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Summary: Although it is not performed as common as in humans, kidney transplantation is an effective treatment option for
end-stage renal failure in dogs and cats. Ischemia/reperfusion injury is an inevitable result of kidney transplantation and it may cause
delayed graft function that leads to a reduction in the longevity of allograft. In this study we aimed to evaluate the effects of Morinda
citrifolia derived fruit juice on post-autotransplant ischemia/reperfusion injury. Twenty four adult, male Spraque-Dawley rats
weighing 300-350 g were used. The rats were randomly divided into three groups of eight each. Rats in the Control Group were
orally administered with saline solution (0.5 ml/day), for 7 days. Rats in M1 Group were orally administered with morinda citrifolia
fruit juice (Alnoni, Hanojou-Europe Ltd, Dinxperlo, Holland), 0.5 ml/day, for 7 days whereas rats in M2 Group were orally
administered with the same morinda citrifolia fruit juice (1 ml/day), for 7 days. In the 8™ day, rats were anesthetized and orthotopic
unilateral renal autotransplantation was performed. Rats were euthanized after 24 hour reperfusion and ischemic kidneys were sent
for histopathological examination. Formalin-fixed paraffin-embedded tissue sections were evaluated and scored according to the
parameters of tubular brush border loss, mononuclear cell infiltration, degeneration, hyalin formation in tubul lumens, thrombosis
and tubular necrosis. Mononuclear cell infiltration in M2 group was found to be significantly different (P<0.05) than those of Control
and M1 groups. Thrombosis was not observed in any of the histopathological sections. As a result, a significant improving effect on
the ischemia/reperfusion injury of Morinda citrifolia fruit juice was not determined in rats after renal autotransplantation.
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Renal ototransplantasyon yapilan sicanlarda morinda citrifolia ‘nin antitrombotik ve anti-iskemik
etkilerinin degerlendirilmesi

Ozet: Bobrek transplantasyonu, son dénem bébrek yetmezliginin tedavisi amaciyla, insanlardaki kadar yaygin olmamakla
birlikte, kedi ve kopekler icin de kullanilan bir renal replasman tedavisidir. Iskemi/reperfiizyon hasar1 ise bdbrek nakillerinde
kaginilmaz olarak karsimiza ¢ikan ve gecikmis gref fonksiyon bozukluguna neden olarak nakledilen organin yagam siiresini kisaltan
bir etken olarak varligini siirdiirmektedir. Bu ¢alisma ile tropikal bir meyveden elde edilen Morinda citrifolia meyve suyunun bébrek
ototransplantasyonu sonrast olusan iskemi/reperfiizyon hasar1 lizerine etkilerini degerlendirmek amaglanmistir. Bu maksatla
agirliklar1 300-350 g arasinda degisen, 24 adet Spraque-Dawley 1rki erkek sigan, Kontrol, M1 ve M2 olmak iizere 3 gruba ayrildi.
Preoperatif olarak, Kontrol grubundaki siganlara % 0,9 NaCl soliisyonu (0,5 ml/giin), M1 grubuna Morinda citrifolia meyve suyu
(0,5 ml/giin), M2 grubuna ise yine Morinda citrifolia meyve suyu (1 ml/giin) oral yolla 7 giin boyunca uygulandi. Siganlar 8. giin
anesteziye alinarak, ortotopik unilateral bobrek ototransplantasyonu gergeklestirildi. Siganlara, 24 saatlik reperfiizyon siiresi sonunda
Otanazi islemi uygulandi ve iskemik bobrekler almarak histopatolojik incelemeye gonderildi. Kesitler, histopatolojik muayene
sonuglarina gore, tubiil firgamsi kenar kaybi, mononiikleer hiicre infiltrasyonu, dejenerasyon, tubul lumenleri i¢inde hyalin olusumu,
tromboz ve tubiiler nekroz parametreleri agisindan degerlendirilerek skorlandi. Mononiikleer hiicre infiltrasyonu agisindan M2 grubu
ile M1 ve Kontrol grubu arasindaki fark ise onemli bulundu (P<0,05). Histopatolojik kesitlerin higbirinde tromboz varligina
rastlanmadi. Sonug¢ olarak sicanlarda, Morinda citrifolia meyve suyunun bdbrek ototransplantasyonlart sonrast olusan,
iskemi/reperflizyon hasari iizerine 6nemli bir iyilestirici etkisi olmadig1 sonucuna varild.

Anahtar sozciikler: Bobrek, iskemi, morinda citrifolia, ototransplantasyon, reperfiizyon.

* This study is summarized from phd thesis.
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Introduction

Transplanted organs experience several episodes of
ischemia/reperfusion injury (IRI) during procurement
and transplantation and it may result in delayed graft
function (DGF) (3). A meta-analysis of 34 studies from
1988 through 2007 concluded that patients with DGF had
a 49% pooled incidence of acute rejection compared to
35% incidence in non-DGF patients (23). Poor kidney
function in the first week of graft life is detrimental to the
longevity of the allograft (17). Because of this reason,
agents proposed to be useful in the clinical setting of
renal IRI, continues to investigate (16).

First successful renal transplantation in cats was
done in 1987 and since than it has become a treatment
choice for cats with chronic renal failure (10). In time,
change the wvessels in recipient side to vascular
anastomosis and nonpenetrating vascular staples like
techniques were described to reduce warm ischemia and
surgical time (1, 10). Although, warm ischemia time was
successfully decreased by nonpenetrating vascular
staples technique, difficulty to use in less than 1.5 mm
renal artery diamater and high price like disadvantages
have rectrict the widespread use in veterinary practice
(10). Because we know that, warm ischemia time greater
than 40 minutes is significantly increased the incidence
of the acute tubular necrosis and allograft rejection,
reducing the effects of IRI still an important issue in
veterinary medicine (1).

Morinda citrifolia has been used in folk remedies by
Polynesians for over 2000 years, and is reported to have
a broad range of therapeutic effects including antioxidant,
antispasmodic  and  vasodilatator,  hypoglycemic,
hepatoprotective and immunstimulant (4, 13, 14, 20). In
toxicity tests of morinda citrifolia, histopathological
changes in kidneys or elevation of serum creatinine
concentrations were not determined even in high doses
(21). Also, inhibitory potential on ethylene glycol
induced nephrolithiasis and urolithiasis were determined
in experimental studies (2, 19).

The aim of our study was to histopathologically
evaluate the effect of morinda citrifolia fruit juice to
protect the renal graft from IRl in unilateral renal
autotranplantation model.

Materials and Methods

Animals and experimental design: Animal
procedures were approved by University of Istanbul,
Animal Experiments Local Ethic Committe (assize
number: 2012/151). Twenty four adult, male Spraque-
Dawley rats weighing 300-350 g were used. All animals
were fed with a standard diet of rat chow and water ad
libitum and kept them in a temperature-controlled
environment (20 °C to 22 °C) with an alternating cycle of
12 hour light and dark.

Rats were divided into 3 groups. For rats in control
group, 0.9 % NaCl solution 0.5 ml/day; in M1 group,
morinda citrifolia fruit juice (Alnoni, Hanojou-Europe
Ltd, Dinxperlo, Hollanda) 0.5 ml/day and in M2 group
the same morinda citrifolia fruit juice 1ml/day were
orally administred for 7 days. The dose of noni fruit juice
was arbitrarily determined based on a previous conducted
study (18). On the other side, frequency of drinking of
noni is more important than the amount was determined
(20). In the eight day, rats were anesthetized and
orthotopic unilateral renal autotransplantation was
performed. Rats were euthanized after 24 hour
reperfusion and ischemic kidneys were sent to
histopathologic examination. The reason of the waiting
for 24 reperfusion is, peak renal injury occured 24 hour
following ischemia and this time point is useful in
monitoring the protective effects of new investigational
agents (22).

Surgical procedures: Anesthesia was obtained by
means of intramuscular injection of xylazine HCI
(Rompun®, Bayer, Turkey) and ketamine HCI
(Ketalar®, Pfizer, Turkey) and maintained with inhaled
isoflurane (Isoflurane USP® Adeka, Turkey). Midline
laparotomy was performed, the small bowel was
exteriorized and wrapped in warm saline-soaked gauze.
The left kidney, inferior vena cava and aorta abdominalis
were exposed. The left renal artery and vein were
mobilized after ligating and dividing the adrenal
branches. Inferior vena cava at the caudal of renal vein
and aorta abdominalis at the cranial of renal artery were
occluded with a clamp. A 26 gauge needle was inserted
into aorta abdominalis in caudal abdomen and kidney
were flushed with heparinized (1000 IU heparine sodium
in 1000 ml solution) 0.9% NaCl. Before unclamping, two
double clamp approximator were applied on left renal
artery and vein (Figure 1a) and two clamps on inferior
vena cava and aorta abdominalis were removed. The
renal artery and vein were sectioned between the tips of
the each approximator and the adventitia was cleared
from the vessel ends to prevent thrombosis. For suturing
the renal artery, 10/0 nylon (Ethilon®, Jhonson &
Jhonson, Belgium) suture material was used with simple
interrupted pattern and for renal vein anastomosis 9/0
nylon (Ethilon®, Ethicon, United Kingdom) suture
material was preferred with simple continious pattern
(Figure 1b,c). The mean warm ischemia time was 62 (+
4) minutes. After the ureter was sectioned, a small stab
wound incision is made in the fundus of the bladder wall,
and then a small forceps clamp is inserted through the
posterior wall. The tip of the ureter is grasped and pulled
into the bladder. One suture is placed at the junction of
the ureter with the bladder, to secure the ureter to the
serosa.
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Figure 1. a, Double clamp approximators were applied on left renal artery and vein, VR: vena renalis, AR: arteria renalis,
CV: inferior vena cava, AA: aorta abdominalis; b, Renal artery anastomosis; ¢, Renal vein anastomosis.

Sekil 1. a, Renal arter (RA) ve vena (RV) iizerine damar yaklastirma klemplerinin yerlestirilmesi, VR: renal vena, AR: renal arter,
CV: inferior vena cava, AA: aorta abdominalis; b, renal arter anastomozu; c, renal vena anastomozu.

Pathomorphologic examination: At necropsy, the
left kidneys were removed and fixed in 10% formalin, for
histopathologic examiation as described previously (12),
stained with hematoxylin-eosin and evaluated under light
microscope. Sections were evaluated and scored,
according to hispathologic examination results for
tubular brush border loss, parenchyma and vacuolar
degeneration in cortical tubul epithelium, hyaline bodies
in tubul lumens, infiltration of mononuclear cells,
thrombosis and tubular necrosis parameters. Severity of
those 6 parameters present on each slide were converted
into a numeric score as follows: 0 (absent), 1 (mild), 2
(moderate), 3 (severe). Intensity and prevalence of these
6 microscopic criteria were numerically evaluated by
examination of 10 different microscopic field in 20x
magnification and than the sum of these numerical scores
were diveded to 10.

Statistical analysis: To compare the 3 groups for
tubular brush border loss, parenchyma and vacuolar
degeneration in cortical tubul epithelium, hyaline bodies
in tubul lumens, infiltration of mononuclear cells,
thrombosis and tubular necrosis scores, Kruskal-Wallis
test and to analyze differences between groups, Mann-
Whitney U test were used.

Results

Although, when looked at the mean scores of the
histopathologic parameters of three groups, anyone can
be simply realized that, morinda citrifolia fruit juice has
reducing effects on tubular brush border loss, degeneration,
hyalin bodies formation in tubul lumens and tubular
necrosis parameters in IRl of kidney (Table 1) but in
statistical analysis of those parameters, any significant
differences between groups were not determined. The
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Table 1. Statistical analysis results of histopathologic parameters.
Tablo 1. Histopatolojik parametrelerin istatistiksel analiz sonuglari.

Control Group M1 Group M2 Group Significance
Parameters
Mean Std. Error Mean  Std. Error  Mean Std. Error  Chi-square  P-value

Tubular Brush Border Loss 2,50 0,19 1,63 0,42 1,63 0,27 4,815 0,09
Degeneration 2,38 0,18 1,88 0,23 1,75 0,31 3,354 0,19
Tubular Necrosis 2,38 0,27 2,13 0,4 2,0 0,5 0,078 0,97
Hyalin Bodies in Tubul Lumens 1,50 0,19 1,88 0,4 1,65 0,5 0,922 0,63
Mononuclear Cells Infiltration 0,50° 0,19 1,0° 0,19 1,25 0,16 6,968 0,03

a, b: The differences between mean values, which expressed in the same row with different letters are important.
a, b: Ayni satirda farkli harfler kullanilarak belirtilmis ortalama degerler arasindaki farkliliklar 6nemlidir.
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Figure 2. Black arrows in photomicrographs showing kidney tissues of control and M2 groups. a, Mild (+1 ) mononuclear cells
infiltration in Control group (40x) (H.E.); b, Moderate (+2) mononuclear cells infiltration in M2 group (40x) (H.E.); ¢, mild (+1)
tubular necrosis in M2 group (20x) (H.E.); d, and severe (+3) tubular necrosis in Control group (40x) (H.E.).

Sekil 2. Fotomikrograflardaki siyah oklar, Kontrol ve M2 gruplarin bobrek dokularini géstermektedir. a, Kontrol grubunda hafif (+1)
mononiikleer hiicre infiltrasyonu (40x) (H.E.); b, M2 grubunda orta derece (+2) mononiikleer hiicre infiltrasyonu (40x) (H.E.); ¢, M2
grubunda hafif (+1) tubuler nekroz (20x) (H.E.); d, Kontrol grubunda siddetli (+3) tubuler nekroz (40x) (H.E.).
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presence of thrombosis was not observed in any of the
histopathologic sections. Infiltration of mononuclear
cells in lenfoid character in M2 group were found to be
significantly different (P <0.05) than those of Control
and M1 groups and it was the one statiscally significant
result in our study (Table 1). The histopathologic
sections about tubular necrosis and infiltration of
mononuclear cells in lenfoid character can be seen in
Figure 2.

Discussion and Conclusion

Agents proposed to be useful in the clinical setting
of renal IRI, continues to investigate. Fruit juice of
Morinda citrifolia is a well-known health drink and has
various pharmacological properties including antioxidant
and anti-inflammatory effects (5, 6, 8, 11, 15). On the
other side, very few studies have been made on anti-
ischemic effect of Morinda citrifolia and those studies
related to the effects on brain damage associated with IRI
(7, 9). Researchers were figured out the IRI preventive
mechanism of morinda citrifolia in one of those papers
and in conclusion they found that morinda citrifolia
could facilitate insulin secretion after ischemic stress and
attenuate the development of glucose intolerance, which
may lead to its protective effect against ischemic stres
(8).

On the other hand, modulatory effect of Morinda
citrifolia against ethylene glycol induced nephrolithiasis
and treatment results of ethylene glycol and ammonium
chloride induced kidney disease were carried out (2, 19)
but histopathologic data obtained in these two studies
were not detaily evaluated.

Also, inflammatory cell infiltration is not a normal
histopathologic finding in renal ischemia-reperfusion
injury (22) and observation of intense infiltration of
mononuclear cells in lenfoid character in M2 study group
can be explain with dose dependent result of Morinda
citrifolia.

Above all, organ transplantation is a different issue
and almost all of the transplant recipients (except
identical twins) have to use some immunosuppressive
drugs in lifelong manner. As we mentioned before,
morinda citrofolia have some important features like
antioxidant and hypoglycemic effects but other side
morinda has some immunstimulant effect which we don’t
want in pre and post-transplantation period.

In conclusion we found that, morinda citrifolia fruit
juice did not have statisticaly important IRl reducing
effect in rat kidney after unilateral autotransplantation
and infiltration of mononuclear cells in lenfoid character
in M2 group was leaves as a question mark for
allotransplantations which may lead to harmful effects in
immunsuppressed allograft recipients.
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