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Effects of Saccharomyces cerevisiae and Spirulina platensis on
Growth Performances and Biochemical Parameters in Rabbits "

Nilay SEYIDOGLU '  Nurten GALIP
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Makale Kodu (Article Code): KVFD-2013-9988

Summary

A feeding trial was conducted to evaluate the effect of live yeast culture Saccharomyces cerevisiae (SC) and Spirulina platensis (SP) on the
growth performance and serum biochemical parameters in rabbits. Forty, male New Zealand white rabbits, aged 5-6 weeks, were studied in
4 groups. The groups; . Control (basal diet), Il. SC (added 3 g/kg diet), lll. SP (added 5% of the diet), IV. SC and SP (added 3 g/kg SC and 5%
SP of the diet), respectively. The experiment lasted for 90 days. Blood samples were obtained by ear venipuncture on the 90t day. Also final
body weight, total weight gain, total feed intake and feed conversion ratio were evaluated at the each month of the 90t day trial. There were
no significant differences occurred in growth performances and biochemical parameters, but serum globulin value decreased and albumin
globulin ratio increased in SP and SC+SP groups (P<0.05). More studies would be necessary to elucidate the effects of supplementing spirulina
on growth and determine the optimum dietary concentration in animals.

Keywords: Rabbits, Saccharomyces cerevisiae, Spirulina platensis, Growth performance, Serum biochemical parameters

Tavsanlarda Saccharomyces cerevisiae ve Spirulina platensis’in
Biliylime Performansi ve Serum Biyokimyasal Parametreleri

Uzerine Etkileri

Ozet

Bu arastirma canli maya kultiirii Saccharomyces cerevisiae (SC) ve Spirulina platensis (SP)'in tavsanlarda biylme performansi ve serum
biyokimyasal parametreleri lizerine etkilerini degerlendirmek icin yapildi. 40 tane, 5-6 haftalik beyaz Yeni Zelanda tavsani 4 gruba ayrildi.
Gruplar sirastyla; I. Kontrol (bazal diyet), Il. SC (3 g/kg yeme ilave edildi), lll. SP (%5 oraninda yeme ilave edildi), IV. SC ve SP (SC 3 g/kg ve SP
%5 oraninda yeme ilave edildi) olarak belirlendi. Calisma 90 guin stirddi. 90. glin sonunda kulak venasindan kan érnekleri toplandi. Ayrica,
doksan gunlik calismada her ay, son canl agirlik ile toplam canli adirlik artisi ve toplam yem tiiketimi ile yemden yaralanma degerlendirildi.
Buylme parametreleri ve biyokimyasal parametrelerde dnemli farkhlik bulunamadi fakat SP ve SC+SP gruplarinda serum globulin degeri
azaldi ve albumin-globulin orantiise artti (P<0.05). Spirulina ilavesinin bllytime performansi tizerine olan etkilerini aydinlatmak ve hayvanlarda
en uygun diyet konsantrasyonunu belirlemek icin daha fazla calismaya gereksinim vardir.

Anahtar sozciikler: Tavsan, Saccharomyces cerevisiae, Spirulina platensis, bliyiime performansi,
Serum biyokimyasal parametreleri

INTRODUCTION

Single cell proteins like Saccharomyces cerevisiae (SC)
and Spirulina platensis (SP) are considered as alternative
protein sources in animal diets. These natural additives
have been observed in studies of fish [, cattle %, pigs ¥,
chickens *¢ and rabbits V.,

The yeast S. cerevisiae is a well-known probiotic
having positive effects in the treatment and prevention of

diseases "% The positive effect of probiotic can originate
from either their direct nutritional effect or their health
promoting effects such as acting as a bioregulator of the
intestinal microflora and reinforcing the host’s natural
defenses '\, S. cerevisiae contains biologically valuable
proteins, vitamin B-complex, important trace minerals and
several unique “plus” factors. First, Eckles and Williams ['?
reported the use of S. cerevisiae as a growth promoter for

& lletisim (Correspondence)
+90 224 2941272
>4 nilays@uludag.edu.tr
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ruminants. The inclusion of live yeast into animal feed has
been shown to improve the digestibility, efficiency of feed
utilization, and performance of animals >'4, The addition
of Saccharomyces cerevisiae had a growth stimulating
effect and generally, the responses were linearly related
to the concentration of yeast . Onifade et al.” studied
with SC level at 1.5 g/kg and 3.0 g/kg, and they observed
the positive effect on weight gain, feed intake and feed
conversation ratio in rabbits. Eze and Ezema "' suggested
that SC in level of 0.12 g/kg of diet had a beneficial effect
on growth and health status of rabbit. S. cerevisiae. is also
called as single cell protein 9, has been shown to survive
in the gastrointestinal tract while eliminating the potential
pathogenic bacteria residing in channel "7, Also, Kimsé et
al.'® was found that the survival rate of yeast in digestive
tract was higher in rabbits. However, this addition did
not affect the feed intake, feed efficiency and final body
weight of rabbits.

It has been suggested that probiotics binds to bile acids
which results in a reduced serum cholesterol value ',
There are many conflicting studies about the effect of S.
cerevisiae on serum lipid profile in animals. Although some
of the studies showed reduction in cholesterol 5129 the
others demonstrated no benefits """,

S. platensis is a microscopic filamentous alga, which
contains several vitamins, especially vitamin B,,and pro-
vitamin A (beta-carotene). Also, it is rich in polyunsaturated
fatty acids, phycocyanin 22#land phenolic compounds 2.
Over the years, many dietary supplements of S. platensis
have a widespread use. S. platensis has been approved
as a health food by the World Health Organization
(WHO) and it will become one of the most alternative
treatments in the 21 century [?>?%, Researchers have
reported the effects of S. platensis on blood protein and
lipid content 2327281 and their antioxidant, antiviral and
immunmodaulator activities 2*2°3% in animals. According
to some researchers, S. platensis and its extract may
decrease the blood lipid values. Especially, phycocyanin
and polyunsaturated fatty acids in S. platensis may play
an important role in its hypocholesterolemic effect 26231,
Nagaoka et al.”® reported that cholesterol is lowered by
inhibition of the cholesterol absorption from jejunum
and bile acid resorption from ileum with phycocyanin in
S. platensis. In addition, other researchers proposed that
Spirulina platensis may have an effect on the increments
in plasma total protein, albumin and globulin values 32
in animals. These researchers stated that the increased
concentrations of plasma total protein, albumin and
globulin may be related to the high protein contents in S.
platensis (with values ranging from 55-65% and includes
all of the essential amino acids).

Contradictory results are available in the literatures
of dietary Spirulina effects on the growth performances
in rabbits #*% Dalle Zotte et al.B¥ studied with female
rabbits which reached a higher body weight due to high

feed intake with S. platensis addition. The efficiency of S.
platensis for rabbit growing has been tested by Peiretti and
Meineri B4, They showed that the final weight. weight gain
and feed efficiency did not differ significantly among the
dietary treatments, but S. platensis inclusion at a level of
10% gave the highest feed intake. Similary, Gerencsér et
al® had found no statistical differences for final weight
and weight gain.

Although some studies have been performed in the
performance of S. cerevisiae and S. platensis in animals 5623,
the combined effect of S. cerevisiae and S. platensis have not
been addressed yet. This research was aimed to evaluate
the combined effect of S. cerevisiae and S. platensis on
growth performance and biochemical parameters. Also,
there is not enough data about the effects of S. platensis in
animals. So, this study contributes to an understanding
of the literature about S. platensis.

MATERIAL and METHODS

Animals, Groups and Feeding

Forty male New Zealand white rabbits aged 5-6 weeks
with 1000.9 g mean body weight were randomly allocated
on a weight basis to four groups: I. Control, Il. SC (added
3 g/kg diet), lll. SP (added 5% of the diet), IV. Combination
of SC and SP (added 3 g/kg SC and 5% SP of the diet),
respectively. The rabbits were housed individually in metal
cages and provided with separate facilities for feeding and
watering. Feed and water were offered ad libitum to the
rabbits throughout the 90 day trial. Basal diet (pelleted)
was formulated to contain 2.500 kcal ME/kg metabolizable
energy, 16% crude protein and was designed to meet
maintenance requirements according to the NRC B¢l
Chemical composition and ingredients of the diet
are provided in Table 1 and Table 2. Chemical analyses of
diets were carried out according to AOAC B, Basal diet
was supplemented with S. cerevisiae live yeast culture
(Yea Sacc'* Altech. Nicholasville: 1x10° CFU g') and/or
Spirulina platensis.

The experimental protocols were approved by the
Animal Care and Use Committee of Uludag University and
are in accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals. The

Table 1. Chemical composition of basal diet (%DM)

Tablo 1. Bazal diyetin kimyasal icerigi (%Kuru Madde)

Chemical Analysis Diet

Dry matter % 88.89

Crude protein %* 16.00

Ether extracts %* 3.52

Crude fiber %* 10.95

Ash 7.68
* Based on % dry matter
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Table 2. Ratio of feed ingredients (%)
Tablo 2. Yem icerigi oranlari (%)

Ingredients Usage Rate %

Barley 30.00

Corn14 17.61

Rice bran 10.00

Corn bran 3.60

Alfalfa meal 25.00

Soybean meal 46 10.83

Limestone 1.40

Dicalcium phosphate 18 0.28

Salt 0.80

Methionine 0.09

Anticoccidial 0.03

Vitamin premix* 0.25

Antioccidial 0.03

Total 100.00
* Premix: Vit A 4.800.000 IU, Vit D 800.000 IU, Vit E 14.000 mg, Biotin 18 mg,
CH-CL 50.000 mg, Folic acid 400 mg, Niacin 8.000 mg, Pant. acid 4.000 mg,
Riboflavin 2.800 mg, Thiamin 1.200 mg, Pyridoxine 2.000 mg, Vit K 1.600
mg, Zinc 24.000 mg, Iron 2.000 mg, lodine 400 mg, Manganese 32.000 mg,
Selenium 60 mg, Copper 24.000 mg

study was carried out with the permission of Uludag
University Animal Experimentation Local Ethics Committee
(Approval No: 2010-09/01).

Measurements

Initial body weight, final body weight, total body
weight gain, total feed intake and feed conversion ratio of
each rabbit were determined for growth performance
in the each month of the 90" day trial. Blood samples were
collected for non-anticoagulant tubes by ear venipuncture
on the 90™" day from overnight-fasted rabbits. Serum
concentrations of total protein, albumin, globulin, total
lipid, triglyceride, total cholesterol, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-Q), glucose, creatinine, creatine kinase, amylase, lipase,
urea, sodium, potassium, phosphorus, calcium, ferrous
and activities of aspartate aminotransferase (AST), alkaline
phosphatase (ALP) and alanine aminotransferase (ALT)
were determined by “Clima MC15” auto analyzer (RAL,
Barcelona, Spain).

Statistical Analysis

Statistical analyses were performed with SPSS B
(Version 17.0; Chicago.IL). Data were tested for normality
distribution and variance homogeneity assumptions. All
the values were grouped and the means and standard
errors were calculated. One-way ANOVA was applied to the
all parameters to examine the difference between groups.
Differences were considered significant at P<0.05. If the
difference between groups was provided to be significant
(P<0.05), differences evaluated by Tukey's test 5%, On the other

hand, in non-homogenous groups, differences between
means were analyzed by Kruskal Wallis and following Mann
Whitney U test between groups one by one “2,

RESULTS

Performance characteristics of the control and
experimental groups (SC, SP and SC+SP) are presented in
Table 3. There were no significant changes in the growth
performances of the groups, monthly or at the end of
the experiment. Nevertheless there were no significant
changes in the serum biochemical indices, as shown in
Table 4; only the serum globulin value was significantly
(P<0.05) lower and albumin-globulin ratio was significantly
higher in the SP and SC+SP groups compared to the
Control and SC groups. Also, data on serum cholesterols,
enzymes and minerals are summarized in Table 4. There
were no changes in these parameters (P>0.05).

DISCUSSIONS

S. cerevisiae and S. platensis have received attention as
a good probiotic and prebiotic organism that can maintain
growth performance characteristics, and also associated
with health promoting effects. The present study is an
attempt to identify natural effects of SP, SC and SP+SC
combinations for rabbits. According to the results of this
study, although not statistically significant, supplementing
rabbit with a combination of S. cerevisiae and S. platensis
had increased on mean body weight and body weight
gain. The monthly body weight gain, feed intake and feed
conversation ratio of rabbits were not significantly affected
by SC, SP and combination of SC and SP. In addition to,
the feed conversation ratio was affected positively in the
group of feeding S. platensis.

The effect of S. platensis on growth performance values
in animals was determined by some researchers 24142,
Heidarpour et al.” studied with 3 levels of S. platensis (2, 6
and 25 g) in Holstein calves and they reported that there
were no significant differences in weight gain, daily feed
intake and feed conversion ratio. Also, Dernekbasi et al.*?
added 10%, 20%, 30% and 40% S. platensis into diet of
fish and determined no effect on the growth parameters
among groups. However, there are some reports indicating
a significant increase in the body weight gain by dietary S.
platensis supplementation "4, In the present study, there
were no significant differences in growth performances
among the groups, but mean feed conversion ratio was
slightly lower in the S. platensis group than the other groups.
Similar to our results, Peiretti and Meineri 5% observed no
significant differences in growth performances in rabbits
fed with S. platensis supplementation. The mechanisms of
growth promotion of yeast culture in rabbits, turkey poults
and broiler chickens and the positive relationship between
S. cerevisiae and animal performance characteristics have
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Table 3. Growth performances characteristics of rabbits in control and experimental groups (mean+standard error, n=40)

Tablo 3. Kontrol ve deney gruplarinin biiyiime performansi degerleri (ortalamazxstandart hata, n=40)

Traits Control n=10 SCn=10 SP n=10 SC+SP n=10
Initial body weight (g) 1009.20+73.94 1009.56+76.15 1009.20+75.45 1009.20+78.57
Final body weight (g) 2662.40+48.37 2717.78+83.42 2677.00+80.01 2718.80+£100.50
Total weight gain (g) 1653.20+83.78 1680.22+69.89 1695.20+82.56 1709.60+77.93
Total feed intake (g) 7785.40+236.97 8431.33+143.90 7443.40+£292.25 7815.80+£317.52
Total feed conversion ratio 4.79+0.23 5.08+0.22 4.48+0.25 4.60+0.16

First Month (0-30 days)

Live weight (g) 1771.60+44.61 1859.56+63.03 1847.60+63.52 1824.20+£82.00
Body weight gain (g) 762.40+47.98 822.00+48.31 838.40+44.01 815.00+£32.55
Feed intake (g) 2181.60+99.89 2400.00+56.95 2119.00+71.63 2179.80+137.88
Feed conversion ratio 2.99+0.27 2.99+0.18 2.60+0.18 2.67+0.10

Second Month (30-60 days)

Live weight (g) 2353.60+38.17 2398.44+83.07 2386.60+70.12 2398.80+95.18
Body weight gain (g) 582.00+23.81 538.89+37.21 539.00+51.05 574.60+46.54
Feed intake (g) 2990.00+81.09 3377.78+116.04 2862.00+£151.21 2954.20+173.37
Feed conversion ratio 5.19+0.20 6.66+0.77 5.63%+0.45 5.40+0.43

Third Month (60-90 days)

Live weight (g) 2662.40+48.37 2717.78+83.42 2677.00+80.01 2718.80+£100.50
Body weight gain (g) 308.80+26.50 319.33+£30.13 317.80+30.46 320.00+23.70
Feed intake (g) 2853.80+152.88 2986.89+142.84 2552.40+142.01 2861.80+99.18
Feed conversion ratio 9.63+0.66 10.21+1.23 8.68+0.91 9.30+0.62

Table 4. Serum biochemical indices of rabbits in control and experimental groups. (meanxstandard error, n=40)

Tablo 4. Kontrol ve deney gruplarinin serum biyokimyasal degerleri (ortalama+standart hata, n=40)

Biochemical Parameters Control SC SP SC+SP
Total protein (g/dl) 6.78%0.27 6.60+£0.48 6.1320.16 6.30+0.22
Albumin (g/dl) 3.56%0.20 3.90+0.18 3.91+£0.14 4.13+£0.92
Globulin (g/dl) 3.16+0.22° 3.27£0.25° 2.31+0.13° 2.29+0.21°
Albumin/Globulin 1.19+0.12° 1.27+0.12° 1.75+0.13° 1.95+0.18°
Total lipid (mg/dl) 378.50+7.90 385.78+3.55 364.70+7.31 375.70£7.11
Triglyceride (mg/dl) 119.40+£8.24 114.89+10.71 113.40£10.71 107.10+7.97
Cholesterol (mg/dl) 53.60+7.87 62.67+8.12 63.00+10.86 77.00+8.97
HDL cholesterol (mg/dl) 31.60+4.40 30.11+3.18 38.40+5.65 37.90+5.78
LDL cholesterol (mg/dl) 15.25+1.43 17.37+328 16.92+2.34 21.02+5.36
LDL/HDL ratio 0.59+0.10 0.64+0.15 0.50+0.09 0.58+0.15
Urea (mg/dl) 40.90+2.77 37.89+4.30 38.70+2.19 34.90+1.72
Glucose (mg/dl) 138.80+6.23 167.67+15.69 133.9+8.23 130.70+6.94
Creatinine (mg/dl) 0.84+0.08 0.80+0.09 0.81+0.06 0.92+0.05
Creatinine kinase (U/L) 602.80+196.96 556.56+125.89 473.70+115.80 310.40+51.70
Amylase (U/L) 509.40+42.68 425.56+35.01 518.10+40.50 454.10£29.02
Lipase (U/L) 153.60+6.44 163.55+11.95 147.5049.32 156.00+4.49
Phosporus (mg/dl) 6.23+0.24 5.69+0.41 6.34+0.37 5.85+0.32
Calcium (mg/dl) 12.52+0.61 10.73+0.58 10.47+0.74 10.38+0.62
Sodium (mmol/I) 159.30+4.14 167.44+9.18 151.80+8.88 171.50+3.72
Ferrous (mmol/l) 56.19+2.65 51.92+4.45 43.55+5.92 55.84+4.32
Potassium (mg/dl) 4.70+0.21 4.56+0.24 4.61+0.15 4.55+0.20
GOT (U/)) 33.30+6.45 40.67+5.62 36.10+7.03 45.90+8.21
GPT (ALT) (U/]) 56.80+11.20 61.56+6.29 52.00+8.70 66.70+10.82
ALP (U/1) 427.00£29.92 369.67+28.84 402.50+23.87 398.60+31.16
Different superscripts a, b, show differences (P<0.05) between groups

been reported **44I1, Onifade and Babuntae “ studied in S. platensis and S. cerevisiae are used as a supplement
broiler chicks with a diet containing 6.0 g/kg S.cerevisiae  because of their protein, vitamin and mineral content. In the
yeast. They interpreted that yeast may effect on improving  present study, serum globulin value was significantly lower,
feed quality. On the contrary, Lambertini et al.*? and and therefore albumin-globulin ratio was significantly
Chaudhary et al” reported that yeast did not affect live  higher in groups fed SP and SC+SP compared to the
weight, daily weight gain and feed intake in New Zealand  control and SC groups (Table 4, P<0.05). Globulin fractions
rabbits. Also, in our study, growth parameters were not  were not determined in this study, so we do not know the
affected by the addition of the SC (Table 3). source of the decline in the value of globulin. However,
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addition of SP may inhibit the growth of harmful bacteria
in intestine ¢ and the lower value of serum globulin of
rabbits fed at 5% S. platensis may be attributed to the
inhibitory effect of S. platensis against harmful intestinal
microflora. Because harmful enteric bacteria secretes
inflammatory agents and lead to increase in globulin
synthesis of liver or of other tissues such as lymphatic tissue
or plasma cells. S. cerevisiae has also an inhibitory effect
against harmful intestinal microflora ", but the effects of
S. cerevisiae and S. platensis on immune response may be
different from each other. On the other hand, Heidarpour et
al.? studied on albumin, globulin and their assigned ratio
in calves feeding S. platensis in levels of 0, 2, 6 and 25 g/
day, and found no significant effect on serum albumin and
globulin levels among treatment groups. Also, Moreira et
al.®" found no significant effect of S. platensis on serum
albumin and protein levels. However, Mariey et al.® stated
that SP level at 0.2% had a significant increase in plasma
total protein, albumin and globulin in laying hens. Bezeria
et al.’? determined the high serum protein value in lambs
fed 0, 5 and 10 g SP. These researchers suggested that
the high value of serum protein, globulin and albumin
may be due to protein quality and quantity of S. platensis.

S. cerevisiae cell wall component, beta glucan, had a
cholesterol lowering effect was documented by some
researchers 51929 Paryad and Mahmoudi "® reported
reduction in plasma cholesterol and triglyceride value
of chicks which was fed with yeast supplement. These
researchers suggested that yeast may regulate the serum
cholesterol concentrations by deconjunction of bile acids.
However, Payandeh #”, Ozsoy et al.“®, and Yildiz et al.*!
observed that SC did not affect the serum lipid, triglyceride
and cholesterol. Also in the present study, there were
no changes in serum lipid, triglyceride and cholesterol
values of rabbits fed with the S. cerevisiae supplement
(P>0.05, Table 4).

S. platensis is rich in polyunsaturated fatty acids and
phycocyanin 2224, Some researchers B35 reported that
the polyunsaturated fatty acids in S. platensis help to reduce
serum lipid profiles. The addition of 16% of S. platensis
into the rat diet caused to significant inhibition of serum
total cholesterol in the study accomplished by Kato et
al.b%, Also, Nagaoka et al.”® reported that phycocyanin
plays a crucial role in the hypocholesterolemic action of S.
platensis concentrate in rats. These researchers suggested
that phycocyanin may inhibit both jejunal cholesterol
absorption and ileal bile acid reabsorption by binding
bile acid. However, in the present study there were no
changes in these parameters of rabbits fed with S. platensis
supplementation.

Average values of aspartate aminotransferase (AST),
alanin aminophosphatase (ALP) and alanine amino-
transaminase (ALT) in serum of rabbits were revealed no
statistically significant differences between control. SC, SP
and SC+SP groups (Table 4). These enzymes are located

intracellularly in the body including liver, heart and kidney
etc. Their level in the blood is increased when there is
membrane damage in these cells. Hence, normal level of
these enzymes in blood of rabbits fed diet containing 3 g/
kg SC and 5% SP suggests that it has no adverse effect on
the cells of vital organs. These results agree with results
of Shrivastava and Jha 2%, Saied et al.??, Ibrahim et al.5?,
Moreira et al.“"and Sixabella et al.>4.

Administration of S.cerevisiae and S. platensis singly
or in combination had no significant effect on serum
biochemical parameters, except for serum globulin and
albumin-globulin ratio. These results don’t indicate that
these supplements have any positive effects. However,
there was a slightly positive effect of S. platensis on growth
parameters, especially on feed conversion ratio. On the
other hand, although not statistically significant, S. platensis
and S. cerevisiae combination improved the body weight
and body weight gain compared to control. So, S. platensis
may be used as a growth promoter in animals. However,
more studies would be necessary to elucidate the effects
of supplementing spirulina on growth and to determine
the optimum dietary concentration in animals.
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Summary

In this study, it was aimed to investigate that long-term clinical efficacy of modified synthetic capsule technique in treatment of
coxofemoral luxation in dogs. As animal materials, six dogs which different breeds, sex and ages that detected coxofemoral luxation
in clinical and radiological examination were subjected. As different from modified synthetic capsule technique, two cortical screws
were inserted into the dorsal rim about 5 mm away from the acetabular edge at the 10- and 12-o'clock positions for the left hip and the
12- and 2-o'clock positions for the right hip. Also, the transverse hole was created in greater trochanter. Non-absorbable monofilament
suture material was tied to the screw heads previously and then the suture ends were passed as crosswise through the transverse
tunnel in the trochanter major. Subsequently, the suture material was tied on the greater trochanter by stretching following that
the femoral head was placed into the acetabulum. It was seen that there was no complication related with the reduction or screws
in clinical and radiological examinations of the dogs at fourth week. We determined that five dogs recovered “perfect” and one dog
“good” end of sixth months.

Keywords: Coxofemoral luxation, Synthetic capsule technique, Dog

Kopeklerde Kal¢a Eklemi Cikiginin
Modifiye Sentetik Kapsiil Teknigi ile Sagaltimi: 6 Olgu

Ozet

Bu calismada, kopeklerde coxofemoral lukzasyonun sagaltiminda modifiye sentetik kapsil tekniginin uzun dénem klinik
etkinliginin arastirilmasi amaclandi. Materyali, klinik-radyolojik muayenesinde, kalca ¢ikigi saptanan degisik yas ve irkta 6 kopek
olusturdu. Teknigin orijinalinden farkl olarak; sag kalca icin saat 12 ve 2, sol kalca icin saat 10 ve 12'ye denk gelecek sekilde, asetabular
kenardan 5 mm kadar uzada, iki kortikal vida yerlestirildi ve trochanter majore transversal tlinel agildi. Emilmeyen monoflament
iplik 6nce vida baslarina baglandi, sonra caprazlastirilarak trohanter majora acilan tiinel icerisinden gegcirildi. Daha sonra femur basi
asetabuluma yerlestirildi ve iplikler gergin sekilde trochanter major lizerinde diigiimlendi. Dérdiinci hafta yapilan klinik ve radyolojik
muayenelerde kopeklerde rediiksiyon veya yerlestirilen vidalara iliskin herhangi bir komplikasyon yasamadigi gorildd. Altincr ayin
sonunda 5 kopegdin miikemmel, 1 kdpegin ise iyi diizeyde basis sergiledigi saptandi.

Anahtar sozciikler: Koksofemoral ¢ikik, Sentetik kapstil teknigi, K6pek

INTRODUCTION

In small animals, luxation of coxofemoral joint is the the coxofemoral luxations is often craniodorsal and rarely
most common among all joint ™. The coxofemoral luxation  caudodorsal, ventral and medial .,
constitutes 39-90% of all luxations which occur in dogs
have been reported by some investigators 2%, Due to strong The most common causes of the hip joint luxations are
pulling force of gluteal and iliopsoas muscles, direction of  traffic accidents and falling from high. Traumatic luxations
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originate from the shifting of gravity center to outside of
the hip in the cases which suddenly jumped or fell 78, The
joint capsule and also round ligament may completely or
partially tear B,

The basic principles of hip luxation treatment are to
provide stability without damage to joint surfaces for
regenerate the normal functioning of the joint and to
restrict the animal movements for healing surrounding
soft tissues as soon as possible B. Closed reduction is
usually possible in normal joint luxation without any
complication ®¢89 However, closed reduction can be
ideally made in 48-72 hours after trauma %, As increase
of elapsed time, closed reduction becomes more difficult,
because of severity and width of inflammation, fibrosis
and cartilage damage also increases ', Some methods
have been used for supporting of closed reduction such
as Ehmer sling stabilization, ischio-ilial pinning or dynamic
transarticular pinning 2,

The luxation should be treated surgically; if there are
complications such as hip dysplasia existence prior to
trauma, femoral and/or acetabular avulsion fractures, intra
articular fractures, arthrosis and conditions such as multiple
orthopedic injuries or chronic luxation, closed reduction
failure and extreme instability after reduction #1213,
Techniques which are used for the surgical treatment of
coxofemoral luxations can be categorized as extracapsular
such as suture of a joint capsule (capsulorrhaphy) 5512,
synthetic capsule technique 3%, transposition of the
greater trochanter 2612, triple pelvic osteotomy 28 and
intra capsular techniques such as Modified Knowles Toggle
pin fixation B681518 Toggle rod stabilization 78, trans
acetabular pinning 2'¥ transposition of the sacrotuberous
ligament 2021 Additionally, flexible external fixation @,
total hip replacement 2224 and femoral head and neck
osteotomy 222! can be also applied for the treatment of hip
luxation. For surgery, there are different surgical exposures
techniques (such as cranio-lateral or dorsal approach)
which can be selected depending on the method of
surgery, luxation direction, accompanying complications
and physician’s habits ©32729, Postoperative immobilization

should be provided with most of the surgical technique as
with the closed reduction 3928,

The joint capsule repair and tightening following the
reduction is a technique that can be applied for luxations
which occurred with simple tears 3124, Synthetic capsule
technique is performed with eight shape suture between
a transverse hole created in femoral neck (or a screw
placed in the trochanteric fossa) and two bone screws
which is inserted into the dorsal rim of the acetabulum
at the 10- and 1-o'clock positions for the left hip and the
11- and 2-o'clock positions for the right hip. Care must
be taken not to damage to the articular surface during
screwing 38, In intra articular techniques, mostly, caput
femoris and acetabulum are connected to each other by
various materials that mimic an intra-articular ligament.
The major disadvantages of these methods are that they
cause extra damage to the articular surface and may
create predisposition to degenerative joint disease in
long-term ®3%, In the pinning techniques, complications
such as pin tract infection or position changing of pin from
where applied are possible ©3'!, The techniques of femoral
head and neck osteotomy and total hip replacement
are proposed for the dogs with hip dysplasia from mild
to severe and for the animals with complications which
restrain closed and open techniques ..

In the present study, it was aimed to investigate and
present that long-term clinical efficacy of the modification
of synthetic capsule technique which is often preferred
in case with wide joint capsule defect and considered to
cause relatively fewer complications compared to other
techniques for the treatment of coxofemoral luxation.

MATERIAL and METHODS

As materials, six dogs from various breeds and at
different ages which were presented to Adnan Menderes
University Veterinary Faculty Animal Hospital with
complaints of severe lameness or inability to stand up and
detected coxofemoral luxation at clinical and radiological
examination were subjected (Table 1).

Table 1. The distribution of breed, age, gender, body weight, and clinical findings of cases

Tablo 1. Olgularin irk, yas, cinsiyet, viicut agirligi ve klinik bulgularinin dagilimi

No Breed Age (month) | Gender | Weight | PTP (day) | Presentation Diagnosis
1 Mix Breed 24 M 28 kg 4 Severe Lameness (Unilateral) Unilateral Luxation (Right)
. Unilateral Luxation (Right),
2 Pointer 72 M 22 kg 3 Constant Recumbency Femoral Fracture (Left)
Bilateral Luxation, Greater
3 German Shepherd 120 M 26 kg 4 Constant Recumbency e
4 Husky 48 M 25 kg 5 Severe Lameness (Unilateral) Unilateral Luxation (Left)
5 Kangal 18 F 37 kg 3 Severe Lameness (Unilateral) Unilateral Luxation (Left)
6 Mix Breed 72 M 18 kg 4 Severe Lameness (Unilateral) Unilateral Luxation (Left)
M: Male, F: Female; PTP, Posttraumatic Period
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According to the history; each of hip luxation resulted
from traffic accident, 2 of dogs were not able to stand up
and 4 of dogs could not use related legs. Posttraumatic
periods were 3 days for 2 dogs, 4 days for 3 dogs and 5 days
were 1 dog.

During clinical and radiological examination; coxo-
femoral luxations were determined as unilateral of 5 dogs,
3 at the left side and 2 at the right side, and bilateral of 1
dog. There was also femoral fracture in one dog with right
sided hip luxation (case no. 2) and one dog with bilateral hip
luxation (case no. 3) had also greater trochanter fracture.
All of luxation was cranio-lateral direction, with one
ventral direction exception (case no. 3, bilateral luxation).
Treatment of the luxation in ventral direction of the dog
which had bilateral luxation was not included the study.
Furthermore, in study animals, it was determined that
there were no other complications accompanying luxation
and any stage of the hip dysplasia which exist prior to
trauma by radiological examinations (Table 1).

Dogs underwent surgery following 24 h starving
period. Induction of anesthesia was performed with
combination of atropine sulfate 0.04 mg/kg body weight,
subcutaneously (Atropin®, Teknovet, Turkey), xylazine HCI
0.5 mg/kg body weight (Alfazyne®, Egevet, Turkey) and
ketamine HCI 10 mg/kg body weight (Alfamine®, Egevet,
Turkey), intramuscularly. Anesthesia was maintained with
inhalation of Isoflurane (Forane®, Abbott, Latina, Italy) at a
concentration of 2%.

The dog was placed in the lateral recumbence upon
operating table. After disinfection of the region, the
operation was started with skin incision extended up and
down from front of the greater trochanter by using dorsal

Fig 1. The modified synthetic capsule
technique; A- insertion of the screws into the
dorsal rim; B- the transverse tunnel drilled in
the greater trochanter; C- tying of the suture
material to the head of screws and passing
of the suture as crosswise through the
transverse tunnel in the greater trochanter;
D- tying and stretching of the suture material
on the greater trochanter

Sekil 1. Modifiye sentetik kapsul teknigi;
A- dorsal kenara vidalarin yerlestirilmesi;
B-trochanter major’e agilan transversal kanal;
C- vida baslarina dikis materyalinin baglan-
masi ve ipin trochanter major'deki transver-
sal tlnelden capraz sekilde gecirilmesi;
D- dikis materyalinin trochanter major lize-
rinde baglanmasi ve gerilmesi

approach technique. After dissection of the subcutaneous
tissues, the area where is in the triangle consisting of m.
tensor fasciae latae and underlying rectus femoris at
cranial, m. gluteus at dorsal and vastus lateralis at caudal
was reached as a blunt. The joint capsule and the joint
were exposed by external rotation. The remains of the
round ligament and fibrous tissues were removed from
the joint. Differently from original technique, two cortical
bone screws (3.5@, 22-26 mm) were inserted into the dorsal
acetabular rim about 5 mm away from the acetabular edge
at the 10- and 12-o'clock positions for the left hip and the
12- and 2-o'clock positions for the right hip with a slope
that provide not to enter into the joint (Fig. 1/A, Fig. 2/A,B).
Also, the transverse hole was created in greater trochanter
instead of femoral neck (or a screw placed in the trochanteric
fossa) (Fig. 1/B). Non-absorbable monofilament suture
material (USP:1, Ethilon, Ethicon, UK) was tied to the screw
heads previously (Fig. 2/C), then the suture ends were
passed as crosswise through the transverse tunnel in the
trochanter (Fig. 1/C). Subsequently, the suture material was
tied on the greater trochanter by stretching following that
the femoral head was placed into the acetabulum (Fig. 1/D
and Fig. 2/D). During above mentioned tying procedure,
the femoral head was compressed into the acetabulum.
The joint capsule was sutured within the possibilities. Skin
and subcutaneous tissues were closed routinely.

Ehmer sling was applied to all dogs for one week after
the surgery. Postoperative antibiotic, cefazolin sodium (20
mg/kg body weight, IM, lespor®, I. E. Ulagay, Istanbul) and
anti-inflammatory drug, carprofen (2 mg/kg body weight,
PO, Rimadyl®, Pfizer, Zavantem, Belgium), were prescribed
to the all of cases for 5 days. After a week, weight bearing
of the related leg was allowed.
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Fig 2. Implementation of the modified
synthetic capsule technique during the
operation; A, B- insertion of the screws into
the dorsal acetabular rim; C- tying of the
suture material to the head of screws; D-
tying and stretching of the suture material
between the screws and greater trochanter

Sekil 2. Operasyon sirasinda modifiye
sentetik kapsil tekniginin uygulanisi; A,B-
dorsal asetabular kenara vidalarin yerles-
tirilmesi; C- vida baslarina dikis materyalinin
baglanmasi; D- dikis materyalinin vida bas-
lari ile trochanter major arasinda baglan-
masl ve gerilmesi

Table 2. At postoperative periods, start of weight bearing (post-operative day) and lameness scoring (at week 1, 2, 4) of dogs

Tablo 2. Kbpeklerin operasyon sonrasi dsnemde agirlik tasimaya basladiklari siire (postoperatif giin) ve topallik skorlari (1, 2 ve 4. haftada)

Case Start of Weight Bearing Lameness Scoring (Postoperative)

No (post-op. day) Week 1 Week 2 Week 4

1 9 Severe Mild Not Exist

2 12 Severe Moderate Not Exist

3 14 Severe Moderate Mild

4 10 Severe Moderate Not Exist

5 8 Severe Mild Not Exist

6 9 Severe Mild Not Exist

RESULTS Skin sutures were removed at second week controls. No

Clinical and radiological examinations were performed
for all cases at weeks 1, 2 and 4 (Fig. 3). For lameness
evaluation, each of the dogs was observed by investigator
while an assistant made the dog walk at least 10 m and
lameness status was scored as; not exist, mild, moderate
and severe (Table 2).

At first week radiological examination, there was no
problem in terms of the reduction in all of cases and then
Ehmer slings were removed. None of the dogs were able
to use the related legs. However, it was learned that one
dog started to use the related leg on the day after, two
dogs on 2 days after and one dog 3 days after removal
of the Ehmer sling, with limping at different stages from
the owners. Also, it was expressed that the dog with
bilateral hip luxation were not able to stand up without
support and the dog with right sided hip luxation plus
left sided femoral fracture stood up with aid of the right
leg but received support from bandage on left side while
standing up.

infection-related complications were determined within
this time period in all of cases. During clinical examination,
3 of dogs could use the related legs with frequently and
one dog occasionally. The bandage on the dog’s left sided
femoral fracture, which applied after fracture repair, was
removed and the dog started to use the right leg more.
Besides, the dog with bilateral luxation was reluctant to
stand up and showed rotational weight bearing between
two rear legs, but more used the leg which performed
synthetic capsule technique.

Clinical and radiological examination findings at fourth
week were as follows; there was no complication related
with reduction or screws in all of dogs, 3 of dogs were
able to walk without limping and one dog with slightly
limping, the dog with right sided hip luxation plus left
sided femoral fracture could walk with the right side as
completely healthy and with the left side as slightly limping
and the dog with bilateral luxation (for treatment of right
hip luxation with greater trochanter fracture, femoral head
and neck osteotomy was performed) was not able to use
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Fig 3. Preoperative (A) and postoperative 1 week (B) radiographs of
the Case 6 (72 months old male mix breed dog)

Sekil 3. Alti numarali vakanin (72 aylik, erkek melez kdpek) preoperatif
(A) ve postoperatif 1. hafta (B) radyografileri

both leg fully, but weight bearing mostly was performed
with the leg which performed synthetic capsule technique.

The subsequent follow-up of the dogs were continued
until 6™ postoperative month for 3 of dogs and 12"
postoperative month for others by phone call. At the end
of these periods, it was learned that the 5 dogs which had
“Not Exist” lameness score at week 4 were completely
healthy and the one dog (case no. 3) could use both leg
similarly but uncoordinatedly.

DISCUSSION

The mechanism of trauma-related hip dislocations;
when the dog began to fall in the direction of impact
force, the affected leg becomes adducted and the hip
moves in ventrolaterally toward the ground. The adducted
femoral head directs outward from the acetabulum to the
extent permitted by the joint capsule and round ligament.
When greater trochanter hits the ground, kinetic energy
is transmitted to the caput femoris through the collum
femoris. Caput femoris moves upward from acetabular
rim, round ligament and joint capsule tear. Usually, caput
femoris remains in craniodorsal position because of gluteal
muscles contraction ..

Based on this mechanism, it is understood that the
restriction of the adduction of the leg is very important for
prevention of reluxation in the postoperative period when
joint capsule has not recovered yet. In our technique,
distal screw was placed slightly cranially then the original
synthetic capsule technique. Femoral connection was
established by the transverse hole in the greater trochanter
which is relatively more proximal instead of femoral neck
(or a screw placed in the trochanteric fossa). Thus, it was
hypothesized that the possibility of reluxation would
reduce because of suture material tightening in this way
would lead to more adduction and internal rotation of

the leg. The original synthetic capsule technique has also
restrictive effect on adduction and external rotation of the
leg similar to Ehmer sling ®. In our study, to improve of
those effects of original technique was intended.

Closed reduction is possible for normal hip joint
within 48-72 h after luxation. If the luxated hip joint waits
longer time, the probability of pathological changes of
femoral head and acetabulum will increase ™2#1%, Small
osteochondral fragments or hemorrhage may cause to
closed reduction failure by joint movement restriction. The
round ligament and inward folding of the joint capsule
may prevent reduction of the femoral head ®.

According to history, posttraumatic period of the dogs
included in the study was range 3-5 days. For this reason,
it was thought that open reduction is a healthier option.
Study was carried out on a series of 6 cases. The dogs which
successful closed reduction could be performed and the
dogs which the modified synthetic capsule technique
was found unenforceable because of any stage of hip
dysplasia or accompanying complications were not
included in this study. For this reason, the number of cases
remained limited.

There are numerous methods which perform successfully
for open reduction of hip joint. For hip luxation treatment,
the options which have minimal intraoperative and post-
operative complications possibilities should be considered.
The joint capsule repair and tightening following the
reduction is a technique that can be applied for luxations
which occurred with simple tears 2>, that's why indication
of this method is a relatively limited. The reduction with
Toggle pin can be disrupted by suture breaking between
femoral head and acetabulum %32, |In a study, traumatic
craniodorsal coxofemoral luxations in cats and small
dogs were treated successfully by using using a modified
Knowles technique, but mean weight of included dogs in
this study was 15 kg 1"l In another study which compared
toggle rod and suture anchor, it was reported that toggle
rod constructs failed primarily by breakage of the suture at
the rod eyelet and suture anchor constructs failed when the
anchors pulled through the medial acetabular wall U7 In
two different studies which used toggle rod with 62 dogs
and 13 dogs, reluxation rates were declared as 11% ¥ and
23% B3, respectively. Besides, intraarticular stabilization
methods may cause articular damage and subsequent
arthrosis 3% The complications related with transarticular
pinning or De Vita pinning such as pin migration, pin
loosening, septic arthritis, sciatic nerve injury, subluxation,
femoral head and neck osteonecrosis, penetration to
colon and rectum has been reported 8, There is limited
information about flexible external fixator because of
it has not been widely used. Possible complications of
this technique are hemorrhage, sciatic nerve damage,
pin loosening, pin track drainage and disruption of the
flexible band ©3Y. Additionally, total hip replacement 2224
and femoral head and neck osteotomy 2252 can be also
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applied for the treatment of hip luxation, however these
techniques are usually preferred, if there is degenerative
joint disease. In a multicenter internet based study on
assessment of canine total hip replacement in 170 dogs,
there were only 6 dogs which applied total hip replacement
with coxofemoral luxation treatment indication 24,

Lower complication rate, higher clinical healing
rate ®1330343¢ and also 0 to 6% reluxation rate based on small
number case series '“3*¥ has been reported on synthetic
capsule technique. In our study, 4 dogs of 6 had (case no.
1, 4, 5, 6) only unilateral coxofemoral luxation without
complications and Dog 2 had femoral fracture and Dog
3 had right hip luxation with greater trochanter fracture
together with the opposite side hip luxation. Four dogs
which have only coxofemoral luxation began to use their
related leg within 7-9 days. The other two dogs needed
more time (12 days for Dog 2 and 14 days for Dog 3) to start
using their leg which applied modified synthetic capsule
technique. The dog with bilateral luxation (for treatment
of right hip luxation with greater trochanter fracture,
femoral head and neck osteotomy was performed) was
not able to use both leg fully, but weight bearing mostly
was performed with the leg which performed synthetic
capsule technique.

No sign of infection was observed in postoperative
period. 5 of all dogs healed with almost excellent degree.
According to information from Owner, one dog (case no.
3) could use both leg similarly but uncoordinatedly. No
reluxation occurred in all of cases.

In a study on femoral head and neck osteotomy, it was
indicated that weight is not as much effective as age on
the outcome, when the dogs were grouped as under and
above 10 kg body weight ¢ However, according to some
sources, femoral head and neck osteotomy require the
dog below 17 kg ™ or 22 kg B body weight. Acar et al.*¥
reported that toggle pin technique is appropriate for the
dog below 10 kg body weight based on the observation
of reluxation in 3 of 4 dogs which weighing over 10 kg
in their study. In our study, all of the dogs were weighed
over 17 kg and only one dog was weighed below 22 kg,
however 5 dogs healed completely, including even the
dog which weighed 37 kg. Besides, it was thought that
the uncoordinated walking of the one dog (case no. 3)
might be resulted from spinal nerve injury which occurred
during trauma. These results have led us to consider
that the technique is effective regardless of the weight of
the dog.

Smith et al.” has been indicated the hip luxation does
not arise from individually rupture of the round ligament,
joint capsule or dorsal acetabular rim. The hip luxations in
small animals mostly result from simultaneous rupture of
the round ligament and the joint capsule "%, Based on this
information, it was thought that the strong joint capsule
can support position of femoral head within acetabulum.

The expectation of the synthetic capsule technique
is the formation of organized scar tissue and remodeling
of the joint capsule provide stabilization of reduction 538,
Some studies on hip luxation and subsequent joint capsule
and ligament healing showed that fibrous reaction of
the joint capsule and round ligament healing occurred at
14 day #%. Also, using of Ehmer sling or other temporary
stabilization materials for 2 weeks has been shown to be
effective enough in ensuring the long term stability of the
joint 3 In our study, although Ehmer sling removed from
all of dogs 1 week after surgery, no reluxation occurred.
This results were attributed to modification of the original
technique more limits the joint movement by providing
more adduction and internal rotation.

As a result, postoperatively, infection signs, the hip joint
laxity or reluxation were not determined in clinical and
radiological examinations. Although a precise comment
could not be made about contribution of the modification
to the prevention of reluxation because of 7 days Ehmer
sling application, the lower reluxation rate (0%) compared
with reported reluxation rate of original technique (%6)
seem to be advantage.
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Summary

In the present study based on clinical case reports, twelve dogs (7 males, 5 females) between the ages of 5 and 11 years old, with clinically diagnosed
osteoarthritis of the elbow joint were undertaken for comparison of the therapeutic effect derived from the standard non-steroidal antiinflammatory
drug (NSAIDs) treatment with novel, autologous adipose-derived mesenchymal stem cell (AdMSCs) application. Animals were not under any treatment
for 3 last months before the diagnosis. Individuals from experimental group were treated with autologous adipose-derived mesenchymal stem cells,
while individuals from control group received Mavacoxib (Trocoxil). After 0, 60, 90 and 180 days of the treatment, all individuals were clinically evaluated.
Additionally, examination of synovial fluid from all of the animals was performed after 0, 60, 90 and 180 days. The CT analysis were performed at day 0 and
180 days after the treatment. The AAMSCs therapy in the case of elbow joint degeneration (OA) decreased the discomfort and reduced accompanying
clinical symptoms like pain, stiffness when walking and lameness. In contrast, though the animals from control group showed the improvement during
first period of experiment, the OA symptoms reoccurred 90 days after the application of NSAIDs. This work is the first report that not only describes the
picture of clinical examination, but is also based on synovial fluid analysis and CT evaluation. The injections of autologous stem cells did not exhibit any
adverse reactions, which confirms the safety of this method. Our research confirmed the efficiency of AAMSC injections for the treatment of elbow joint
osteoarthritis in dogs, which improve the clinical picture and the patients’ condition, however without the regresses of osteofites.

Keywords: Adipose-derived mesenchymal stem cells, Canine, Elbow joint diseases, Osteoarthritis

Kopeklerde Dejeneratif Dirsek Eklemi Bozuklugu Tedavisinde
Non-steroidal Antiinflamatuar Ajan (NSAIA) Uygulanmasindan
Sonra Adipoz Doku Kokenli Otolog Mezenkimal Kok Hiicrelerin

(ADkOMKH) Faydasi - Oniki Olgu

Ozet

Bu calisma klinik olarak dirsek ekleminde osteoartritis tespit edilen, standart non-steroidal anti inflammatuar ilaglardan (NSAIA) tretilmis terapotik
ilacla tedavi edilen 5-11 yas arasinda, oniki (7 erkek, 5 disi) kopekte, adipoz doku orijinli otolog mezenkimal kok hiicrelerin (ADKOMKH) etkinligini
karsilastirmak icin yapilmistir. Teshisten 6nce hayvanlara 3 ay boyunca herhangi bir uygulama yapiilmamistir. Deneysel gruptaki bireyler adipoz kokenli
otolog mezenkimal kok hticrelerle tedavi edildi, buna karsin kontrol grubun bireylerine Mavacoxib (Trocoxil) uygulandi. Uygulamanin 0, 60, 90 ve 180.
glinlerinde, her bir birey klinik olarak muayene edildi. Ayrica, tim hayvanlardan 0, 60, 90 ve 180. giinlerde ilgili eklemlerden alinan siynovial sivilarin
analizi yapildi. Ayrica, 0 ve 180. giinlerde CT analizi yapildi. Dirsek eklemi dejenerasyonunda (OA); ADKOMKH ile tedaviye alinan hayvanlarda; agri,
yurirken olusan sertlikler, topalliklar gibi klinik semptomlar hafifledi. Kontrol grubundaki hayvanlar da deneyin ilk peryodun da gelisme gorilmesinin
aksine, OA semptom’unun NSAIA uygulamasindan 90 giin sonra tekrarladigi gézlendi. Bu calisma, sadece klinik incelemenin goriintiisiinii anlatan bir
calisma degil ayni zamanda siynovial sivi analizi ve CT degerlendirilmesine dayanan ilk calismadir. Otolog mezenkimal kék hiicrelerin uygulanmasi
metodun giivenligini onaylayarak, herhangi bir istenmeyen reaksiyon sergilemedi. Bu ¢alisma, ADMSC uygulamasinin kopeklerde osteofitik gerileme
olmaksizin; dirsek eklemi osteoartritisindeki verimliligi artirmis, klinik bulgulari ve hasta kondiisyonunu gelistirmistir.

Anahtar sézciikler: Adipoz-kbkenli mezensimal kék hticreler, KGpek, Dirsek eklemi bozuklugu, Osteoartritis
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INTRODUCTION

In recent years, an increasing percentage of degenerative
joint diseases have occurred in the practice of small animal
veterinary medicine. This is due to several reasons, the
most important of which is the genetics factor. It often
does not show any signs in the early stage of ontogenesis
but symptoms appear in later periods of life 2, One of
the most often occurring locomotive system disorders
in dogs is elbow joint degeneration (EJD). This disease
results in movement disturbances and consequently, may
lead to different stages of lameness and/or a stiff gait.
These symptoms may increase with exercise, long periods of
inactivity or cold weather. Also, a high degree of pain and
inflammation usually accompanies this disease.

EJD treatment is based mainly on steroidal and
non-steroidal anti-inflammatory drug application B.
Unfortunately, this treatment does not support the
regeneration of damaged articular cartilage but only
relieves pain and reduces the inflammatory process.
Moreover, prolonged usage of the above mentioned drugs
may indirectly lead to clinical complications and bring
unsatisfying treatment progress . Therefore, alternative
treatment strategies should be established.

Last decade resulted in the discovery of mesenchymal
stem cells and their pro-regenerative abilities 57\, This
population of adult stem cells is common in many
tissues, including bone marrow and subcutaneous fat.
Mesenchymal stem cells are characterized by a high
capacity for self-renewal and plasticity for differentiation,
thus giving hope of returning to full efficiency before
the disease state. Mesenchymal stem cells (MSC) are a
promising tool in current veterinary medicine, which is
confirmed by an increasing number of clinical trials #91.
Experiments performed both on animal and human beings
showed that low differentiated MSC are able to differentiate
into specialized cells within the wound site, as well as
having paracrine and endocrine abilities that support the
regeneration of damaged tissues %, Additionally, MSC also
show immunomodulatory properties since they are able
to interact with T-cells and suppress their inflammatory
reactions ', This feature results in a decrease in pain and
inflammation during cellular therapy "2,

In our current research, we focused on the clinical
effects of autologous mesenchymal stem cell therapy
in dogs suffering from elbow joint degeneration, with
regards to gold standard (NSAIDs). We confirmed the
results of similar work showed by Black et al., and
additionally showed the data obtained from computer
tomography observations and synovial fluid analysis.
Our results confirmed the advantage of autologous
AdMSCs intraarticular injections over the standard NSAIDS
treatment in improving the clinical picture and the
patients’ comfort of life.

MATERIAL and METHODS

Ethical Approval

Ethical Approval The experiment was conducted with the
approval of Bioethical Commission, as stated by the Second
Local Bioethical Commission at the Department of Biology
and Animal Breeding, at University of Environmental and
Life Sciences in Wroclaw, Chetmonskiego 38C, Poland (dec.
number 177/2010 from 11.15.2010).

Qualification of Patients

For the medical experiment, twelve dogs were used (7
males, 5 females), between the ages of 5 and 11 years old.
The breeds of the dogs were as follows: German Shepherd
(4 individuals), Labrador Retriever (2 individuals), Boxer (2
individuals) and 4 crossbreeds, all of whom suffered from
elbow joint degeneration that occurred at least 5 months
before the therapy. Patients’ weight was determined to
be between 25 and 50 kg. The animals’ owners signed
the approval for experimental therapy, while this research
is based on results from clinical case reports obtained
for last two years in Surgery Department of University of
Environmental and Life Sciences in Wroclaw. Before the
qualification to the therapy, blood tests were performed
on all of the dogs for evaluation of their general condition
and exclusion of any present comorbid diseases. In the
clinical lameness evaluation, the lameness scale was
applied, in which the 0 means no lameness and the 6 is
the full walking disability. All animals undertaken to this
study manifested walking disorders characteristic of
osteoarthritis (OA), including lameness both in walking
and trotting (2 and 3 from 6-ranged scale), limitation
in range of movement and pain during manipulations.
Computer tomography and synovial fluid analysis was
performed in all of the qualified animals. According to
the similarities in clinical symptoms, dogs were split into
2 groups with randomized individuals: the experimental
group qualified for stem cell application consisted of
8 individuals, and the control group that undergo the
NSAIDS treatment consisted of 4 individuals. Evaluations of
synovial fluid were performed at day 0, 90 and 180 after
treatment, while CT analyses were done at day 0 and 180.
Clinical evaluations were performed at day 0, 60, 90 and
180. The control group consisted of one German Shepherd
(6 years old, male), one Boxer (10 years old, female), one
Labrador Retriever (5 years old, male) and one crossbred
(8 years old, male), weighing between 25 and 50 kg.
The experimental group consisted of the remaining 8
individuals (3 German Shepherds (5-10 years old, 1 male, 2
females), 1 Boxer (12 years old, female), 1 Labrador Retriever
(5 years old, male) and 3 crossbreds (7-11 years old, 2
males, 1 female) ), weighing also between 25 and 50 kg.

Computer Tomography

Prior to CT investigation, animals were sedated by a
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combination of Medetomidine (Cepetor, 10-20 ug/kg bw)
with Butorphanol (Butomidor, 0.1-0.2 pg/kg bw) using
intravenous cannula. In specific situations, animals were
introduced into primary sleep using Propofol (Scanofol, 1
mg/kg bw). The examinations were performed by means
of 16-row computer tomography (Siemens Somatom
Emotion). CT investigations were performed in dorsal-
ventral position of all qualified patients.

Fat Tissue Collection

Dogs from the experimental group were sedated
with Medetomidine (20 pg/kg,) intramuscularly and with
Butorphanol (200 pg/kg) intramuscularly. The area of
iliac crest was prepared according to the surgery rules,
followed by infiltration anesthesia with Lignocaine (2%).
Afterwards, a sample of about 5 grams of adipose tissue
was collected from all of the experimental animals for
isolation and multiplication of MSC in vitro. Tissue samples
were processed in sterile conditions under the laminar
hood. Biopsies were washed with Hank’s Balanced Salt
Solution (HBSS, Sigma Aldrich) for any blood traces.
Afterwards, tissues were minced and placed in collagenase
solution (5 mg/mL, Sigma Aldrich) for 40 min at 37°C.
After the digestion process, samples were centrifuged at
1200 g for 10 min for separation of mononucleated cells
from the released oil and undigested tissue remnants. Cell
pellets were re-suspended in a primary culture medium
(DMEM:F12/Ham’s with 10% of FBS and 1% of penicillin/
streptomycin/amphotericin b, Sigma Aldrich) and placed in
25 cm? tissue culture flasks at a concentration of 5x10* cells/
cm? Cultures were maintained in a humidified incubator
with 37°C and 5% CO,. After two days, the primary culture
medium was changed to a secondary culture medium
(DMEM with 4500 mg/L of glucose, 15% of FBS, 1% of
penicillin/streptomycin/amphotericin b; Sigma Aldrich)
and the cultures were propagated for the next five days.
Before the application the cells were passaged twice. The
time from adipose tissue collection to stem cell application
was between 7 and 10 days. Cells were evaluated for
proper morphology, phenotype (CD29*, CD44*, CD45,
CD105%) and behavior, in accordance with our previous
research and the criteria determined by International
Society for Cellular Therapy "#'4. Microbiological tests
were performed during the entire culture course for
exclusion of any bacterial or fungal contamination. After
multiplication, cells were collected in sterile 0.9% NaCl;
counted and evaluated for viability, using the Thoma
counting chamber and trypan blue exclusion methods.
Afterwards, cell suspensions were collected into the syringe

at a concentration of 1.5x10° cells/mL and transported
immediately to the clinic.

Treatments

In experimental group, every individual received single
injection of prepared autologous stem cell solution intra-
articularly (1 ml/joint) to the elbow joint, two weeks after
the collection of adipose tissue. Prior to the injection,
animals were sedated using Medetomidine (20 pg/kg
bw.) intramuscularly and with Butorphanol (200 pg/kg)
intramuscularly, and the joint sites were prepared aseptically.
The patients’ owners were counseled to continue on
prescribed rehabilitation program or walk their dogs two
times a day. In the control group, animals were only treated
with NSAIDs, which was Mavacoxib (Trocoxil, 2 mg/kg bw.)
applied for six months (at day O, 14 and once every next
30 days), administered orally.

RESULTS

In a clinical examination on day 0, all 12 dogs
manifested strong lameness of 2 and 3 degrees. In some
cases, lameness was stronger during walking while others
during a trot. At day 60, a clear improvement in the control
group was noticed. Symptoms like stiffness in walk, pain
and/or movement disabilities were prominently reduced.
In dogs from the experimental group being treated with
autologous stem cell applications, slight improvements
were noticed at day 60, with decrease in lameness both in
walk and in trot, and decrease in pain during manipulations.
At day 90 in the control group, the results from clinical
evaluation remained unchanged - the symptoms of
movement disorders remained at the same level, while
the pain was intensified, especially during manipulations.
In experimental animals clinical results continued to
improve - symptoms like walking stiffness and lameness
or pain were found in only 3 of the 8 individuals from
AdMSCs group. At day 180 in the experimental dogs, the
clinical evaluation did not reveal any symptoms of walking
disorders - lameness during walking and trotting and pain
during manipulations were completely reduced. Only the
range of movement in the joints remained at a constant,
limited level. On the other hand, animals which received the
NSAIDs manifested prominent lameness at the higher level
than in day 0. The averaged results are shown in Table 1.

The results from synovial fluid analysis correlated
with clinical pictures of the examined animals. At day
0 in all 12 dogs, characteristic signs of chronic joint

Table 1. Mean results of lameness evaluation + standard deviation at day 0, 60, 90 and 180

Tablo 1. Laminitisin gelisiminde ortalama sonuclarin 0, 60, 90 ve 180. gtinlerdeki standart sapmasinin + degerlendirilmesi

Group Day 0 Day 60 Day 90 Day 180
AdMSCs 2.5+0.53 1.87+0.64 0.37+0.51 0.12+0.35
NSAIDs 2.3+0.57 1.5+0.57 1.5+0.5 3.75£0.5
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degeneration were detected. The leukocyte level was
determined below 6 x 10%/L, neutrophil level between 5
to 12%, and mononuclear cells in the range between 86
and 98 (individual cells). The synovial fluid was evaluated
from light-yellow to colorless, clear, and in 7 cases slightly
turbid. At day 90 in dogs from the control group, these
parameters remained unchanged. Synovial fluid was
determined slight turbid, however leukocyte, neutrophil
and mononuclear cell levels were decreased. Clinical
improvement was observed in the experimental group
treated with stem cell therapy. Only in 2 cases was the
synovial fluid turbidity maintained, and only 1 of the 8
was viscosity still decreased. Remaining parameters were
within the normal range, where the leukocyte number
was determined below 4 x 10%L, and the percentage of
neutrophils decreased below 5%. At day 180 in the control
group, the results showed deterioration. The leukocyte,

Fig 1. Computer tomography pictures showing changes in the elbow
joint in dog from experimental group before (day 0, A) and 180 days
after the application stem cells (B)

Sekil 1. Deney grubunda, 0. glinde (A) ve 180. glinde kok hiicre
uygulamasindan sonra (B) képek dirsek eklemineki degisimini gosteren
bilgisayar tomografi resmi

neutrophil and mononuclear cell levels were increased,
and no increase in synovial fluid viscosity was noticed.
In the experimental group, the synovial fluid analysis
showed no signs of chronic inflammation. The number of
leukocytes, as well as neutrophils and mononuclear cells
was determined to be within normal range. In one case,
persistent synovial colorless, with normal viscosity. The
averaged results are shown in Table 2.

Computer tomography investigations in animals of
both groups revealed osteoarthritis of elbow joint with
prominently visible degenerative changes on medial
epicondyle of humerus. The administration of AdMSCs
in experimental group did not result in improvement of
superficial bone changes.

Fig 2. Computer tomography pictures showing changes in the elbow
jointin dog from control group at day 0 (A) and day 180 of experiment
(B)

Sekil 2. Kontrol grubunda deneyin 0. glinde (A) ve 180. giinde (B)
kopek dirsek eklemi degisimini gosteren bilgisayar tomografi resmi

Table 2. Mean results + standard deviation of synovial fluid analysis at day 0, 90 and 180 in experimental and control group

Tablo 2. 0, 90 ve 180. glinlerde ki siynovial sivi analiz bulgularin standart sapmasi +

Day 0 Day 90 Day 180
Group
L/N%/M SFCol/SFClar/SFV L/N%/M SFCol/SFClar/SFV L/N%/M SFCol/SFClar/SFV
EXP 4.12+0.83/9.1+2/ | Colorless/slight turbid/ | 2.37+£0.91/3.1£1.6/ Colorless/clear 2.37+0.74/2.75£1.39 Colorless/clear
94.5+2.4 decreased 93.4+1.6 /normal /90.5+2 /normal
CTRL 4+1.41/10.2+3.3/ | Colorless/slight turbid/ | 3.75+2.06/5.7+3.9/ Colorless/slight 4.5+1.29/9+2.58 Light yellow/slight
94+2.8 decreased 93.7+2.1 turbid/decreased /97.2+0.95 turbid/decreased

L/N%/M - Leukocyte number (x10°/1)/Neutrophil percentage/Mononuclear cell number; SFCol/SFClar/SFV - Synovial fluid color/Synovial fluid clarity/Synovial

fluid viscosity
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DISCUSSION

Presently, many dogs of different age and breed suffer
from degenerative joint disorders (DJD). Since 1990, the
Orthopedic Foundation for Animals has noticed that 78
breeds are predisposed to DJD, of which 1.2% to 47.9%
suffer directly from elbow joint degeneration (EJD) !l
This disorder results in various degrees of lameness and
pain, but in some cases it shows no prominent clinical
manifestation ', Among many locomotive system disorders
in dogs, osteoarthritis (OA) of the elbow joint has no
satisfactory treatment yet. Optimal therapy should
guarantee the full recovery of physical activity and
considerable pain reduction. The existing methods of
OA treatment are based primarily on the application of
steroidal and/or non-steroidal anti-inflammatory drugs,
which act only temporarily 7, One of the most promising
treatment methods is the auto-transplantation of
mesenchymal stem cells isolated from adipose tissue '8,
In current research, we decided to treat patients with
elbow joint OA using this novel method for evaluation
of its actual efficiency. Our previous studies " showed
beneficial effects of AAMSCs applications in equine hoof
fractures and tendon disorders. These results, also
confirmed by other clinical groups, support the thesis that
AdMSCs application may induce the tissue regeneration
processes 2", Our findings suggest that mesenchymal
stem cells work multi-directionally. Because of their multi-
potent character and self-renewal capacity, AdMSCs
might differentiate into chondrocytes under suitable
circumstances. This leads to cartilage regeneration and
thus recovery of physical activity. Most likely it may be
caused by the paracrine effect of stem cells, which when
introduced into an inflammatory environment, respond
by shedding mesenchymal microvesicles (mMVs), as was
reported by other groups 2. An additional advantage
of stem cell therapy is the immunomodulatory action
of MSC I, which leads to a decrease in local joint
inflammation. Therefore, we can conclude that auto-trans-
plantations of adipose-derived mesenchymal stem cells
may also be utilized as anti-inflammatory agent, without
causing adverse reactions seen after prolonged NSAIDS
application. This thesis can be supported by our results
from a cytological examination of synovial fluid, where
the decrease in infiltrating inflammatory cells was noticed.
Although the tendency is clear, the statistical analysis
could not be performed because of the low number of
individuals included in this research. Also no double
blinded examination was performed, since this work is
based on observations done from particular case reports.

The analysis of computer tomography pictures revealed
that presence of significant osteophytes remained un-
changed, both in experimental and control groups. It
suggests that stem cell therapy treatment cannot decrease
the quantity of osteophytes, although it brings the relief
in pain and inflammation. According to other groups’

findings ¥, we assume that these beneficial effects strictly
correlate with stem cell paracrine action.

After the application of stem cells, none of patients
exhibited any adverse reaction, which confirmed the
safety of this method. In the first evaluation period of the
expe