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SUMMARY

It was reported that ischemia-reperfusion injury
(IRI) is a major cause of acute renal damage in
both the native and transplanted kidneys. Sixteen
clinically healthy male dogs were exposed to 45
minutes renal ischemia followed by reperfusion
and unilateral nephrectomy. Those dogs were
subdivided equally into 4 groups. Gp.(1) was the
positive control, gp.(2) was treated with vitamin
E (20mg / kg Bwt/ day), gp.(3) was treated with
ascorbic acid (30mg / mg / kg Bwt/ day) and gp.
(4)was treated with both drugs. The experimental
dogs were sacrificed, 7day after surgery. Speci-
mens were taken from the left kidney in all

groups.

The serum creatinine, urea nitrogen and potas-
sium levels were significantly increased while the
serum sodium and creatinine clearance were re-
duced in all groups, compared with the basal val-

ue. The urine of the positive control group con-

225

tained protein and blood, besides hyaline and cel-
lular casts. Gps. (2&3) showed a weak improve-
ment in the renal function while gp. (4) relieved
some of the damage induced by the renal ische-
mia- reperfusion. Microscopically gp.(1) showed
diffuse coagulative necrosis of the renal epitheli-
um. Also casts were present inside the lumina of
the renal tubules.Gp.(2) showed moderate necrot-
ic or degenerative changes of some tubular epi-
thelium accompanied with contraction of some
glomerular tufts and leukocytic infiltration. Gp.
(3) showed periglomerular leukocytic aggrega-
tions mainly lymphocytes with lobulation of
some glomerular tufts and various degenerative
or coagulative necrosis. Gp.(4) showed that the
majority of renal tubules suffered from hydropic
degeneration,cloudy swelling and some of them

revealed necrotic changes with absence of nuclei.

It could be concluded that the combined vitamin
E and ascorbic acid treatment partially ameliorat-

ed the renal IRI.



INTRODUCTION

Renal warm ischemia reperfusion injury in clini-
cal practice is a consequence of both systemic
hypoperfusion (e.g. shock and acute myocardial
infarction) with subsequent circulatory resuscita-
tions and local renal hypoperfusion following re-
nal transplantation (Weight et al., 2001), unilater-
vascular

al nephrectomy, renal

surgery,
enucleation of renal cell carcinoma (Saito and
Miyagawa, 2000) and aortic cross clamping

{(Weight et al,,1998).

Renal ischemia is a major cause of acute renal
failure (ARF). It initiates a complex of interrelat-
ed sequences, resulting in injury and eventual
necrosis of the renal cells (Lieberthal and Levine,
1996 and Thadhani et al., 1996). The prognosis is
bad due to the fact that reperfusion, although
essential for the survival of the ischemic renal tis-
sue, causes additional damage contributing to
renal dysfunction and injury Lieberthal and
Levine, 1996 ,Thadhani et al., 1996 and Weight
et al.,1996).

Reperfusion of the ischemic organ (especially
during transplantation) causes the release of
superoxide, which exacerbates the primary inju-
ry,induced by ischemia (Bonventre, 1993). In or-
der to reduce these metabolites, many studies
have examined a variety of free radical oxygen
scavengers. These include the effects of external

supplementation of antioxidants (Gianello et
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al.,1996 , Mathews and Gregory ,1997, Lee et
al.,2006 and Bayrak et al.,2008).

It was reported that vitamin E (alphatocopherol)
and vitamin C (ascorbic acid )are powerful anti-
oxidants that react rapidly with a variety of oxi-
dants .They represent the first line of antioxidant
defense (Unal et al., 2002) which may improve
the renal transplant function ,especially in grafts
donated from marginal donors (Loong et al.,2004)
. They attenuated the warm unilateral renal I/R in-
jury in the pigs (Kim et al., 2007). Ascorbic acid
has been used to improve the renal hemodynam-
ics as well as decrease the oxidative stress, in-
flammation and fibrosis in the ischemic kidney of
pigs (Chade et al., 2003).

Our experimental study aimed to examine the ef-
ficacy of vitamin E and/or ascorbic acid to ameli-
orate the renal IRI in dogs with the aim to im-
prove the outcome of renal transplantation by

attenuating the renal IRL
MATERIAL AND METHODS

Sixteen male,mixed breed dogs (10-13 kg B.wt)
were acclimatized and maintained on a standard
diet for 1 week before the surgical procedure.The
experimental dogs were premedicated with intra-
muscular injection of atropine sulphate (0.04 mg /
kg B.wt ) followed by intramuscular injection of
xylazine Hcl (1 mg / kg B.wt), ketamine Hcl (10

mg /kg B.wt) and the anaesthesia was maintained
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by intravenous injection of thiopental sodium
(2.5%).

The abdominal skin was aseptically prepared. A
midline abdominal incision was done. The left
kidney was exposed and it was carefully dissect-
ed from the perirenal tissue and fat. Both the re-
nal artery and vein were clamped with an atrau-
matic clamp (Fig.1). Heparin (150 IU /kg body
weight) was given intravenously three minutes
before ischemia. After 45 minutes of warm ische-
mia(Fig.2), the vessels were unclamped and the
blood reflow to the left kidney was verified visu-
ally and then nephrectomy to the right kidney
was performed. The technique was performed on
sixtecen dogs, equally divided into 4 groups
(gps.1-4). Group (I) was the positive control.
Gp.(2) was intramuscularly injected with vitamin
E (20mg/ mg / kg Bwt/ day E-viton, Kahira
Pharm. and Chem. Ind. Co.-Cairo-Egypt) ,one
day before ischemia and for 6 successive days
post operation. Gp.(3) was injected intravenous
with ascorbic acid, one day before ischemia and
for 6 successive days post operation (30 mg / kg
Bwt/ day, Cevarol, Memphis Co. for Pharm. and
Chem. Ind.-Cairo-Egypt. Gp.(4) was treated with
combination of Vit E and ascorbic acid , one day
before ischemia and for 6 successive days post

operation, at the same doses.
Two blood samples were collected from the ce-
phalic vein before the operation (basal value) and

after 2, 3,4, 5 and 7 day from the operation. The
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first blood sample (0.5ml) was collected from
each dog on disodium salt of EDTA and used for
the estimation of erythrocytic count and pcv
(Feldman et al.,2000) and hemoglobin (Zijistra
,1960). The second blood sample (5 ml) was col-
lected in a centrifuge tube to separate the serum
for the determination of the serum creatinine
(Henry , 1974), blood urea nitrogen (Patton and
Crouch , 1977), potasium (Sunderman and Sun-
derman ,1958)) and sodium (Trinder ,1951). Dai-
ly urine samples were collected from each cage
and urine analysis was done microscopically and
chemically by using a reagent strip (Yoder et
al.,1965). The urine volume was measured then a
sample was taken for the estimation of urine crea-

tinine.

The creatinine clearance was measured by the

following equation (Kneko et al.,1997) .

Ccr =Urine creatinine (mg/dl) XUrine volume (ml/24h)=ml/min
Serum creatinine (mg/dl) X1440(min)

The experimental dogs were sacrificed 7 days
post operation( p.o.). Specimens, from the left
kidney of each group, were fixed in 10% neutral
buffered formalin. Five micron thick paraffin sec-
tions were prepared , stained with hematoxylin
and eosin(H&E) (Banks ,1981) and examined mi-

croscopically.

All the obtained data were analyzed using two
way anova of SPSS statistical analysis system

package (SAS, 2000). The study used the factori-
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al design, General Linear Model (GLM).

RESULTS

All groups showed non significant decrease in the
erythrocytes , pcv and hemoglobin (Tables 1-3).
Gps.(1-4) exhibited a significant increase in the
serum concentrations of creatinine and urea nitro-
gen ,when compared with the basal value, sug-
gesting a significant degree of glomerular dam-
age mediated by renal IRI. There was a
significant reduction in the creatinine clearance
value which is used as an indicator for the glo-
merular filtration rate and thus glomerular func-
tion. Treatment by vitamin E(gp.2) or ascorbic
acid (gp.3) produced a significant decrease in the
serum creatinine ,while the creatinine clearance
was increased throughout the experimental period
when compared with the untreated group. The
blood urea nitrogen showed similar result except
gp.(3)which showed a significant decrease on the
3rd day post operation. Gp.(4) showed a signifi-
cant reduction in the serum levels of creatinine
and urea nitrogen ,during the experimental peri-
od, together with an increase in the creatinine
clearance when compared with the positive con-
trol(gp.1). Moreover a significant improvement
was noticed when compared with each drug alone
(Tables 4-6). Hyperkalemia was found in gps.(1-
4) when compared with the basal value. This hy-
perkalemia was evident on the 2"d day post oper-
ation (gp.1) and on the 3™ day post operation in

gps.(2-4). A significant decrease in the serum po-
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tasium was found in gps.(2-4)throughout the ex-
perimental period when copared with gp.(1). (Ta-
ble 7). Hyponatremia was present in gps.(1-4)
during the experimental period when compared
with the basal value. This hyponatremia was im-
proved in gps.(2-4)when compared with the un-

treated group (Table 8 ).

Nearly all dogs showed traces of proteinuria be-
fore the operation. The urinalysis revealed eryth-
rocytes in all groups on the 2" day ( p.o.) .The
microscopic examination of the urine revealed
hyaline casts on the 3td day (p.o.) and epithelial
casts on the S5th day till the end of the experi-
ment in gp.(1). Hyaline casts were present on the
4th day till the end of the experiment in the urine
of the other groups . Also proteinuria was found
in all groups during the experimental period. The

details of urinalysis are illustrated in table( 9).

The left kidney was dark- purple during the ische-
mia (Fig. 2) and returned to its normal color after
reperfusion. The experimental dogs began to
walk, eat and drink one day po. All the animals
survived for 7 days po and were sacrificed. At the
time of sacrifice, the left kidney was slightly
small particularly in gp.(1). Macroscopically,
there were no lesions in the visceral organs. Gp.
(1) showed diffuse coagulative necrosis of the re-
nal epithelium(Fig.3)which was intensely infil-
trated with leukocytes mainly mononuclears. Re-
nal casts (hyaline and cellular) were detected

within the lumina of some collecting tubules
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(Fig.4). Gp.(2) showed moderate necrotic and
degenerative changes of some renal epithelium.
Fig.(5) showed contracted glomerular tufts and
leukocytic infiltration in the renal parenchyma.
Some regenerative attempts were encountered in
the tubular epithelium. A few renal casts were
seen. Gp.(3) showed periglomerular leukocytic
aggregations, mainly lymphocytes ,besides lobu-
lation of some glomerular tufts and various de-

generative and coagulative necrosis (Fig. 6).

Some glomeruli had thickened glomerular base-
ment membrane with interstitial round cell ag-
gregations. The collecting tubules showed hydro-
pic degeneration. The majority of the renal
tubules(gp.4) suffered from hydropic degenera-
tion,cloudy swelling with frequent necrotic
changes where the nuclei were absent (Fig. 7).
Some cellular casts could be seen within the lu-
mina of some renal tubules. A few scattered ex-
vasated erythrocytes could be seen among the ne-

crotic renal tubules.

Table (1): Erythrocytes (x 10%/ul) of dogs in gps.(1-4)during 7 day PO,(mean-+SE).

ime/day Basal 2 3 4 5 7
Groups .
1 6.45 6.25"° 586" 5.64° 543% [-4.80°
0.19 +0.28 +0.23 +0. 22 +0:21 +0.26
2 641" 6207 5.907 5.807 563" | 515%
- £0.25 0.34 +0.35 +0.29 30.33 +0.21
3 640" 630" 593" 5857 568°% 525°
+0.24 +0.30 +0.26 +0.30 +0.28 .| +0.16
4 6437 630° | 623" 5.88° 6.00%-. 5.90F
10.20 +0.26 +0.22 10.36 +0.08 +0.06
Table (2): PCV % of dogs in gps.(1-4)during 7 day PO,(mean-+SE).
ime/day Basal 2 3 4 5 7
Groups .
-1 36.50* | 36.00* | 35.75% | 3550°* | 35.00° | 33.75"
+0.96 +0.91 +0.95 +1.44 +1,.08 | *1.44
2 3625 | 35775 | 35.75" | 35.50* | 35.25* | '34.50°
+0.75 +1.11 +0.91 +0.87 +.75 +1.32
3 36.00* | 36.00® | 35.75.% | 3550* | 35.50* | 3475
. +1.15 +1.08 +0.63 | £0.1.04 | £1.19 +0.95
4 36.25% | 36.25% | 36.00% | 35.75% | 35.75% | 35.25°
+0.95 +1.38 +0.75 +0.48 +1.11 +0.75

Table (3): Hemoglobin gm % of dogs in gps.(1-4)during 7 day PO,(mean-+SE).

ime/day Basal 2 3 4 5 7
Groups .

1 12.20* 12.07* ] 11.90* | 11.78* | 11.70* | .11.50°

+0.14 +0.14 +0.21 +0.37 +0.45 +0.29
2 12.03% 11.98% | 11.85* | 11.80* | 11.80* | 11.65°
) +0.09 +0.18 +0.21 +0.31 +0.15 - +0.38
3 12.15% 1200% | 11.88* | 11.83* | 11.80°% | 11.70*

+0.18 +(.21 +0.13 +0.37 +0.19 | +0.26
4 12.10* 12.00% | 11.95* | 11.88° 11.89* | 11.90*

+0.20 +0.25 +0.08 +0.28 +0.33 +0.32 -
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Table (4):Serum creatinine (mg/dl) of dogs in gps.(1-4)during 7 day PO,(mean-+SE).

Table (5): Creatinine clearance (ml/min) of dogs in gps.(1-4)during 7

me/day Basal 2 3 4 5 7
Groups ,
1 0.70" 3.80% [ 4987 | 420° 3.58° 7] 3.65°
+0.05 +026 | 1026 | +0.18 0.10 0.12
2 0.71 ¢ 2937 [ 355° | 2959 | 2337 | 2.43° |
+0.06 0.23 +0.21 +0.06 | #0.13. | #0.12
3 072" | 283%® | 343° | 283% | 230" 2307
10.05 +0.11 +0.18 | +0.13 10.19 +0.19
4 0.69% | 250 | 2937 | 1.80% | 145% | 143¢%
+0.04 $0.16 | 0.15 | %0.11 +0.13 +0.10
*L.SD=0.429 *Mean carrying different superscripts are significant at P<0.05

day PO,(medan-+SE).

" Time/dayl oo cal 2 3 4 5 7
roups
1 3834° | 1.66% | 046" 1.03™ | 3.73% | 363 % |
£2.35 +0.13 10.05 +0.11 +0.07 | +0.09
2 3745% | 4077 [ 341 % | 492 |726cde| 7.28°%
+1.69 +0.11 +0.15 +0.11 +0.28 -| +0.14
3 38537 | 4437 | 357% | 510¢ | 8.18¢c | 823°
£1.99 | +0.09 +0.16 0.15 +0.47 | +0.48
4 3788% [532%f | 3.83% | 765 | 13.90° | 13.64°
+1.99 | #0.17 +0.16 $0.22 | 2023 - | +0.27
*LSD=2.38 *Mean carrying different superscripts are significant at P<0.05
Table (6): BUN (mg/dI) of dogs in gps.(1-4)during 7 day PO,(mean-+SE).
A ime/day) gl 2 3 1 5 7
roupS
1 19.60™ | 60.79 % | 69.50° | 59.89 = | 48.11' | 47.50
: +070 +0.91 +1.32 +0.88 +0.75 +0.96
2 19.78 5892 | 64.13° | 5090 * | 38.56F | 37.75 %
+0.73 +1.18 +0.76 +0.79 +0.88 +0.75
3 2040™ | 5820 | 63.03™ | 49.75™ | 38.G0F | 36.75%
+0.83 +1.18 +0.82 +0.85 +0.81 +0.85
4 19.99™ 56.35% | 62.00°° | 44587 | 30.75' | 29.25"
10.82 +0.71 +0.91 +0.87 +0.75 | +0.48

*[,.SD=2.45Mean

*Mean carrying different superscripts are significant at P<0.05

Table (7): Serum potasium (meg/L) of dogs in gps.(1-4)during 7 day PO,(mean-+SE).

ime/dayl g cal 2 3 4 5 7
[Groups ) ]
1 403% 4.751¢ 537% | 531° 5.23% | 517%°
+0.10 $0.15 +0.12 +0.14 +0.14 +0.13
2 4008 | 425 | 486%9 ] 479 470% | 466°%
+0.14 +0.09 +0.18 10.16 +0.18 $0.19
3 . 405¢ 420" 483° | 475°¢ 4709 | 461°%
+0.10 +0.04 +0.14 +0.13 $+0.81 | .0.12
4 4058 | 423 | 470% | 4659 | 459% [ 448% |
+0.13 $0.17 $0.18 $0.14 +0.12 +0.12
*LSD=0.389 :

*Mean carrying different superscripts are significant at P<0.05
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Table (8): Serum sodium (meq/L) of dogs in gps.(1-4)during 7 day PO,(mean-+SE).

*L.SD=2.20 *Meﬁn carrying different superscripts are significant at P<0.05

Timeday g0 | 3 3 4 5 | 7
Groups

1 140.59* [ 134.53 ¢ | 125365 | 116,98 | 115,257 | 110.93 *
| £120 | 2067 | 071 | 060 | 072 | +0.68
2 140.88* [ 136.95° 1 129.13" | 126.738 | 125838 122.75"

+101 | 2081 | 031 | 2089 | £096.| +0.48
3 140.60° | 137.30° | 129.88 % | 127.56 ® | 12595 | 123.55™

+095 | 047 | 097 | 077 | 064 | £1.78
4 141.00* 1138.00° | 131.68% {130.75 de | 129.00 **| 126.66*

071 | £116 | 026 | 048 | 091 | +0.64

Table (9): Chemical and microscopic examination of dogs dogs in gps.(1-4)during 7 day PO.

Parameters RBCs Hyaline casts | Epithelial casts Protein
) - -
Group. <|ulwl: j-u-g jvu-o <ol
P HEENPEHEHRPIHEEEEPIHEE S
s m ot ;M
1 +H - HHiHH] -] - ++§%HHH%
: J&| -
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g
i
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al.
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Figs. (1&2):
I. Clamping the left vessels of the kidney with a traumatic forceps at the be-
ginning of ischemia.

2. Left kidney after 45 minutes from the béginning of ischemia.
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Figs. (3-6):

3. Gp.(1), kidney showing diffuse coagulative necrosis of the renal epithelium (H&E., X1200).

4.Gp.(1), kidney showing casts inside the lumina of the renal tubules (H & E., X1200).

5.Gp.(2), kidney showing moderate necrotic or degenerative changes accompanied with leukocytic
infiltration of the renal parenchyma (H & E.,.X 120).

6.Gp.(3).kidney showing periglomerular lymphocytic aggregations and lobulated glomerular  tufts
H & E. X 120). ]

7.Gp.(4), kidney showing that the majority of renal tubules suffered from severe hydropic degencra-
tion and some of them revealed necrotic changes (H & E.,. X 120).
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DISCUSSION

The oxidative stress is an imbalance between the
oxidants and antioxidants (Sies ,1997), and prob-
ably contributes to the development, progression
and complications of both acute and chronic renal
failure which is characterized by increased pro-
duction or decreased elimination of oxidants
( Andreoli, 1991).The employment of the antiox-
idants (Vits. E&C), in our study, was reasonably
effective in the amelioration of the renal IRI dam-
age, thus, it may improve the outcome of the re-
nal transplantation from dead donors. The addi-
tion of ascorbic acid protected the renal tissue
against the reperfusion injury and so it may help
the recovery of the renal function after renal
transplantation (Lee and Kim, 2006). The ascor-
bic acid reduces the level of the reactive oxidant
species, both

(Theanacho et al

intracellular and extracellular

., 1993). Vitamin E is a chain-
breaking antioxidant with the particular function
of scavenging peroxide radicals in order to pre-
vent lipid peroxidation in the membrane systems
(MacDonald-Wicks and Garg, 2003 and Sumi-
en et al., 2003).Vitamin E supplement proved to
be protective against the effects of the oxidative
stress (Sakarya et al.,1999)and is essential for
protecting the aging kidneys against the ischemic
acute renal failure (Shimizu et al., 2004). The
present work showed that the renal ischemia re-
perfusion injury caused degenerative changes in
the renal tissue as was clarified by both the clinic-

opathological and histopathological means of in-
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vestigation. This renal damage was elucidated by
the increased serum creatinine, urea nitrogen and
hyperkalemia together with decreased creatinine
clearance and serum sodium .Also, the presence
of proteinuria and hematuria, besides hyaline and
cellular casts in the urine indicated degenerative
changes in the kidney. Such biochemical changes
are the outcome of the nephropathy which was
manifested by diffuse coagulative necrosis of the
renal epithelium, The renal IRI injury was mani-
fested by tubular necrosis and dysfunction, as
well as glomerular injury, vasoconstriction of
the glomerular tufts and dysfunction (Weight
et al.,1998, Chander Chopra 2005,
Rhoden et al,, 2005 and Troncoso et al.,2005).

Regarding to the erythrocytes, our results proved

and,

a non-significant decrease in all groups which
was pronounced in the non treated groups. This
may be due to a decrease in the production of
erythropoietin( which is normally formed in the
kidney), retention of the toxic substances in the
blood which depress the marrow function and re-
duce the life span of erythrocytes and dilute of
the blood by retained water (Anagnostou and
Kurtzman ,1986 Walter and Isreal, 1987, and

Kneko et al.,1997).

We found that the combined treatment with both
vitamin E and ascorbic acid caused a significant
improvement in the various measured parame-
ters(serum creatinine, creatinine clearance ,blood
urea nitrogen,serum potassium and sodium) ,

when compared with the positive control. The re-
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nal function was significantly still less than the
basal rate. This indicates that the combined treat-
ment although was beneficial, but not sufficient
to relief all the damage induced by the renal IR
Nearly similar findings were previously obtained
( Unal et al., 2002) as they concluded that the
administration of vitamin E plus ascorbic acid
caused a mild improvement of the renal IRI dam-

age.

It could be concluded that the combined treat-
ment with ascorbic acid and vitamin E partially
alleviated the renal IRI. Further molecular stud-
ies, are needed to elucidate the pathogenesis of
the renal IRI damage to maintain the viability of

the transplanted organs.
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