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Ozet: Arastirmada, kronik bobrek yetmezligi (KBY) gozlenen kedilerde hematolojik ve biyokimyasal degisikliklerin incelen-
mesi ve bulgularin hastaligin derecelendirilmesinde kullanilmasi amaglanmistir. KBY tespit edilen ve yaslar1 3-12 arasinda degisen
22 disi kedi ile ayn1 yaslarda ve klinik olarak saglikli goriinen 10 disi kedi (kontrol) aragtirmanin hayvan materyalini olusturmustur.
Hayvanlara ait idrar 6rneklerinde protein varligi ve dansite; kan drneklerinde hemoglobin, hematokrit deger, alyuvar ve akyuvar
sayilari ile akyuvarlarin % dagilimlari; serum 6rneklerinde ise toplam protein, iire, kreatinin, sodyum, potasyum, kalsiyum, fosfor,
osteokalsin (OC), toplam ALP (t-ALP) ve kemik spesifik ALP (k-ALP) degerleri dl¢lilmiistiir. KBY’li kedilerde poliiiri, idrar
dansitesinde diisiis, azotemi, hipokalemi, hiponatremi, hiperfosfatemi, hiperproteinemi, normositik normokromik anemi ve akyuvar
artigl saptanmig; serum osteokalsin degerleri hasta ve kontrol grupta dl¢lim sinirlarinin altinda (<Ing/ml) bulunmustur. Kan seru-
munda iire ve kreatinin degerlerinin KBYli kedilerde “iiremi” diizeylerine (320.7+38.5 mg/dl) yiikseldigi (p<0.001); kreatinin deger-
lerinin de (6.7710.75 mg/dl) hastaligin ciddi boyutlarda oldugunu gosterdigi saptanmistir. Serum Na ve K degerlerinin hasta kediler-
de 6nemli derecede diistiigii (p<0.05); Ca degerlerinde istatistik dnemli bir degisiklik gdzlenmezken (p>0.05) Pi degerlerinin dnemli
derecede (p<0.001) artis gosterdigi (hiperfosfatemi) saptanmis ve degisiklikler glomeruler filtrasyon hizinda diisiis ve tubuler geri
emilimde bozukluk ile iliskilendirilmistir. Incelenen parametreler kiimeleme testi ile degerlendirilerek kedilerde KBY (1+)-(3+)
arasinda derecelendirilmis ve 4 hastada siddetli, 9 hastada orta ve geri kalan 9 hastada ise hafif seyrettigi saptanmistir. Kan
hematokrit yiizdesi ve alyuvar sayisindaki 6nemli diisiisler (p<0.01) KBY ile uyumlu bulunmustur (normositik normokromik anemi)
ve akyuvar sayisindaki artis olasi bir sekonder enfeksiyona baglanmistir. Kan hemoglobin degerlerindeki diisiis belirgin olmasina
ragmen istatistik dnemli bulunmamistir (p>0.05). Serum t-ALP ve k-ALP diizeylerindeki 6nemli diigiisler; Ca/P dengesindeki bozuk-
luk ve diisiik osteokalsin diizeyleri kemik metabolizmasinin kronik yetmezlikten heniiz belirgin sekilde etkilenmedigi yoniinde deger-
lendirilmistir.

Anabhtar sozciikler: Biyokimyasal belirtiler, hematolojik belirtiler, kedi, kronik bobrek yetmezligi.
Biochemical and hematological changes in cats with chronic renal failure

Summary: In this study, it is aimed to evaluate the bone metabolism, biochemical and haematological changes of cats with
chronic renal failure. 22 female cats aging between 3-12 years with Chronic Renal Failure (CRF) and for control group 10 clinicaly
healty female cats aging nearly the same with the patients constituted the research’s animal material. Urine samples densities were
determined and assayed for the presence of protein. Blood count and total protein, urea, creatinine, sodium, potassium, calcium,
phosphorus, osteocalcine, total ALP and bone ALP assays have been made in blood and samples of these animals. Serum
osteocalcine values were found under detection limits (<lng/ml) in patient and control groups. Age, urine findings (proteinuria,
density, polyuria), haematological findings (Hb,Ht and erithrocyte count) and biochemical findings (serum urea, creatinin and
electrolites) were evaluated in animals with chronic renal failure. When all the parameters of cats in the patient group analysed with
grouping test, the degree of CRF resulted from 1+ to 3+ and it was determined in 4 patients severe, 9 patients intermediate and the
remaining 9 patients as mild. Significant decrease (p<0.01) in blood haematocrit values and the number of erythrocyte (normositic
normochromic anemia) was found pertinent with CRF. Although the blood haemoglobine markedly low, it was not found statistically
significant (p>0.05). Blood serum urea values were increased in uremia with chronic renal failure, and also creatinine values proved
that failure was found to be significant (p<0.01). Values in control group respectively 40.8+3.42 mg/dl and 1.33+0.10 mg/dl; in sick
group respectively 320.7+38.5 mg/dl and 6.77+0.75 mg/dl was found. In patient cats serum Na and K values were determined that
they were decreased and this was related with tubuler reabsorbtion disorder. In cats with chronic renal failure, while serum Ca values
were not significant compared to control group, serum Pi values were significantly increased in patients and this finding was related
with tubuler disorder. Serum t-ALP and b-ALP levels were decreased importantly related with CRF (respectively control group
68.8+£15.89 and 13.1743.82 U/L; in patient 30.04+3.71 and 4.24+0.53 U/L); Ca/P non-equilibrium and low osteocalcin levels were
interpreted as bone metabolism yet not affected.
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* Caligma ayn1 baglik altinda BAP tarafindan desteklenmistir (2003.08.10.048 nolu arastirma projesi)
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Giris

Kronik bobrek yetmezligi (KBY) yasla birlikte bob-
reklerde goriilen fonksiyon kaybi1 nedeniyle, basta orta ve
ileri yasl kediler olmak {izere tiim evcil hayvanlarda
onemli bir sorun olusturan; poliiiri, polidipsi ve zayifla-
ma gibi sikayetlerle seyreden bir hastaliktir. Bobreklerin
kompenzasyon yeteneginin yiliksek olmasi nedeniyle,
saglam nefronlarm %10’u kalana kadar bobreklerin
glomeruler filtrasyona devam etmesi ve 6zellikle kedile-
rin KBY’nin son donemlerine kadar idrar1 konsantre
edebilmeleri nedeniyle klinik belirtiler ge¢ ortaya ¢ikar
(16). Bu nedenle, hastaligin erken tanisinda kan ve idrar
analizleri biiylik 6nem tasir. KBY; azotemi, polidipsi,
politiri, hipokalemi, idrar dansitesinde azalma ve
dehidrasyon ile karakterizedir (9). Bobreklerin kronik
yetmezligine bagli olarak suyu tutamamasi ve idrari
konsantre edememesi nedeniyle KBY’nde idrar miktari
artar. Hayvanlar su ihtiyacin1 karsilamak i¢in fazla mik-
tarda su tiiketirler (polidipsi). Yeterli su igemediklerinde
ise kanda bazi toksinlerin birikimine bagli olarak agirlik
kaybi, cevreye ilgisizlik, istah kaybi gibi belirtiler ortaya
cikar (5). KBY’nde toplam H™ atithimi bozulur. Bu du-
rum, bobregin NH, iiretimi kapasitesindeki yetmezlikle
ilgilidir. Hastalarin ¢ogunda metabolik asidoz vardir.
Burada H'larmin nétralizasyonunda bobrek dist bir me-
kanizma devreye girer ve H'lari muhtemelen kemikte Ca
tuzlari ile tamponlanir. Bu durum, kronik bobrek yetmez-
liginde sik¢a rastlanan kemik demineralizasyonuna neden
olur. Plazma Ca seviyesi diigmeye meyillidir. Bu, kismen
plazma albumin disiisii ile ilgili olabilir. GFR diisiisii ile
ilgili olarak plazma P diizeyi yiikselir (18).

Genelde kemik yikimimin ve yapiminin biyokimya-
sal belirtecleri osteoblastlar ve osteoklastlar1 tanimlayan
enzimler ya da kemik matriksinin sentez ve rezorbsiyonu
sirasinda salinan organik bilesiklerdir (19). Kemik spesi-
fik alkalen fosfataz (k-ALP) ve osteokalsin (OC) kemik
yapiminin 6nemli belirtegleri i¢inde yer alir (10). Serum
OC diizeyleri genelde osteoblast aktivitesi ve kemik
sentezinin yansimasi olarak degerlendirilir. Osteokal-
in’in yar1 6mrii yaklagik 5 dakika olup hizla bobreklerden
atilir. Serum OC diizeyleri, kronik bdbrek yetmezligi
olan hastalarda, kemik metabolizmasinin izlenmesinde
kullanilir (8).

Caligmada, KBY’ne bagli olarak kedilerde biyo-
kimyasal ve hematolojik degisikliklerin saptanmasi,
hastalikla iligkili olarak degerlendirilmesi ve hastaligin
derecelendirilmesinde kullanilmasi amaglanmustir.

Materyal ve Metot
Arastirmada; Ankara Universitesi Veteriner Fakiil-
tesi I¢ Hastaliklart Anabilim Dali Klinigi’ne getirilen,
klinik ve labaratuvar olarak KBY belirlenen ve yaslar1 3-
12 arasinda degisen 22 adet disi kedi ile klinik olarak
saglikli goriinen ve hastalarla ayni yaslarda 10 disi kedi
(kontrol) kullantlmustir.

Klinik olarak poliiiri, polidipsi ve anemi belirtileri
gosteren disi kedilerden alinan kan Orneklerinden bir
kism1 3000 RPM’de 10 dakika santriflij edilerek serum
elde edilmistir. Serum orneklerinde oncelikli yapilan
analizlerden sonra KBY tespit edilen kedi serumlari diger
analizler i¢in dondurularak (—80°C) saklanmis, heparinli
tiiplere alinan kanlar ise kan sayimi1 ve hemoglobin mik-
tarinin tespitinde kullanilmistir.

Serum iire miktart Modifiye Gentzkow Yontemi ile
(2); kreatinin miktar1 Jaffe Yontemi ile (27); toplam
protein miktar1 Biiiret Yontemi ile (25); Ca miktar1 O-
cresolphthalein complexon yontemi ile (23); Pi miktar
Modifiye Younburg Yontemi ile (21); Na ve K miktar
Alev fotometrik yontem ile (15); toplam ALP miktar
ticari kit kullanilarak otoanalizor ile (8); kemik ALP ve
serum osteokalsin diizeyleri immunoradiometrik yontem
(IRMA) ile dlgiilmiistiir (17). Hemolizli serum ve plaz-
malar tercih edilmemistir. Ciink{i, alyuvarlar OC
yikimlayan proteazlar igerir (22).

Kan hemoglobin diizeyleri Sahli Yontemi ile 6l-
¢lilmiistlir (14). Hemogram i¢in alinan kandan eritrosit,
lokosit sayimlari Hemositometrik yontem ile; hematokrit
degerleri mikrohematokrit yontem ile; akyuvar % oranla-
r1 May Grunwald-Giemsa karigsik boyama yontemi ile
(28) dlgiilmiistiir.

Kontrol ve hasta gruba ait ortalama degerler arasi
fark Student t- test ile degerlendirilmis, hastalar {izerinde
ilgili parametrelerle kiimeleme analizi yapilarak (20)
KBY 1+, 2+ ve 3+ seklinde hafif, orta ve siddetli olarak
yorumlanmustir.

Bulgular

KBY siipheli kedilerde klinik olarak genelde zayif-
lik, istahsizlik, halsizlik, sik idrar yapma ve bir ¢ogunda
kusma ve gdz mukozalarinda anemik belirtiler gdzlen-
mistir. Hematolojik ve Biyokimyasal parametrelere ait
ortalama degerler ile gruplararasi farkin isatatistik onemi
Tablo 1 ve 2’de sunulmus; Hematolojik ve Biyokimyasal
degerler arasinda istatistik olarak o6nemli farkliliklar
(p<0.05) tespit edilmistir.

Hasta kedilerde kontrol grubuna gore serum fire,
kreatinin, fosfor ortalama diizeylerinde istatistik agidan
onemli artiglar goriiliirken, Na, K, t-ALP, k-ALP ve Ca/P
oraninda istatistik dnemli diisiisler tespit edilmistir (Tab-
lo 2). Serum osteokalsin (OC) degerleri hasta ve kontrol
grupta Sl¢lim sinirlarinin altinda (<Ing/ml) bulunmustur.

Hastalarda idrar dansitesinde diisme, poliiiri,
azotemi, hiponatremi, hipokalemi, hiperfosfatemi ve
hiperproteinemi, hematokrit degerde ve alyuvar sayisinda
diisiis, anemi ve akyuvar artigt saptanmistir. Kontrol
grubu olusturan kedilerde idrar dansitesi 1.019-1.030
arasinda ve hasta hayvanlarda ise 1.007-1.017 arasinda
bulunmus ve ortalama degerleri kontrol grubuna gore
istatistik dnemli derecede (p<0.01) diisiik oldugu sap-
tanmustir (Tablo 2). Kontrol grubuna ait 10 hayvandan
5’inde idrarda hafif proteiniiri tesbit edilmis, buna karsi-
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Tablo 1. Kronik bobrek hastasi kediler ile kontrollerinde hematolojik degerler ve istatistik analiz sonuglari
Table 1. Statistical results and heamotological values of cats in control and patient group

Kontrol grup Hasta grup

Parametre n X Sx n X Sx +t
Hemoglobin (g/dl) 10 11.72 0.67 22 9.97 0.85 1.293
Hematokrit (%) 10 40.50 1.22 22 32.32 2.31 2.301*
Eritrosit (x10%/mm?) 10 8.15 0.16 22 6.55 0.47 2.207*
Lakosit (x10*/mm?) 10 6.44 0.43 22 12.54 1.24 3.244%%*
Notrofil (%0lokosit) 10 62.60 3.39 22 83.41 2.09 5.408***
Lenfosit (%lokosit) 10 28.50 4.06 22 12.95 1.91 3.966%**
Monosit (%lokosit) 10 4.50 0.22 22 2.59 0.36 3.379%*
Eosinofil (%lokosit) 10 2.70 0.26 22 1.18 0.31 3.042%*

* 1 p<0.05 s*: p<0.01 ***: p<0.001

Tablo 2. Kronik bobrek hastasi kediler ile kontrollerinde biyokimyasal degerler ve istatistik analiz sonuglar1

Table 2. Statistical results and biochemical values of cats in control and patient group

Kontrol grup Hasta grup

Parametre n X Sx n X Sx +t
Ure (mg/dl) 10 40.80 3.42 22 320.77 38.54 4.850%:%:
Kreatinin (mg/dl) 10 1.33 0.10 22 6.77 0.75 4.795%s%:x
Toplam protein 10 7.08 0.20 22 8.34 0.26 3.094%*
Kalsiyum (mg/dl) 10 10.16 0.21 22 10.57 0.60 0.453
Fosfor (mg/dl) 10 5.41 0.48 22 13.76 1.45 3.801 s
Sodyum (mg/dl) 10 349.50 4.74 22 306.36 8.21 3.398::%
Potasyum (mg/dl) 10 17.98 0.79 22 13.42 1.18 2471+
t-ALP (U/L) 10 68.80 15.89 22 30.04 3.71 3.262x%
k-ALP (U/L) 10 13.17 3.82 22 4.24 0.53 3.370%*
Ca/P 10 1.99 0.15 22 1.04 0.17 3.321 %%
Serum OC (ng/ml) 10 <1 22 <1 -
Idrar Dansitesi 10 1.024 0.005 22 1.013 0.009 10.451%%*

* 1 p<0.05 **: p<0.01 #*=*: p<0.001

lik KBY’li hayvanlarin tamaminda siddetli proteiniiri
gbzlenmistir. Kan serumu toplam protein ortalama deger-
leri kontrol kedilerde 7.08+0.20 g/dl; hastalarda ise
8.34+0.26 g/dl bulunmus ve gruplararasi farkin istatistik
6nemli (p<0.01) oldugu saptanmistir.

Hasta hayvanlarin tamaminda serum iire ve
kreatinin degerlerinin kontrollerden &nemli derecede
yiiksek oldugu belirlenmistir. Kontrol grupta serum iire
ve kreatinin ortalama degerleri sirasiyla 40.80+3.42
mg/dl ve 1.33+0.10 mg/dl; hasta kedilerde ise
320.77438.54 mg/dl ve 6.77+0.75 mg/dl olarak hesap-
lanmis ve gruplararasi fark istatistik olarak Onemli
(p<0.01) bulunmustur (Tablo 2).

Serum Pi degerleri agisindan gruplar arasinda ista-
tistik onemli fark tespit edilmis (p<0.001), Ca degerleri
acisindan ise 6nemli bir fark saptanamamuistir. Serumda t-
ALP ve kemik spesifik ALP aktiviteleri agisindan
gruplararasi farkin istatistik 6nemli (p<0.01) oldugu
kaydedilmistir. Serum OC degerleri kontrol ve hasta
grupta Ing/ml’nin altinda bulunmustur. Kullanilan test
kiti bu degerin altindaki diizeylerin okunmasina olanak
vermediginden kedilere ait bireysel degerler elde edile-

memis ve sadece <1 ng/ml seklinde degerlendirilmistir
(Tablo 2).

Serum Na ve K degerleri agisindan gruplararasi far-
kin istatistik 6nemli (p<0.05) ve hastalarda diisiik (hipo-
natremi ve hipokalemi) oldugu saptanmistir (Tablo 2).

Kan hemoglobin diizeyi kontrol kedilerde 9.0-14.0
g/dl arasinda degisirken hasta kedilere ait degerler 5.0-
18.4 g/dl arasinda hesaplanmistir. Hemoglobin ortalama
degerleri acisindan gruplar arasindaki fark istatistik
onemli bulunmamistir (p>0.05). KBY’li kedilerde
hematokrit degerde istatistik 6nemli derecede (p<0.05)
disiis saptanmistir. Eritrosit sayist ortalama degerleri
hasta grupta 8.15+0.16 ve
6.55+0.47x10°/mm’ olarak hesaplanmis ve gruplararas
farkin istatistik 6nemli oldugu (p<0.05) hesaplanmistir.
KBY belirlenen kedilerde kan alyuvar sayisinin 6nemli
derecede diisiik (normositik normokromik anemi) oldugu
tespit edilmistir. Kronik bobrek hastasi kedilerde kan
akyuvar sayilarinin kontrol gruba gore 6nemli diizeyde
artis gosterdigi (p<0.01); artisin notrofillerde goriildig;
monosit, eozinofil ve lenfositlerde ise 6nemli diisiis se-
killendigi (p<0.01) saptanmustir (Tablo 1).

kontrol ve sirastyla
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Tablo 3. Kronik Bébrek Yetmezligi saptanan kedilerde hastaligin derecelendirilmesi (kiimeleme testi sonuglari)
Table 3. The degree of disease in cats with chronic renal failure (results of grouping test)

KBY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22  Top
Hafif + + + o+ +  + + 4+ + 9
Orta + + o+ + + + o+ + 9
Siddetli + + +  + 4

Kronik bdbrek yetmezliginin yash kedilerde daha
cok goriildiigli ve hastaligin incelenen 4 hayvanda siddet-
li; 9’unda hafif ve diger 9’unda ise orta derecede seyret-
tigi belirlenmistir (Tablo 3).

Tartisma ve Sonu¢

KBY siipheli kedilerde klinik olarak gozlenen za-
yiflik, istahsizlik, halsizlik, sik idrar yapma ve bir ¢gogun-
da kusma ve géz mukozalarinda anemik belirtiler Imren
(1998)’in bildirimine benzer klinik belirtiler olarak de-
gerlendirilmis ve KBY tanisinda yararlanilmigtir. Calis-
mada, hasta grupta 7 yas ve lizeri hayvan sayis1 belirgin
derecede yiiksek bulunmustur (Tablo 3). Bu bulgu,
KBY’nin her yasta kedide gozlenebilirse de daha ¢ok
yash kedilerde goriildiigii bildirimini (4) destekler nite-
liktedir.

KBY saptanan kedilerde kan alyuvar ve Hb degerle-
rinde diisme tespit edilmis ve normositik normokromik
anemi olarak degerlendirilmistir. Anemi, muhtemelen
KBY ile ilgili olarak bobrekten sentezlenen eritropoietin
seviyesinin azalmasindan ve eritrositlerin hayatta kalma
stirelerinin  kisalmasindan kaynaklanabilir. Kontrol ve
hasta kedilere ait kan hemoglobin, hematokrit ve eritrosit
sayis1 ortalama degerleri ayr1 ayr1 sirayla 11.72+0.67 g/dl
ve 9.97+0.85 g/dl; 9%40.50£1.22 ve %32.32+2.31 ve
(8.15+0.16)x10° ve (6.55+0.47)x10° olarak hesaplannus
ve gruplararasi farkin hematokrit ve eritrosit sayisi i¢in
istatistik 6nemli oldugu saptanmistir. Hemoglobin deger-
lerinin de hastalarda 6nemli diisiis gdstermesine ragmen
istatistik diizeyde onemli bulunamamugtir (Tablo 1).
Hemoglobin degerlerinin degisim sinirlart 9.2-14.0 g/dl
arasinda ve Karagiil ve ark (2000)’larmin bildirdikleri
referans degerler ile (8.0-15.0 g/dl) uyumlu bulunmustur.
Hastalarda Hb degisim sinirlar1 5.0-18.4 arasinda olup
ortalama degerleri acisindan gruplararasi fark 6nemsizdir
(Tablo 1). Hematokrit degerlerin kontrol hayvanlarda
%31.0-45.0 arasinda seyrettigi ve referans degerler ile
(%24-45) (18) paralellik arzettigi belirlenmistir. Calis-
mada kontrol kedilerde 16kosit alt gruplarinin % dagilim-
lariin referans sinirlar arasinda oldugu goézlenmistir.
KBY’li kedilerde yiiriitiillen benzer bir ¢alismada (22)
hematokrit degerler bozuklugun derecesi ile iliskilendi-
rilmigtir. Calisma sonunda hastalara ait hematokrit deger-
lerdeki 6nemli diisiis literatiir veriler ile uyumlu bulun-
mustur. Kan 16kosit sayilarinda kontrollere gore 6nemli
artis belirlenmis ve bir enfeksiyon olasiligr ile birlikte
degerlendirilmistir.

KBY azotemi, polidipsi, poliiiri, hipokalemi, idrar
dansitesinde azalma ve dehidrasyon ile karakterizedir (9).
Calismada, bu Ozelliklere ek olarak hiponatremi,
hiperfosfatemi ve hiperproteinemi de tespit edilmistir.
Hastalarda idrar dansitesinin 1.007’lere kadar diistigii
gozlenmis ve poliliri ve glomeruler filtrasyon hizinda
disis ile iligkilendirilmistir. Bobreklerin kronik yetmez-
lige bagl olarak suyu tutamamasi ve idrar1 yogunlastira-
mamast nedeniyle KBY ’nde idrar miktar1 artar ve dansite
diiser. KBY olan kedilerde glomeruler filtrasyon hizinin
normal kedilerden ii¢ kat daha diisiik olabilecegi (6);
hafif ve orta derece KBY olgularinda hastalig1 gruplama-
da kullanilabilecek diizeyde 6nemli farklilik gosterdigi
bildirilmistir (22). Kontrol gruba ait idrar dansitesi deger-
leri 1.019-1.030 arasinda bulunmus ve Karagiil ve ark
(2000)’nin bildirimindeki referans degerler ile (1.020-
1.040) paralellik gostermistir.

Klinik olarak saglikli gériinen kedilerden bazilarin-
da hafif proteiniiri goriilmesi bdbrek esiginin diisiik ol-
masindan ve hayvanlarm bakim besleme kosullarinin iyi
olmamasindan kaynaklanabilir. Ciinkii hafif tisiitmelerde
bile idrara albumin kagabilir ve proteiniiri gézlenebilir
(18). Hasta kedilerde gozlenen siddetli proteiniiri ise
kronik bobrek bozuklugu ile iliskilendirilmistir.

Serum t-protein degerleri kontrol kedilerde 6.2-8.2
g/dl (ortalama deger: 7.08+0.20 g/dl); bobrek hastasi
kedilerde 6.5-11.9 g/dl (ortalama deger: 8.34+0.26 g/dl)
olarak hesaplanmistir. Kedilerde serum t-protein referans
degerleri 5.8-8.0 g/dl (7) ya da 5.4-7.8 g/dl (1) olarak
bildirilmistir. Kontrol kedilere ait bireysel degerlerin
referans degerler ile paralellik arzettigi hastalara ait de-
gerlerin ise onemli derecede yiiksek oldugu (p<0.01)
saptanmistir. KBY gozlenen kedilerde serum t-protein
degerlerindeki anlamli artis bobrek fonksiyon bozuklugu
ile ilgili olarak gelisen poliiiri sonucu kan hacminin
azalmasi ve hematokrit degerde diisiis ile uyumlu bulun-
mamustir. Hematokrit degerdeki diisiis kan hacminin
artigt ile iligkili olup bu durumda serum t-protein degerle-
rinde de diisme beklenirken tersine artmis olmast muh-
temelen kronik hastaliga bagli olarak immun sistemin
uyarilmasi sonucu serum gama-globulinlerindeki artis ile
ilgili olabilir. Nitekim, hasta kedilerde kan akyuvar sayi-
larmnda da 6nemli artig saptannmustir (Tablo 1). Immun
sistemin herhangi bir nedenle uyarilmasi dolasimda
immun globulinlerin artisi ile sonuglanir (3, 24).

Calismada, serum {ire ortalama degerleri kontrol
grubunda 40.80%3.42 mg/dl, KBY’li grupta 320.77+£38.54
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mg/dl; serum kreatinin ortalama degerleri ise kontrol
grubunda 1.33+£0.10 mg/dl, KBY’li grupta 6.77£0.75
mg/dl olarak hesaplanmis ve gruplar arasi farkliliklarin
istatistik dnemli (p<<0.001) oldugu saptanmustir (Tablo 2).
Ure ve kreatinin degerlerindeki siddetli artis (azotemi)
Dibartola ve ark (11)’nin; Squires (26)’in ve Deguchi ve
Akuzawa (9)’nin bildirimleri ile de paralellik gostermis-
tir. Kedilerde serum ya da plazma iire diizeyi i¢in refe-
rans aralik 42.8-64.2 mg/dl (1); kreatinin degeri ise 0.5-
1.5 mg/dl (7) ya da 0.8-1.8 mg/dl (1) olarak bildirilmistir.
Kontrol hayvanlarda tire degerleri 28.0-60.0 mg/dl
kreatinin i¢in 0.9-1.9 mg/dl olarak hesaplanmistir. Kont-
rol hayvanlarda {ire ve kreatinin i¢in bulunan degerlerin
referans degerler iginde yer aldig1 belirlenmistir. Calis-
mada; hastalarda iire ve kreatinin degerleri anormal dere-
cede yiiksek (azotemi) ve bdbrek hastaligi ile uyumlu
bulunmustur. Ozellikle iire degerlerinin “liremik” diizey-
de oldugu belirlenmis ve bununla ilgili olarak hastalarin
bir cogunda kusma ya bizzat gdzlenmis veya hasta sahibi
tarafindan dile getirilmistir. Serum kreatinin diizeyleri de
¢ok anlamli olarak degerlendirilmistir. Ciinkii >3.0 mg/dl
kreatinin degerlerinin anlamli oldugu bildirilmistir (1).
KBY’nin siddeti ile serum {iire ve kreatinin degerleri
arasinda belirgin bir paralellik oldugu rapor edilmistir
(13). Hastalarda serum kreatinin degerlerinin 2.0-14.0
mg/dl arasinda (ortalama 6.77£0.75 mg/dl) oldugu ve
siddetli KBY olarak degerlendirilen 4 hayvanda en yiik-
sek degerlere rastlandig1 kaydedilmistir.

Yiksek serum iire degerleri (>100-120 mg/dl)
ekskresyon bozuklugu diizeyinde anlamlidir. Tek basina
>96 mg/dl degerler protein yikiminda artisla; >210 mg/dl
degerler yalmiz bdbrek perfiizyon bozuklugu (kronik
bobrek yetersizligi, primer akut bobrek yetmezligi yada
idrar yollarmin tikanmasi veya kopmasti) ile iligkili olabi-
lir; >400 mg/dl degerler ise prognozun iyi olmadigini
gosterir (26). Hastalar kotli prognoza ragmen uzun siire
yasamlarini siirdiirebilirler. KBY bulunan hastalarda tam
sagaltim miimkiin olmamakla birlikte uygun semptoma-
tik ve destekleyici sagaltim ile yikim en aza indirilebilir.

Kontrol grubu ile KBY’li hasta kedilerden olusan
grubun  serum Ca ve Pi diizeyleri sirasiyla
10.16+0.21mg/dl, 10.57£0.60 mg/dl; 5.41+0.48 mg/dl ve
13.76+1.45 mg/dl olarak hesaplanmig ve gruplararasi
fark Pi igin istatistik dnemli (P<0.001), Ca igin énemsiz
oldugu saptanmistir (Tablo 2). Serum Pi degerlerindeki
onemli artis baslica glomeruler filtrasyon hizinda diisiis
ve idrarla Pi atilamamasi ile iligkilendirilmistir. Referans
degerler serum Ca igin 7.2-12.0 (7) ve 6.2-10.2 mg/dl
(1); Pi igin 4.0-8.0 (7) ve 3.7-9.0 mg/dl (1) olarak veril-
mistir. Kontrol hayvanlara ait elde edilen degerler refe-
rans degerlere ait sinirlar iginde oldugu belirlenmistir.
Benzer bir ¢aligmada (22) hafif derecede KBY saptanan
kedilerde Ca ve Pi degerlerinin referans degerlerin {ize-
rinde oldugu ve orta derecede KBY olan kedilerde ise
degerlerin daha yiiksek oldugu bulunmustur. KBY’li pek

cok hayvanda kan Ca diizeyi normaldir (18). Caligmada
serum Ca degerlerinin KBY’den etkilenmedigi sdylene-
bilir. Hastalarda paratiroid uyarimi nedeniyle hastaligin
patogenezi olarak gelisen hipokalsemi gdzlenebilir, ayni
zamanda serum Pi degerleri artabilir (17, 18).

ALP kemik dongiisiiniin yapim asamasinda ¢ok
yiiksek yogunlukta iiretilir ve genel kemik etkinligi hak-
kinda iyi fikir verir. Serum toplam ALP aktivitesi karaci-
ger, bobrek, kemik, plasenta ve bagirsakta iretilen
izoenzimleri olugturur. Ancak, en biiyiik kismi1 kemik ve
karaciger izoenzimlerince olusturulur (17). Serum t-ALP
aktivitesi kontrol kedilerde 68.80+15.89 U/L olarak he-
saplanmustir. Referans aralik kediler i¢in 25-93 TU/L; 10-
40 TU/L ve <70 IU/L olarak verilmistir (1). Referans
degerler arasinda onemli farkliliklar oldugu goriilmekte-
dir. Bireysel degerler 13-145 U/L arasinda dagilmig ve
degerlerin 6nemli varyasyon gosterdigi tesbit edilmistir.
Ortalama degerdeki standart hata’nin yiiksek olusu da
bunu destekler 6zelliktedir. Kemik spesifik ALP degerle-
ri de genis bir degisim sinirlar iginde (1.2-34.4 U/L) yer
almigtir. Serum ALP aktivitesindeki artis karaciger ve
kemik dokusundan kaynaklanabilir. Ciinkii, diger dokula-
ra ait olan izoenzimlerin yarilanma siireleri ¢ok kisa
oldugundan toplam aktivitedeki miktarlar1 ¢ok diisiiktiir
17).

Kontrol ve hasta gruba ait k-ALP seviyeleri sirasty-
la 13.17£3.82 U/L ile 4.2440.53 U/L olarak hesaplanmis
ve gruplararasi fark istatistik 6nemli (p<0.01) bulunmus-
tur (Tablo 2). Tespit edilen bu 6nemli diisiis muhtemelen
KBY’nin kemiklerdeki olumsuz yansimasindan kaynak-
lanabilir. Benzer diisiis t-ALP degerlerinde de gézlenmis-
tir (Tablo 2). Renal osteodistrofide k-ALP degerlerinin
artacag bildirilirken (8) ¢alismada tersine diigiis saptan-
mistir.

Kedilerde kemik spesifik alkalen fosfataz (k-ALP)
ve osteokalsin (OC) kemik yapiminin belirtegleri i¢inde
yer alir (10). Calismada, serum OC diizeylerinin 6lgii-
miinde insan test kiti kullanilmigstir. Tirler arasinda OC
i¢in olan antikorlar ¢apraz reaksiyon gosterirler. Ornegin
sigir OC antikoru, insan ve tek tirnakli OC diizeyinin
radyometrik o6l¢timiinde kullanilabilir (17). Kedilerde
serum OC degerlerinin 6lgiilemeyecek diizeylerde (<1
ng/ml) oldugu anlasilmig ve bu nedenle istatistik deger-
lendirme yapilamamistir. Serum OC degerlerinin 6lgiile-
meyecek diizeylerde olmasinin kullanilan test kitinin
insana 6zgii olmasindan degil, kedi i¢in degerlerin ¢ok
diisiik olmasindan kaynaklandig1 goriisiindeyiz.

Kronik bobrek yetmezligi tanisi konmus kedilerde
serum Na ve K degerlerinde gozlenen 6nemli diisiisler
(hiponatremi ve hipokalemi) (Tablo 2) dikkat gekici
bulunmus ve KBY sonucu gelisen bir tubuler geriemilim
bozuklugu ile iliskilendirilmistir. Nitekim, saglikli kedi-
lerde Na geri emilimi %99’un iizerinde iken KBY olan
kedilerde %87.2’den diisiik oldugu bildirilmistir (9, 12).
Kedilerde kan K seviyesinin 4.1 mEq/L (15.9 mg/dl)
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altina distiigiinde hipokalemi sekillendigi KBY olan
kedilerde bu degerin 3.0 mEq/L’nin (11.7 mg/dl) altina
diistiigii, KBY olan kedilerde K un idrarla disar1 atilimi-
nin artmast (kaliliri) nedeniyle hipokalemi goézlendigi,
bobrek tubuluslarindan K geri emilimi normal kedilerde
%89.9 iken KBY olan kedilerde %56.5 oldugu bildiril-
mistir. Idrarla asin K atilmu idrar miktarinda artis, Na
geri emilimde azalma ile birlikte goriilebilir (9, 12).

KBY’li kedilerden olusan hasta grup igerisinde ana-
liz edilen tiim parametreler kiimeleme testi ile degerlen-
dirilmis ve hasta hayvanlar 1+’dan 3+’ya kadar derece-
lendirilmistir. KBY tesbit edilen kedilerde hematolojik
degerler, iire ve kreatinin artigt ve idrar bulgulart dikkate
alinarak yapilan derecelendirme sonunda 4 kedide siddet-
li; 9’unda hafif ve diger 9’unda ise orta siddete seyrettigi
sOylenebilir (Tablo 3).

Sonug olarak; hasta hayvanlarin yasi, idrar ve he-
matolojik bulgulari, serum iire, kreatinin ve elektrolit
diizeyleri kronik bobrek yetmezligi tanisi igin yeterli
kanitlar olarak degerlendirilmis; hastalarin ¢ogunda iire
degerleri “liremik” kreatinin degerleri de “anlamli” bu-
lunmus; serum Pi diizeyleri ile Ca/P oranindaki artiglar
bobrekler tarafindan Pi atilamamasi ile iligkilendirilmis;
KBY’nin kemik metabolizmasi iizerine etkisi net olarak
ortaya konamamis, serum t-ALP ve k-ALP diizeyleri ile
OC degerlerinde beklenen artiglar gézlenememis ve KBY
ile iligkili olarak kemik metabolizmasinin heniiz etkilen-
medigi kanisina varilmustir.
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Repair of osteochondral defects with autologous chondrocyte
implantation: clinical study on the stifle joint of 9 dogs*
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Summary: This study was based on 9 dogs taken to Ankara University, Faculty of Veterinary Medicine, Department of
Orthopaedics and Traumatology. The aim was production of chondrocyte cell culture, implantation of autologous chondrocytes to
osteochondral defects (OCD) produced in monolayer cell cultures and repairment of defects under in-vitro conditions. Dogs taken to
clinic with lameness were clinically and radiographically examined. Dogs with chronical cruciate ligament rupture, suspected to have
OCD on femoral condyle were examined. Nine of them were taken to research with the permission of their owners. By arthroscopic
technique, cartilage tissue samples were taken from right shoulder joints under general anesthesia.

Samples were exposed to enzymatical digestion with 1 mg/ml type-II collagenase. The viabilities and numbers of alive cells
were obtained by tripsinization and measured. The autologous chondrocyte cell grafts which became injectable on the 15" day were
implanted on the OCD in affected stifle joint of same cases. Ruptured cruciate ligaments were repaired by Modified Utrecht
University Technique. Cases were clinically and radiographically examined postoperatively 1%, 3™, 5™ and 7™ weeks and
arthroscopically at the end of the 8™ week. In clinical examination on the 1% and 3™ weeks there was mild lameness, but after 5" and
7" weeks there was no pain. In radiographical examinations OCD were completely filled on the 5™ and 7" week. In the arthroscopical
examination on the 8" week, it was observed that the defect were completely filled, healed, even the borders disappeared, the tissue
filling the defect was the same in colour and as transparent as the surrounding and it was strong enough. As a result; with this project
for the first time in Turkey, cells taken from shoulders joints, healthy chondrocytes were isolated and implanted on the OCD in the
stifle joints at the end successful results were achieved.

Key words: Chondrocyte, dog, implantation, osteochondral defect, stifle joint.

Otolog kondrosit implantasyonu ile osteokondral defekt onarimi: 9 kopegin diz ekleminde
klinik calisma

Ozet: Bu caligma Ankara Universitesi Veteriner Fakiiltesi Ortopedi ve Travmatoloji Bilim Dal Klinigi’ne getirilen 9 kdpek
iizerinde gergeklestirildi. In-vitro kosullar altinda képeklerde kondrosit hiicre kiiltiirii yapilmasi, monolayer kiiltiirde iireyen otolog
kopek kondrositlerinin osteokondral defektlere implantasyonu ve tamir olanaklarinin arastirilmast amaglandi. Veteriner Fakiiltesi
Ortopedi ve Travmatoloji Bilim Dal1 Klinigine diz eklemi topallik sikayeti ile getirilen kdpekler detayl bir sekilde klinik, radyolojik
muayeneye tabi tutuldu. Kronik ¢apraz bag kopugu olan olgular osteokondral defekt olasiligi yoniinden tekrar incelenerek, femoral
kondiluslarinda defekt bulunan 9 olgu, hayvan sahiplerinin izni ile caligmaya alindi. Genel anestezi altinda sag omuz eklemlerinden
artroskopik teknikle kikirdak doku &rnekleri alindi. Ornekler 1 mg/ml tip II kollagenaz ile enzimatik pargalamaya tabi tutuldu.
Hiicrelerin canliliklari, sayilari, tripsinizasyon islemini izleyen 15. giinde enjektabl hale gelen otolog kiiltiire kondrosit hiicre
greftleri, ayni olgunun diz eklemindeki osteokondral defekte implante edildi. Olgularin kopuk 6n ¢apraz baglart Modifiye Utrecht
Universitesi Teknigi ile onarildi. Olgular postoperative 1., 3,, 5., ve 7. haftalarda klinik ve radyolojik olarak, 8. hafta sonunda da
artroskopik olarak degerlendirildi. Klinik kontrollerde olgularin; ekstremitelerini 1. ve 3. haftada kullanirken agr1 duyduklar, 5. ve 7.
haftalarda ise giderek daha rahat kullandiklar1 ve agri duymadiklari belirlendi. Radyolojik kontrollerde osteokondral defektin 5.
haftada tamamen doldugu (iki olguda ise 7. haftada tam dolum) izlendi. Sekizinci haftada yapilan artroskopik muayenede defektin
tamamen iyilestigi, doldugu, kenarindaki sinirmm bile belli olmadigi, defekti dolduran dokunun gevresiyle aym renkte ve seffaf
oldugu, dayanima kars1 gii¢ verdigi izlendi. Sonug olarak; bu proje ile Tiirkiye’de ilk kez kopeklerin omuz ekleminden alinan ufak
miktardaki kikirdak doku 6rneklerinden hiicreler ayristirildi, saglikli otolog kondrositler izole edildi ve steril kosullar altinda, in-vitro
ortamda monolayer kiiltiir sistemi ile hiicre sayisi arttirild1 ve olgularin diz eklemlerindeki osteokondral defektlere eklem sekil ve
fonksiyonunu restore etmek i¢in transplante edildi ve basarili sonuglar alindu.

Anahtar sozciikler: Diz eklemi, implantasyon, kondrosit, kdpek, osteokondral defekt.

* This study was supported by Research Foundation of Ankara University (Project No: 2000.08.10.002).
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Introduction

In contrast to other tissues originated from epithelial
and mesenchymal, highly differentiated mature joint
cartilage does not have the capability of replacing new
cells and tissues damaged by synthesized extracellular
matrix because it lacks vascular blood support and have
limited regeneration ability. Thus, it is insufficient in
restoring its normal functions. Cartilaginous injuries,
which are not penetrated to subchondral bone, cannot
improve and develop and as a result this leads to the
degeneration of articular cartilage. Therefore, developed
therapy methods are needed in cartilaginous tissue
damages (1, 4). Insufficiency (loss of function) and pain
induced by joint cartilage damages led researchers to find
ways to facilitate and increase cartilage repair (12, 13,
17, 18, 20). In order to have repaired or regenerated
cartilage to function as joint tissue sufficiently, normal
painless motion synovial joint should be restored.
Realization of this requires that; structure, composition,
mechanical properties and strength of the repairing tissue
should be similar to the surface of natural joint (11, 19,
20). Under the light of the latest developments in
understanding of biology (5, 6, 7), composition,
metabolism, and biomechanical properties of joint
cartilage, new researchers on joint cartilage offer hope
about biologically, based procedures as alternative to
conventional methods (subchondral drilisation, abrasion
and spongiolisation) in the treatment of joint injuries and
degenerative joint diseases (8, 9, 14, 15, 21). Since many
different results are reported, the most suitable method in
treatment of focal defects is not exactly known (11, 16).

In this study, we aimed at repairing osteochondral
defects induced by us in the dog stifles, by using
autologous chondrocytes reproduced through monolayer
system and transformed into injectable form to be used in
transplantation.

Materials and Methods
This project was based on 9 dogs in different
breeds, age and sex taken to Ankara University, Faculty
of Veterinary, Department of Orthopaedics and
Traumatology.

Taking cartilage tissue sample

Anaesthesia of the cases was induced by 10 mg/kg
Ketamine HCI intramuscularly after premedication by
injecting 0.1 ml/kg Xylazine HCI. After the anaesthesia,
right shoulder areas of the subjects were shaved and
disinfected. Subjects were fastened to the operation table
so as to keep their right shoulders upward, and the
regions to which operation will be applied were sterilized
and covered. With lateral triangular arthroscopic
technique, were reached to the right shoulder and from 2-
3 non-weigh bearing areas there were 2-3 tissue samples

taken with biopsy knife. After that operation area was
closed with sutures.

Transfer of tissue samples to laboratory

Biopsy material was extracted from donor region
under sterile conditions, and then it was taken to the
laboratory in a sterile tube containing 10 cc transfer solution.
Samples were washed 3 times with PBS or serum
physiologic and then transferred to new tube. Until the
experiment, it was kept in a refrigerator under +4°C (10).

Mechanical segmentation process

In a cabinet containing laminar air flow,
cartilaginous tissue samples taken were firstly transferred
to 35 mm petri dishes. Thereafter, they were neatly
segmented into pieces smaller than 0,5 mm with the
lancet numbered 15.

Decomposition of chondrocyte with enzymatic
digestion process

Type II collagenase (Biochrom. Germany) and
tissue culture medium were added onto the 35 mm petri
dishes so as to have 1 mg/ml final concentration. It was
kept in incubator at 37 °C, in an atmosphere of 5% CO,
and 90% humidity for 12 hours. Then it was controlled
using a Leica (Germany) inverted light microscope. If the
decomposition was not completed totally,
incubated for two or four more hours. When it was
observed that all cells were decomposed, they were
filtered using nylon filter and then after adding 10 ml
culture medium centrifuged for 10 minutes at 1000 rpm.
After disposing supernatant, 10 ml culture medium was
added to the pellet part remaining at the bottom of the
tube and it was carefully homogenized with a glass
pipette and then mixed for a minute in vortex.

it was

Determining viability of chondrocytes and the
number of the living cells

Trypan blue viability test was employed to estimate
the number of the living chondrocytes (Fig. 1).

Figure 1. Trypan blue viability test was employed fort he living
chondrocytes.

Sekil 1. Canli kondrosit hiicrelerine Tripan Mavisi Canlilik
Testi uygulanmasi
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Incubation of the cells

Amount of the living cells were counted and; if
there were less then 2 million cells, they were put into 25
cm’ tissue culture flasks (Falcon, USA), if there were
more than 2 million cells, and then they were put into 75
cm’ tissue culture flasks. Thereafter, they were placed in
the incubator at 37°C, in an atmosphere of 5% CO, and
90% humidity with its cover half-closed.

Providing subculture through trypsinisation process

Aim of this process was to decompose dead cells
and to transfer produced living cells to bigger flasks.
The material was first washed 7 times using sterilized
PBS or RPMI 1640. Then, 3 ml Trypsi/EDTA
(0,25/0,02) (Sigma USA) solution was added onto the
material in order to cover flask base. It was incubated
at 37 °C, in an atmosphere of 5% CO, in autoclave for
a minute. Later on, 5 ml culture was added to it, and it
was centrifuged at 1000 rpm for 10 minutes. Liquid
left in the tube was disposed, and after adding 5 ml
culture medium, it was homogenized with a glass
pipette. This process was repeated 10 times and then
suspension was put in the flask and placed in a 5% CO,
incubator.

Providing injectable chondrocytes to the
transplanted

In monolayer system, after 15 days chondrocytes
started to cover the entire surface, and depending on the
initial number of the cells, they became confluent in
about 20 days (Fig. 2). After the top cover of the flask
was removed. Chondrocytes adhered on the base of the
flask were scraped using a cell scraper (Falcon. USA),
and when it became jelly, it was aspirated with a pipette
and collected in a 5 cc injector.

Transplantation of autologous chondrocytes to
osteochondral defect

The stifle joints of the cases which have
osteochondral defects were reached with lateral para
patellar incision under the same anesthesia protocol.
Following the skin incision, subcutaneous connective
tissue was passed while dissecting as retinaculum
bluntly, fascia latea was cut and after incision, through
0.5 cm lateral to ligamentum patellare inner part of the
stifle joint was reached while ligamentum collaterale
laterale was secured, through vastus lateralis of m.
quadriceps and m. biceps femoris, patella was deviated to
medial, so the joint was totally opened up. Defects in the
stifle joint of the subjects were washed using
hyaluronidase (Sigma, UK) for 5 minutes until its final
concentration became 1 U/ml. Purpose of this process
was to remove anti-adhesive character of the region by
depolymerising GAGs. Osteochondral defects were filled
in injectable chondrocyte grafts (Fig. 3). 15x15 mm,
periosteal grafts taken from proximal of the tibia or the
lateral condyle of the femur were sutured with 4/0

polyglactin 910 (Vicryl, Ethicon), as the cambium layer
lying on the defect. After controlling the position of the
defect, ruptured cranial cruciate ligaments of the cases
were repaired with Modified Utrecht Technique and
then stifle joint was washed with solution consist
of physiologic saline (Serum Fizyolojik, Eczacibasi) and

¥ L) S8 = -

Figure 2. After 15 days, chondrocytes started to cover the
entire surface in monolayer system and they became confluent
in about 20 days.

Sekil 2. 15 giin sonunda, kondrositlerin tiim monolayer
sistemin ylizeyini kaplamaya baslamasi ve 20 giin iginde
tamamen yayilmast

Figure 3. In the stifle joint, the osteochondral defect was filled
in injectable chondrocyte grafts.

Sekil 3. Diz eklemi igindeki osteokondral defektli bolgeye
enjektabl kondrositlerin aktarilmis sekli.
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Figure 4 At the monolayer cell cultures after 5" days, dog
chondrocytes started to take polygonal and rhomboidal shapes.
Sekil 4. Monolayer hiicre Kkiiltiiriindeki kopek kondrosit
hiicrelerinin 5. giin sonunda poligonal ve romboidal sekil
almaya baglamasi.
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Table 1. All data of 9 dogs with osteochondral defects, treated with autologous chondrocyte implantation.
Tablo 1. Otolog kondrosit implantasyonu ile sagaltilan osteokondral defektli 9 kopege ait toplu veriler.

Figure 5. At the 8" week, the arthroscopic view was evaluated.
Sekil 5. 8. haftadaki artroskopik degerlendirme.

Cases Signalment Orthopedic problems Operative treatment Follow-up
period,
results

1 Anatolian Shepherd, Rupture of right ligamentum cruciate Autologous chondrocyte implantation, 3 months
S years old, anterior, Repair of anterior cruciate ligament with Good
Male OCD lesion on lateral femoral condyle  modified Utrecht University Technique.

2 German Shepherd,  Rupture of left ligamentum cruciate Autologous chondrocyte implantation, 6 months
3.5 years old, anterior, Repair of anterior cruciate ligament with Good
Female OCD lesion on lateral femoral condyle  modified Utrecht University Technique.

3 Boxer, Rupture of right ligamentum cruciate Autologous chondrocyte implantation, 2,5 months
2 years old, anterior, Repair of anterior cruciate ligament with Good
Male OCD lesion on medial femoral condyle modified Utrecht University Technique.

4 German Shepherd Rupture of right ligamentum cruciate =~ Autologous chondrocyte implantation, 9 months
mixed, anterior, Repair of anterior cruciate ligament with Good
8 years old, OCD lesion on lateral femoral condyle  modified Utrecht University Technique.

Male

5  Collie, Rupture of left ligamentum cruciate Autologous chondrocyte implantation, 10 months
6,5 years old, anterior, Repair of anterior cruciate ligament with Satisfactory
Female OCD lesion on medial femoral condyle modified Utrecht University Technique.

Tears of medial meniscus Partial menisectomie.

6 Pointer, Rupture of right ligamentum cruciate Autologous chondrocyte implantation, 4 months
4 years old, anterior, Repair of anterior cruciate ligament with Good
Male OCD lesion on medial femoral condyle modified Utrecht University Technique.

7  Anatolian Shepherd, Rupture of right ligamentum cruciate ~ Autologous chondrocyte implantation, 3,5 months
S years old, anterior, Repair of anterior cruciate ligament with Good
Male OCD lesion on lateral and medial modified Utrecht University Technique.

femoral condyle

8 Golden Retriever, Rupture of left ligamentum cruciate Autologous chondrocyte implantation, 3 months
4,5 years old, anterior, Repair of anterior cruciate ligament with Good
Male OCD lesion on lateral femoral condyle  modified Utrecht University Technique.

9  Anatolian Shepherd Rupture of right ligamentum cruciate ~ Autologous chondrocyte implantation, 7 months
Mixed, anterior, Repair of anterior cruciate ligament with Satisfactory
5,5 years old, OCD lesion on medial femoral condyle, modified Utrecht University Technique.

Male Tears of medial meniscus Partial menisectomie.
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rifamicine (Rifosin, Hoescht). After that, operation area
was closed with suitable techniques. No bandage was
done for the extremities. After the operation a 5 day
antibiotheraphy was done. At the 1%, 3 5" and 7"
weeks cases were radiographically and at the 8" week
arthroscopically examined. At the clinical examination
using of the extremities and pain relief, at the
radiographical ~ examination repairment of the
osteochondral defects, and at the arthroscopic
examination the observation of the osteochondral defect
was evaluated. Clinical and radiographical evaluation
was done with O’Driscoll Scoring System, and
arthroscopical evaluation was done with Modified
Lukoschesk Scoring System (2).

In order to decide whether the formed tissue is
hyaline cartilage or not, O'Drisscoll, et al. criteria was
employed (3, 16). If the surface of the regenerated tissue
was smooth, if its surface was the same with that of the
surrounding joint and if it was covered with hyaline
cartilage, then the graft was considered successful.
Furthermore, if infiltration of inflammatory cells were
low, and if regeneration of the tissue surrounding
subchondral bone was realized until osteochondral
junction level, it was also considered successful.

Results

During the culturization, chondrocytes
examined under invert light microscope. The widths of
the cells were a little differentiated and have small
cytoplasmas which contains multiple thin granules. At
the monolayer cell cultures after 3 and 5™ days, dog
chondrocytes started to take polygonal or rhomboidal
shapes (Fig. 4). After 18 days it was observed that the
cells got enlarged. The proliferation speed was maximum
between 7" - 11™ days and minimum at the 15" day. In
clinical examinations on the 1*' and 3™ weeks there was
pain when using the extremities. But at the 5" and 7"
weeks it was observed that there was good function and
no pain. In the radiologic examination osteochondral
defects were depressed at the 1% and 3™ weeks and the 5
week it was fully filled. In two cases the defects was
fully filled at the 7" week. Because of the surface of the
regenerated tissue was smooth, the surface was the same
with that of the surrounding joint cartilage and weight
bearing, the transplantation of the chondrocytes was
succesfull due to the criteria of the O’Driscoll et, all. In
the arthroscopical examination done at the 8" week (Fig.
5), the synovial inflamation due to Modified Lukoschesk
Scoring System was degreed as (0) normal, (1) mild
inflamation, (2) moderate inflamation, (3)
inflamation. At the end of the study 2 cases (0), 4 cases
(1) and 2 cases had (3) degrees inflamation. As a result 2
cases were satisfactory, and 7 cases were good (Table 1).

were

severe

Discussion and Conclusion

The most appropriate method to recover chondral
and osteochondral defects, which cause an important
degree of pain, loss of function and human power, and
high medical treatment costs by inducing osteoarthritis
in old ages, is still not known (14). Having an
increasing interest, autologous chondrocytes
transplantation (ACT) is a hope offering method in
repairing osteochondral defects on femorotibial joint
surface. In this method, cells isolated from the patient
can be reproduced in vitro and autologous chondrocytes
can be retransferred to the defected area in order to
repair damaged cartilage (8, 21).

One of the advantages of this technique is that
although the number of cells obtained from small
sample pieces of cartilage is little, it can be increased in
a short period of time. At this stage great care should be
taken about the sterilization conditions otherwise
culture flasks can easily be infected, as we experienced
in our study (16, 17, 19-21).

We took cartilage samples from the shoulder
joints of the dogs in order not to damage their stifles on
which the study was performed. Their stifles are very
small, thinner layers of articular cartilage and
vulnerable to damage compared to human knees (This
is a challenge because there is no ideal animal model
that duplicates completely human situation). However,
we should consider morbidity risk of donor in humans
also (8, 16). In this study, we used autologous
chondrocytes for transplantation because of their
advantages like lower risk of transferring organisms
and absence of immunological reaction.

However, when we look at literature, we can see
that after 24 weeks of observation, Wakitani et al. (14),
recovered osteochondral defects in rabbit’s stifle joint
using allogenic chondrocytes which were embedded
into collagen gel, and they indicated that it recovered
through hyaline cartilage formation. In their study,
although defects were shown as filled with hyaline
cartilage, a clear subchondral bone formation was not
seen when histological photomicrographs
evaluated. At the same time, they reported that
histological monolayer cell infiltration was not
observed and no immunological reaction by
transplanted chondrocytes or collagen was seen (14).
On the other hand, in their study, Noguchi et al. (12),
repaired osteochondral defects wusing culture
chondrocyte grafts and compared allogenic and
isogenic grafts. They reported that in early stages of
defects (in the second and fourth weeks), which were
treated using isogenic or allogenic chondrocytes,
they were filled with hyaline cartilage, and in
peripheral sections there was a light inflammatoric

were
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cell inflammation which was more clear in allogenic
defects. However they increase subchondral bone
formation and do not have any risk to transfer
organisms like HIV from donor to receptor,
autografts are relatively more superior than
allografts. Besides, its donor maturity is
automatically constant in clinical practices and the
amount of cartilaginous tissue to be extracted is
limited without causing any insufficiency in material
(8). Furthermore, isogenic chondrocytes have more
definite regeneration in subchondral bone tissue than
allogenics.

One of the problems we encountered was that
we did not know the number of optimal cells that we
had to place into the defected area, so we filled the
defect until it was full (8, 17). Further research is
needed to solve this problem.

The second problem we had was the difficulty
of inducing a defect in the dog stifles joint cartilage
which is very thin. Moreover there are many factors
that need to be standardized, for instance; geometric
shape and volume of the lesions (the results in large
lesions are less predictable), the depth of injury
(penetration of the subchondral bone alters the
response), the age of the animal and individual
animal's biologic response and activity level (9).

We used hyaluronidase to wash the defects. Pre-
treatment of the articular cartilage lesion with enzymes
such as hyaluronidase and chondroitinase has been
advocated to enhance these cell based repair strategies.
Such treatment is intended to improve cell attachment
and possibly promote the integration of the regenerated
repair tissue with the native cartilage (9).

Another problem in our study was closing the
defects. We used periosteal graft since it is easy to get.
With recent studies it has been understood that using
periosteal graft is not effective on its own. In their
study on rabbit stifles, Brittberg et al. (3), reported that,
compared to the group in which chondrocytes were
used, repairing tissues formed in the group periosteal
grafting was employed, is histologically of lower
quality. This led the studies carried with ACT to come
into agenda. Therefore, we did not use periosteal graft
in the dog’s stifles were damaged less and
rehabilitation period was shorter. Because of their
advantages like no donor morbidity, less invasive
surgery and shorter operation time, biologic and
synthetic polymers and tissue engineering products
need to be used in closing and holding the cells in the
defects instead of periosteal grafts (15, 18).

Brittberg et al. (2), carried out a research for the
first time on the usage of ACT in the treatment of
localized cartilage defects of patella or femur condyle
in 23 patients, cultured for 14 and 21 days and they

were injected to the defected region and covered with
periosteal flab. Two years after the transplantation,
good or perfect clinical results were reported about 14
of 16 patients (who had condyle defect) and 2 of 7
patients (who had patellar defect). Hyaline cartilage
was shown in the biopsies taken from one patellar
defect and 11 femoral defects. Finally, they published
results of a bigger group of patients. After the
treatment of chondral and osteochondral defects in
knee through chondrocyte transplantation, subjects
were monitored for 2 or more months and in 47 of 66
subjects there was an increase in function. These
results show that chondrocyte transplantation together
with periosteal grafts increase restoration of joint
surface in humans. But there is still a need for research
to define newly formed tissue and to determine its
functions (2).

To summarize, there are a lot of parameters that
need to be explained, for instance; differences in the
species, the age of the animals, extent of the lesion,
depth of the defect, the lack of retention of the cells in
the defect due to possible displacement of the
periosteal flap, location of the defect (the patella
compared with the trochlea), the numbers of the cells
that can be injected, and immobilization of the
animals.

Consequently, in order to prevent joint surface
damages and degenerative joint defects to occur in the
future, autologous chondrocytes transplantation to
repair osteochondral defects is a new alternative
treatment method. There is a need for further studies
to develop this method.

To sum up; with this project for the first time in
Turkey, cells taken from shoulder joints of the dogs,
healthy chondrocytes were isolated and implanted on the
OCD in the stifle joints at the end successful results were
achieved.
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