples were statistically lower
than the sample with BHT and Control on 60 and 90 days
of the storage in terms of TAMB counts (Table 2). A study
demonstrated that TAMB counts of soft white cheeses
0.3% and 1% essential oil of N. sativa decreased from 7.6x
10°to 1.34x10° log cfu/g and 6.2x10° to 9.4x10° log cfu/g,
respectively, after 6 days of storage "%, LAB counts were
decreased depending on the concentration of essential oil.
The lowest LAB count was found 5.65+0.07 in NS3 sample
(0.2% essential oil) at the end of the storage period (Table 2).
This result was in agreement with studies by Ozkan et al.?®
and Dagdemir et al.® who indicated, respectively, that the
LAB counts of butter samples containing Saturaja cilicica
essential oils and T. haussknechtii and O. acuditens were
decreased. It can be concluded that the concentration
of essential oil was an important factor of the growth
of coliform bacteria. At the end of the storage, coliform
bacteria counts were in the order of NS3 = NS2 < BHT <
NS1 < Control (Table 2). A study conducted by Arici et al.™
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who showed that generally, the fixed oils of the black cumin
samples had higher antibacterial activity against spoilage
and pathogenic bacteria than LAB. Another study showed
that 0.3% and 1% essential oil of N. sativa decreased
the S. aureus, Brucella melitensis and Escherichia coli in
cheese samples stored for 0, 2, 4 days of storage period
at refrigerator temperature %, On the other hand, it was
reported that when essential oils were added to complex
food systems, antibacterial effectiveness is diminished
and sensory properties could be affected negatively B4,
Although the yeast-mould counts of essential oil and BHT
containing samples were lower than the Control, there
were no statistical differences in all samples at the end of
the storage. A similar result was determined by Dagdemir
et al® who studied T. haussknechtii and O. acuditens as
antioxidants. Another study has shown that while 2%
black cumin added to butter, it exhibited antiyeast activity
against Candida zeylanoides and Candida lambica but
Candida kefyr 9, Variable results from the literature on
effect of essential oils on different microorganisms kinds
can be attributed to kind of seed selected, essential oil
composition and concentration.

The addition of the essential oils significantly affected
the sensory properties of the butter samples. The colour
scores of the butter samples were similar during the 90
days of storage, except for BHT which had the lowest
scores. All butter samples were same statistically in terms
of texture scores. There were no significant difference in
the flavour scores of all butter samples during the storage
period, and scores were found between 7.38 and 8.38
(Table 3). The overall acceptability scores of all butter
samples were same statistically (P<0.05). But at end of the
storage, the order was BHT (7.50) < C (7.55) < NSI (7.77)
< NS3 (7.94) < NS2 (8.0). Generally flavour and overall
acceptability scores of samples containing essential oil
were higher than those of Control. Essential oil containing
samples received higher scores for each parameter. As to
the general evaluation of sensory scores, all butter samples
were within acceptability limits changing from 7.30 to 8.53.

N. sativa L. essential oils and its concentrations used
in this study showed a higher antioxidant activity than
the respective Controls. Especially the PV and TBA values
of the samples containing 0.2% essential oil were similar
to the BHT containing samples. It was also effective on
TAMB, LAB and coliform bacteria. The yeast and mould
counts of the samples containing essential oils were
lower than Control sample and BHT containing sample.
Besides microbiological and chemical properties, sensorial
properties of foods are much more important criteria
for consumer acceptance. From this point the essential
oil concentration must be taken into consideration in
choosing the antioxidant. That is why N. sativa L. and its
concentration used in our study were suitable from all
points. From all the evaluated studies, it is clear that natural
antioxidant sources can be preferred over synthetic ones

to enhance not only the shelf life of product but also for
the protection of nutritional properties. Thus, the results
indicate that N. sativa L. essential oil may be considered as
new source of natural antioxidant. However, there is still
need for more studies to determine the effective essential
oils dose.
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Summary

Parasites imported with dwarf gourami fish may present risks, both to native fish populations and to the aquaculture industry.
Heteronchocleidus buschkieli Bychowsky, 1957 is an important Anabantidae fishes parasite. A large number of imported anabantid fish
originate from Southeast Asian countries. The objective of this study was to investigate the occurrence of infection with monogenean
parasite in dwarf gourami fish imported from Southeast Asia into Iran. In this study, a total of 400 dwarf gouramies were randomly selected
from aquaria containing this fish imported from Southeast Asia into Iran. After euthanizing, the gills were removed and arches and skin
were examined microscopically for monogenean parasites. Heteronchocleidus buschkieli (Monogenea: Ancyrocephalidae) was the only
monogenean parasite identified morphologically in 120 of 400 (30%) imported fish. The infected fish were lethargic and had hyperemic gills
with small skin lesions. Prevalence, abundance and mean intensity of infection for four years were 0.3, 30 and 30+1.96, respectively. To the
author’s knowledge, this is the first report of dwarf gourami infection with H. buschkieli in Iran. In order to prevent the introduction of this
parasitic pathogen from imported fishes, we recommend imported fishes should be examined and treated before domestic distribution and
quarantine practices should be implemented.

Keywords: Dwarf gourami, Ornamental fish, Heteronchocleidus buschkieli, Monogenea, Iran

. iran’a Yurt Disindan Getirilen Suis Baliklarindan (Colisa lalia)
Izole Edilen U¢-Kancali Monogenean Parazit (Heteronchocleidus
buschkieli; Ancyrocephalidae: Heteronchocleidinae)

Ozet

Clice gurami balik ile tasinan parazitler hem endemik balik populasyonlarina hem de akuakiiltir endstrisine risk olusturabilirler.
Heteronchocleidus buschkieli Bychowsky, 1957 énemli bir Anabantidae balik parazitidir. Cok sayida yurt disindan tasinan anabantid balik
Giineybati Asya (lkelerinden kéken alir. Bu calismanin amaci iran’a Giineybati Asya'dan ithal edilen ciice gurami balikta monogenean parazit
enfeksiyonunun mevcudiyetini arastirmaktir. Bu calismada, iran'a Glineybati Asya'dan ithal edilen baliklari iceren akvaryumdan rastgele toplam
400 adet clice gurami secildi. Otenaziyi takiben solungaclar uzaklastirildi ve yiizgecler ile deri monogean parazit icin mikroskopta incelendi.
Heteronchocleidus buschkieli (Monogenea: Ancyrocephalidae) ithal edilen baliklardan 400'Unden 120'sinde tespit edilen tek monogean
parazitti. Enfekte baliklar halsiz olup hiperemik solungaclara ve kiiglk deri lezyonlarina sahipti. Dort yil icin enfeksiyonun prevalans, cokluk ve
ortalama yogunlugu sirasiyla 0,3, 30 ve 30+1,96 idi. Yazarlarin bilgisi kapsaminda bu calisma iran'da H. buschkieli ile enfekte ciice guraminin
varligini ortaya koyan ilk rapordur. ithal edilen baliklardan bu parazitik patojenin olusumunu engellemek amaciyla bizler ithal edilen baliklarin
yurt icine yayllmadan ve karantina uygulanmadan dnce bu baliklarin kontrol ve tedavi edilmeleri gerektigini tavsiye ederiz.

Anabhtar sézciikler: Ciice gurami, Siis baligi, Heteronchocleidus buschkieli, Monogenea, iran

INTRODUCTION

Until the second half of the 20" century, the was converted to class level by Bychowsky ™. Class
Aspidogastrea, Digenea and Monogenea (Monogenoidea) monogenoidea is divided into 2 subclasses: 1) lower
were considered together as ‘trematodes. The Monogenea  or Polyonchoinea, with 6 orders and about 30 families
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(e.g. Dactylogyridae, Gyrodactylidae, Capsalidae and
Ancyrocephalidae) and 2) higher or Oligonchoinea
with 5 orders and about 35 families (e.g. Discocotylidae,
Mazocraeidae and Diplozoidae) >3,

Monogenea are microscopic to medium-sized (0.15 to
20.0 mm, rarely up to 30.0 mm) parasitic flatworm of fish
generally in freshwater rivers and lakes. They have a direct
life cycle and are either viviparous (e.g., Gyrodactylidae) or
oviparous (e.g., Dactylogyridae) . Monogeneans are host
specific and infect only one or very few host species 278,
Oviparous species of Monogeneans cannot survive more
than 2 weeks off a host (except their over-wintering eggs) .

Most monogeneans are ectoparasitic on specific sites
of fish such as branchial arches, the fins, and the head.
They attach to the host using their opisthaptor (an organ
located at the posterior end of the monogen) which
is usually equipped with 2 to 4 larger hooks, 12 nearly
always to 16 marginal hooks and/or clamps or suckers &%,
The number and shape of these structures are important
in monogenean classification 23, Numerous species
of monogeneans are known to cause morbidity and
mortality in freshwater and marine fishes because of their
high intensities, and significant damage at the point of
attachment through their opisthaptor and by grazing on
exposed organs and tissues . Monogenean trematodes
are serious pests of ornamental fishes particularly
dactylogyrids causing damage to gill filament of fishes &,

Heteronchocleidus Bychowsky, 1957 an Anabantidae
fish parasite is a representative of infrequent tropical
monogenetic trematodes related to Ancyrocephalidae
(Ancyrocephalinae) % The adult worms have three
powerfully developed middle hooks, the fourth remains
undeveloped "', The vestigial dorsal anchor (fourth
hook) in all species of Trianchoratus, Heteronchocleidus
and Eutrianchoratus those assigned to the subfamily
Heteronchocleidinae Price, 1968 (previously regarding to
Ancyrocephalidae Bychowsky, 1937) is comma-shaped 2.
Paperna remarked that there is an evolutionary circumstance
beginning from two pairs of anchors to three anchors, by
loss of one anchor ', Structural differences in anchors and
bars are used to differentiate species, while the copulatory
organ remains homologous in almost all fish species ['".

’

A significant portion of worldwide aquatic animals
trade consists of tropical aquarium fish such as anabantid
fishes. The anabantid fishes vary in color and are found
in most aquaria. They may use atmospheric air in order
to breathe and an accessory breathing organ called the
labyrinth organ (composed of lamella which are covered
over a specific blood-soaked thin skin) is located next
to the gill cavities %5l A large number of imported
anabantid fish originate from Southeast Asian countries.

Currently, there is limited information available regarding
the occurrence of parasitic pathogens in imported dwarf

gourami (Colisa lalia, Hamilton 1822) into Iran. The
objective of this study was to investigate the occurrence
of infection with monogenean parasite in dwarf gourami
fish imported from Southeast Asia into Iran.

MATERIAL and METHODS

From July 2008 to September 2012, a total of 400
dwarf gouramies (Anabantid fish) were randomly selected
from aquaria containing dwarf gouramies imported from
Southeast Asia into Iran. They were held in aquaria at
27+2°C. The fish were immediately transported to the
Aquatic Laboratory, Faculty of Veterinary Medicine,
Islamic Azad University. The animals were euthanized by
decapitation following clove flower extract bathing. The
monogenean parasites were defined and counted in fish
gills and skin. The gills were removed and arches were
placed one by one on separate slides. The slides were
examined by light microscopy with 10 x magnification
using a Laboval 4 microscope (Zeiss, Munich, Germany).
The monogenean parasites were isolated and moved
to another slide and were fixed and cleared by adding
ammonium picrate %, Then, a cover slip was placed
and sealed by paraffin. Finally, light microscopy at
40 x magnification was used for identification of the
monogenean parasites. Using the same procedure, skin wet
mount was also examined for the monogenean parasites.

Identification of monogenean species was done using
morphological characteristics (shape and number of
hooks and bars) according to Bychowsky "® and Lim 718
identification keys. Briefly, the monogenean with three
well developed anchors and one rudimentary anchor with
two bars were confirmed as the genus Heteronchocleidus.

Key to the genera of Heteronchocleidinae Price, 1968 '8

Monogeneans with three well developed anchors and
one rudimentary anchor

With2bars......cccoviviiiiiiinn, Heteronchocleidus
With 1 bar.....ccoviiiiiiiiiiis Eutrianchoratus
Withoutbar.......ccovviiiiiiiiiinns Trianchoratus

All statistical analyses were performed using GraphPad
software (GraphPad software, Inc., La Jolla, CA, USA) and
data were expressed as mean * standard deviation (SD).

RESULTS

Heteronchocleidus buschkieli (Monogenea: Ancyro-
cephalidae) (Fig. 1) as the only monogenean parasites
was identified with its specific three hooks and two bars
(Fig. 2) in 120 of 400 (30%) imported fish. The infected fish
were lethargic and small skin lesions (Fig. 3).

Overall, 7203 parasites were isolated from all 120 fish
with a range of 48 to 73 parasites per each fish. In general,



543
SHOAIBI OMRANI

Fig 1. Heteronchocleidus buschkieli isolated from ornamental fish (Colisa
lalia)

Sekil 1. Sus baligindan (Colisa lalia) izole edilen Heteronchocleidus
buschkieli

Fig 2. Three hooks and two bars of Heteronchocleidus buschkieli parasite
isolated from ornamental fish (Colisa lalia)

Sekil 2. Sus baligindan (Colisa lalia) izole edilen Heteronchocleidus
buschkieli parazitinde li¢ kanca ve iki bar

5 to 9 parasites were counted in each infected gill arch and
2 to 7 parasites were counted in the skin wet mount.
Mean quantity of this parasite in each fish was 60.03+7.36.
With 95% Confidence Interval (Cl), number of parasites
in each fish was between 57.67 to 62.38. However, in the
high-infected gill arches up to 25 parasites were detected
per high (x 40 objective) power field.

Prevalence, abundance, mean intensity and percentage
of infection for four years are shown in Table 1.

Fig 3. Dwarf gourami fish (Colisa lalia) with skin lesions

Sekil 3. Deri lezyonlu clice gurami baligi (Colisa lalia)

Table 1. Prevalence, abundance, mean intensity and percentage of
infected fish

Tablo 1. Enfekte baliklarin prevalans, siklik, ortalama yogunluk ve ytizdesi

Mean for 4
years

0.3 30 30£1.96 30%

Table 2. Prevalence, abundance, mean intensity and percentage of
parasitized fish

Tablo 2. Parazitli baliklarin prevalans, siklik, ortalama yogunluk ve yiizdesi

0.0081 58.78 58.78+7.95 0.81%

Mean for 4
years

0.0083 60.03 60.03+7.36 0.83%

Prevalence, abundance, mean intensity and percentage
of parasites for four years are shown in Table 2.

DISCUSSION

In the present study, the dwarf gourami imported
from Southeast Asia presented a great degree of infection
with H. buschkieli. To the author’s knowledge, this is the
first report of dwarf gourami infection with H. buschkieli
in Iran. Infection with this parasite in gills of small aquarium
fish Macropodus opercularis (paradise fish) was first reported
by Bychowsky 1%, Currently, there are 29 recognized
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species of heteronchocleidine monogeneans including
Trianchoratus spp. (10 species), Eutrianchoratus spp. (9
species), and Heteronchocleidus spp. (10 species) isolated
from freshwater fish species of channids (3 species) and
anabantoids (13 species) "2, But its host specificity limits
to anabantid freshwater fishes.

H. buschkieli from croaking gourami (Trichopsis vittatus)
has been found in the gills of 7 species of freshwater fishes
in Malaya 7. Chang and Ji have reported infection with
H. buschkieli and H. magnihamatus in gills of Macropodus
chinensis in China ", Recently, monogeneans such as H.
buschkieli, H. gracilis Mizelle and Kritsky, 1969 and H. colisai
Chandra and Yasmin, 2003 have been reported from India """,

Heteronchocleidus sp. has been observed in imported
Trichogaster lalia (Synonym for dwarf gourami) from
Singapore 2% and in Anabas testudineus (climbing perch),
Channa striata (striped snakehead) and snakehead
murrel in Vietnam 2, Heteronchocleidus stunkardi and H.
asymmetricus have been identified in 85% and 4% of
Colisa lalius in India, respectively 222,

It has been suggested that monogeneans have
significantly high host specificity 2 which is expressed as
the presence of at least one species on every species of
certain host groups. Perhaps the qualitative and quantitative
distinction in the patterns of host specificity of mono-
geneans contributes to the disparity between the sizes of
the monogenean super-genera . From the Dactylogyrus
checklist, it has been calculated that each species
parasitizes a mean number of about 1.45 host genera; 78%
of the species are reported from a single genus 24,

Parasites imported with dwarf gourami fish may
present risks, both to native fish populations and to the
aquaculture industry and consequently can cause serious
outbreaks of disease. In addition to the lesions in gills
and skin, rapid and easy transmission can happen that
indicates the necessity of quarantine, prevention, and
treatment. Therefore, fish density level during export is
so important to prevent such parasite infections via fish
to fish transmission. It is recommended that the fishes
should be examined and treated before domestic distribution
and quarantine practices should be implemented. Further
studies are required to determine the prevalence of
parasitic pathogens in imported fishes into Iran.
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Summary

We investigated the effects of Ankaferd Blood Stopper (ABS) and tripeptide copper complex (TCC) on wound healing in rats. A total of
24 outbred, male, Sprague-Dawley rats were randomly divided into (1) ABS, (2) TCC, and (3) control groups. Bilateral experimental wounds
were created near the caudal border of the scapula. Each wound in the respective treatment group was treated daily with sponges soaked
in ABS solution, topical TCC gel, or saline. On days 0, 7, 14 and 21, unhealed wound area was measured and biopsy samples were taken for
histopathological analysis (except day 0). Median time for the first observable granulation tissue was not significantly different in the ABS, TCC,
and control groups (5.8, 5.5, and 6.7 days, respectively) (P>0.05). Filling of the open wound with granulation tissue to skin level was significantly
slower in the control group than in the ABS and TCC groups (18, 9, and 11 days, respectively). The mean unhealed wound area was significantly
smaller and the mean percentage of total wound healing was significantly higher in the ABS- and TCC-treated wounds than in the control wounds
onday 7, 14, and 21 (P<0.05); the average time for healing was also significantly shorter in the treatment groups than in the control group (17.4,
16.8 vs. 23.6 days, respectively) (P<0.05). Our results suggest that topical application of ABS and TCC have beneficial effects on wound healing.

Keywords: Wound healing, Ankaferd Blood Stopper (ABS), Tripeptide copper complex (TCC), Skin, Rat

Ankaferd Blood Stopper (ABS) ve Topikal Tripeptid Bakir
Kompleksinin (TCC) Ratlarda Yara lyilesmesi Uzerine Etkisi:
Deneysel Calisma

Ozet

Bu calismada, Ankaferd Blood Stopper (ABS) ve tripeptid bakir kompleksinin (TCC) ratlarda yara iyilesmesi tizerine etkilerinin arastiriimasi
amaclanmistir. Sprague-Dawley irki, disi, 24 adet rat, rastgele sekilde 1) ABS, 2) TCC, ve 3) Kontrol olmak tizere 3 gruba ayrildi. Skapulanin kaudal
sinirina yakin sahada bilateral deneysel yaralar olusturuldu. Her bir yara giinlik olarak grubuna gore ABS sollisyon emdirilmis sponjlar, topikal
TCC jel ya da serum fizyolojik ile tedavi edildi. lyilesmemis yara alani 0, 7, 14 ve 21. giinlerde 6lciildii ve histopatolojik analiz icin biyopsi érnekleri
alindi (0. giin haricinde). ilk gézlenebilir granulasyon dokusu olusumu ortalama zamani acisindan ABS, TCC ve kontrol gruplari arasinda anlamli
istatistiki fark yoktu (sirasiyla 5.8, 5.5 ve 6.7 glin) (P>0.05). Agik yara sahasinin deri diizeyine kadar granulasyon dokusu ile dolma suresi, kontrol
grubunda ABS ve TCC grubundan anlaml sekilde daha disukti (sirasiyla 18, 9 ve 11 giin). ABS ve TCC ile tedavi edilen yaralarin 7, 14 ve 21.
glinlerde yapilan dl¢timlerinde ortalama iyilesmemis yara sahasinin kontrol grubuna kiyasla anlamli sekilde daha kiglik ve ortalama total yara
iyilesme ylizdesinin kontrol grubuna gore anlamli sekilde daha buylik oldugu gozlendi (P<0.05); ortalama iyilesme zamani da uygulama yapilan
gruplarda kontrol grubundan anlamli sekilde daha kisa (sirasiyla 17.4, 16.8 ve 23.6 gtin) (P<0.05) olarak bulundu. Elde edilen bulgular 1siginda,
ABS ve TCC topikal uygulamalarinin yara iyilesmesi tizerine yararl etkileri oldugu sonucuna ulasiimistir.

Anahtar sozciikler: Yara iyilesmesi, Ankaferd Blood Stopper (ABS), Tripeptid bakir kompleksi (TCC), Deri, Rat

INTRODUCTION

Skin wound healing is the repair process that follows healing is a complex process involving four major stages:
injury to the skin and other soft tissues. Cutaneous wound  hemostasis, inflammation, proliferation, and maturation/
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remodeling "2, During the treatment period, the goal is
to provide an optimal environment for wound contraction
and epithelialization through the use of medications and
bandages®.

Ankaferd Blood Stopper® (ABS; Ankaferd Drug Cosmetic
Co., Istanbul, Turkey) is a herbal medicine, ingredients of
which have been used in Anatolia as a hemostatic agent
for centuries for clinical hemorrhages “* when the
conventional control of bleeding by ligature and/or
conventional hemostatic measures was ineffective 71,
Ankaferd is a standardized mixture of the plants
Thymus vulgaris, Glycyrrhiza glabra, Vitis vinifera, Alpinia
officinarum, and Urtica dioica, each of which has some
effects on the endothelium, blood cells, angiogenesis,
cellular proliferation, vascular dynamics, and/or cell
mediators “>&9 ABS is clinically effective in bleeding
individuals with normal hemostatic parameters and
in patients with deficient primary hemostasis and/or
secondary hemostasis '3,

Few studies have been published evaluating the
effect of ABS, which seems to be an effective hemostatic
agent, on wound healing "L, Isler et al.' investigated
the effects of ABS on early bone healing using a rat
tibia defect model. The defects treated with ABS showed
more intense new bone formation and less necrosis,
which may be related to increased speed of healing and
decreased inflammation that is associated with anti-
oxidant activity of the components of ABS. Akalin et al.'*!
investigated the efficacy of ABS on healing of dermal
wounds in a rat model. The ABS group was superior to
the control group in terms of inflammatory scoring, type
I/type Il collagen ratio, and wound contraction rates.
Except these studies, the effect of ABS on wound healing
has not been investigated thus far.

Glycyl-L-histidyl-L-lysine (GHK) is a naturally occurring
peptide found in several biological fluids, including
plasma. A synthetic form of GHK used in the preparation of
the tripeptide-copper complex (TCC) acts as a controlled
delivery system for copper to the wound site. Glycyl-
L-histidyl-L-lysine-Cu** (GHK-Cu) is a TCC isolated
from human plasma by Pickart and Thaler in 1973 618,
The efficacy of TCC in acute wound healing is well
established, and it possesses many properties that
promote wound healing which include increase in neo-
vascularization '?, increase in epithelialization and collagen
deposition 31929, acceleration of wound contraction 32122,
and improvement of the acute wound environment by
increasing proteinases "7,

The aim of this study was to evaluate the clinical and
histopathological effects of ABS and TCC applied topically
on open wounds created on dorsal skin of rats and to
compare the results with saline treated control wounds in
an experimental model.

MATERIAL and METHODS

Study Population

The study was performed at the Experimental Animal
Breeding and Research Unit of the university. Upon
approval of the Animal Ethics Committee (2012-01/04), the
procedure was initiated.

A total of 24 outbred, male, Sprague-Dawley rats (mean
weight£SD: 230+19 g; mean age: 2 months) were used.
The animals were kept in individual cages, in a room with
constant temperature (22+4°C) and a 12 h light/12 h dark
cycle with free access to food and water. The rats were
randomly divided into three groups: (1) ABS group, (2) TCC
(lamin® 5% gel; Procyte Co., Kirkland, WA, USA) group, and
(3) control group (given only saline), each group with 8
rats. Prior to anaesthesia and on days 7 and 14 a complete
blood cell count was performed on each rat.

Wound Creation

The rats were starved for 24 h preoperatively. On day
0, rats in all groups were anesthetized with inhalation
chamber of sevoflurane (4.0-5.0%, vol). After induction,
anesthesia was maintained with facial mask by inhalation
of sevoflurane (2.5-3.5%, vol). Single dose of enrofloxacin
(10 mg/kg, sc) (Baytril®; Bayer, Leverkusen, Germany) was
administered immediately preoperatively for prophylaxis.
Carprofen (4 mg/kg, sc) (Rimadyl®; Pfizer Inc., Zaventem,
Belgium) was injected to all animals once just before the
operation for analgesia.

The hair on the dorsum was clipped widely from the
scapula to the ilium region and the clipped area was
surgically prepared with polyvidone-iodine (Betadine®;
Kansuk, Istanbul, Turkey). Each rat was positioned in
sternal recumbency and surgically draped.

One full thickness experimental wound (1.5 cm x
1.5 cm) was created on each side, nearly 1 cm from the
dorsal midline just caudal to the caudal border of the
scapula on each rat. The skin, including panniculus
carnosus, was excised with a no. 11 scalpel blade and
scissors to create wounds perpendicular to the spine.
Hemorrhage was controlled by sterile surgical sponges.
After application of the topical treatments, the wound
areas were left open.

Treatment Protocol

Each rat in the respective treatment groups was treated
once daily, with sponges soaked in ABS solution and
topical TCC gel. Enough medication to cover the wound
with a thin layer was applied by delivering a segment of
the medication diagonally across the square wound. In
the control group, sponges soaked in saline solution was
administered on wounds.
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Evaluation of Wound Healing

Observations during daily wound care: Each wound was
evaluated at the time of daily examination for wound
healing and presence of any exudate until day 21. On days
14 and 21, any hair that had grown around the wounds
was trimmed away. The day that the first granulation tissue
was observed and the days that the wound was covered
and then completely filled with granulation tissue and
epithelialized were recorded.

Planimetry: Planimetry was performed on days 0, 7, 14,
and 21 on anesthetized animals (the anesthesia protocol
used to create the wounds was repeated) by tracing
the perimeter of the square wounds onto a sterile piece
of clear acetate film with a special marking pen. The
examiner, wearing a 2.5x loupe, traced the wound margin
at the border between the normal skin and the wound.
The outlined area was defined as ‘total wound area’
Thereafter, the examiner traced the margin at the leading
edge of the advancing epithelium. The area within the
margin of the advancing epithelium was defined as
‘unhealed wound area’ Wound tracings were scanned
and transferred to a computer, and the area (mm?) and
perimeter were calculated for each wound using the
Sigma Scan® software (SPSS Inc., Chicago, IL, USA). The
percentage of total wound healing was calculated for
wounds on the right side by using a previously described
two-step formula®l,

Step 1

Open wound day, as percentage of original = Open
wound area day, x 100/Original wound area day,

Step 2

% total wound healing day, = 100 - Open wound day,,
as percentage of original.

The unhealed wound area and the percentage of total
wound healing were recorded at each day of measurement
and used for statistical analysis.

Histopathological Examination

Four-millimeter punch biopsy instruments were used
to take skin specimens from different corners of the left-
side wound of each rat on days 7, 14 and 21 immediately
after the planimetry was performed. Skin specimens were
fixed in 10% neutral buffered formalin and processed
routinely for histopathological examination. Five-micro-
meter sections were stained with hematoxylin and eosin
(H&E). Progressive decrease in neutrophil number and
progressive increase in angiogenesis were selected for
monitoring the healing process histopathologically as
reported in previous studies 224, In every skin section,
an area just beneath the epidermis or crust formation
was randomly selected. Thereafter, four consecutive areas

moving towards the deep dermis were selected. The five
selected areas were examined under 400x magnification.
The number of neutrophils was scored as 0-25=1, 26-50=2,
51-75=3, and > 75=4. The same areas were also examined
for the number of vessels and the actual count was noted.
All histological sections were blindly evaluated by the
same investigator.

Statistical Analysis

The percentage of total wound healing, unhealed wound
area, time for the first observable granulation tissue, time
for the coverage of the wound with granulation tissue, and
filling of the open wound to the skin level with granulation
tissue for each wound at each time of measurement as
compared to the original wound size were calculated and
the mean values were compared among the three groups
using repeated measures model for analysis of variance
(ANOVA). Where differences existed, the differences were
determined by Duncan’s multiple-range test. Neutrophil
scores and vessel counts were analysed using one-
way ANOVA. When differences among the groups were
significant, Mann Whitney U test was used. All analyses
were performed using SPSS 13.0 (SPSS Inc.). A P value
lower than 0.05 was considered significant.

RESULTS

Observations During Daily Wound Care

Appearances of the wounds in ABS, TCC, and control
groups on day 7, 14, and 21 are shown in Fig. 1. The day
following surgery, the wounds appeared clean; however,
some of the wounds treated with TCC were covered with
a bluish film reflecting the blue color of the gel. On the
second and third days of treatment, TCC-treated wounds
developed a tenacious, purulent appearing exudate. The
tissue underlying the exudate, in most cases, was dark red
or mottled on day 7 and was considered as granulation
tissue. Wounds in ABS and control groups were clean and
free of exudate throughout the study.

On day 7, a superficial brown colored scab was
observed on the wounds in ABS group. In the control
group, granulation tissue formation was less remarkable
onday7.

On day 14, the rapid growth of new tissue at the wound
edges was remarkable in ABS and TCC groups. In addition,
a small elevation of granulation tissue was present at the
center of the wounds in TCC group (Fig. 1E). The wound size
in both ABS-treated and TCC-treated animals was reduced.

On day 21, all wounds were covered with granulation
tissue and epithelialization in the ABS and TCC groups
(mean 16.1 and 19.2 days, respectively (P<0.05), whereas
wounds of four rats in the control group were not
completely epithelialized (Fig. 1C, TF, 1I).
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Fig 1. The figure shows the progression of wound healing in the ABS (1A to 1C), TCC (1D to 1 1F) and control (1G to 11) groups
on day 7 (left column), day 14 (middle column) and day 21 (right column). On day 21, all wounds in the ABS and TCC groups were
covered with granulation tissue and epithelialization, whereas there were still open wounds in the control group

Sekil 1. ABS (1A-1C), TCC (1D-1F) ve kontrol (1G-1l) gruplarinda 7. glinde (sol siitun), 14. glinde (orta stitun) ve 21. glinde (sag
stitun) yara iyilesmesini géstermektedir. Yirmi birinci glinde ABS ve TCC gruplarinda tiim yaralar kapanirken, kontrol grubunda
hala agik yaralar mevcuttu
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Fig 2. Histopathologically wound healing was characterized by a decrease in the neutrophil count and an increase in the number
of vessels. A shows high number of neutrophils on day 7 in the ABS group, whereas B shows the increased number of new
capillary vessels (arrows) with almost no inflammatory reaction on day 21 in the same group, H&E staining, x400 magnification

Sekil 2. Histopatolojik olarak yara iyilesmesi notrofil sayisinda azalma ve damar sayisinda artis ile kendisini gosterdi. A 7. glinde
ABS grubunda ¢ok sayida nétrofili gosterirken, B ayni grupta 21. glinde artan sayidaki yeni kapillar damarlari (oklar), ve hemen
hemen hig yangisal reaksiyonun olmadigini ortaya koymaktadir, H&E boyama, x400 biyiitme

The median time for the first observable granulation  Filling of the open wound with granulation tissue to skin
tissue was not significantly different in the ABS, TCC, and  level was significantly slower in the control group than in
control groups (5.8, 5.5, and 6.7 days, respectively) (P>0.05).  the ABS and TCC groups (18, 9, and 11 days, respectively)
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Table 1. Comparison of mean unhealed wound area and percentage of total wound healing on days 0, 7, 14, and 21 among groups of rats treated with the
Ankaferd Blood Stopper (ABS), tripeptide copper complex (TCC) and saline treated controls (mean + standard error of mean)

Ta