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Abstract

Background: Cisplatin has a major nephrotoxic effect.

Aim of Study: To evaluate the protective effect of vitamin
C against cisplatin-induced nephrotoxicity.

Material and Methods: Sixty adult albino rats divided
into 5 groups; group I (10 rats; control), group II (10 rats);
received single dose of cisplatin 6mg/kg IP. Group III (10
rats); received single dose of cisplatin 6mg/kg IP 6 hours after
single dose of oral vitamin C 350mg/kg. Group IV (15 rats);
received single dose of cisplatin 2mg/kg/week for 4 weeks
IP and subdivided into three subgroups (5 rats each). Group
V (15 rats); received single dose of cisplatin 2mg/kg/week
for 4 weeks IP 6 hours after single dose of oral vitamin C
350mg/kg and subdivided into three subgroups (5 rats each).
Kidneys were dissected and stained by (H&E), Masson's
trichrome (MT) and Periodic acid Schiff (PAS) and examined
by light microscopy, and fresh tissue taken from group I, IV-
B and V-C examined by electron microscopy.

Results: Our results showed toxic effect of cisplatin on
renal glomeruli and proximal tubular lining in group II with
improvement in group III, chronic toxicity effect in group IV-
C in the form of hyaline casts and thickened BM with apparent
improvement in group V.

Conclusion: We conclude that the vitamin C has a protec-
tive effect against cisplatin- induced nephrotoxicity.
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Introduction

CISPLATIN is a major chemotherapeutic drug
used for treatment of various types of malignant
tumors including lung small cell carcinoma, ovarian
carcinoma, lymphomas and germ cell tumors, 20%
of patients receiving high-dose cisplatin or long
term therapy have severe renal dysfunction [1].
Cisplatin has a number of side-effects as: Nephro-
toxicity, neurotoxicity, nausea, vomiting, ototoxic-
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ity, electrolyte disturbance, bone marrow suppres-
sion and hemolytic anemia [2] . In rats, the proximal
tubules of S3 segment accumulates the highest
concentration of cisplatin, followed by the distal
collecting tubules and proximal tubules of S 1
segment [3]. In vivo mechanisms of cisplatin neph-
rotoxicity are complex and involve oxidative stress,
apoptosis, inflammation, and fibrogenesis. High
concentrations of cisplatin induce necrosis in prox-
imal tubular cells, whereas lower concentrations
induce apoptosis [4] . Reactive oxygen species
(ROS) directly act on cell components, including
lipids, proteins and DNA, and destroy their structure
and implicated in the pathogenesis of acute cispl-
atin-induced renal injury [5].

There is increasing evidence that administration
of antioxidants may reduce the nephrotoxicity of
cisplatin without interfering with its anti-tumor
activity [6] . Ascorbic acid is well known for its
antioxidant activity acting as a reducing agent to
reverse oxidation in liquids. When there are more
free radicals (reactive oxygen species) in the human
body than antioxidants, the condition is called
oxidative stress [7]. Some compounds with antioxi-
dant property such as silymarin, vitamin C and
vitamin E have been found to have renoprotective
function in animal studies [8]. Vitamin C or L-
ascorbic acid or L-ascorbate is an essential nutrient
for humans and certain other animal species. In
living organisms ascorbate acts as an antioxidant
by protecting the body against oxidative stress [9].
Vitamin C shows protection in a dose-dependent
manner on cisplatin-induced oxidative damage on
rat kidneys [10].

Patients and Methods

This study included 60 adult albino rats, weigh-
ing 200-250g. housed in cages, one animal each,
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under good hygienic conditions, fed ad libitium
and allowed free water supply.

Cigplatin obtained from Bristol-Myers Squibb
Company was available as ampoules 10mg/10ml
saline, (Img/ml).

Vitamin C obtained from El-Hadidi Pharma
Company was available as oral drops 1500mg/
15ml, (100mg/ml).

The rats (at animal house Facuity of medicine
El Azhar university) were divided into five groups:

» Group | (Control group): Included 10 rats, the
animals of this group did not receive any medi-
cation.

» Group II: Included 10 rats received single dose
of cisplatin 6mg/kg intraperitoneally (1P) [11]
and sacrificed after 4 weeks.

* Group I1I: Included 10 rats received single dose
of cisplatin 6mg/kg IP 6 hours after a single dose
of oral vitamin C 350mg/kg [11] and sacrificed
after 4 weeks.

» Group IV: Included 15 rats, received single dose
of cisplatin 2mg/kg/week for 4 weeks IP [127],
and subdivided into three subgroups (5 rats each);
group 1V-A were sacrificed after 2 weeks and
group IV-B after 4 weeks from the beginning of
the experiment, and group I'V-C were sacrificed
after 4 weeks from cisplatin withdrawal .

» Group V: Included 15 rats, received single dose
of cisplatin 2mg/kg/week for 4 weeks | P. Each
dose was given 6 hours after a single dose of
oral vitamin C 350mg/kg. This group was subdi-
vided into three subgroups (5 rats each); group
V-A were sacrificed after 2 weeks and group V-
B after 4 weeks from the beginning of the exper-
iment, and group V-C sacrificed after 4 weeks
from cisplatin withdrawal.

All rats were anaesthetized using ether inhala-
tion; both kidneys were extracted, fixed in 10%
formalin solution and processed for preparation of
paraffin blocks, and stained by Haematoxyline &
Eosin (H&E), Masson's trichrome (MT) and Peri-
odic acid Schiff (PAS) to be examined by light
microscope. Some tissue from groups|, 1V-B and
V-B were fixed in gluteraldehyde for preparation
of ultrathin sections and stained with uranyl acetate
and lead citrate to be examined by transmission
electron microscope (TEM). Spescimens were
eliminated and prosscesed at Institute for Fungi
Faculty of Science and Histology Department Al-
Azhar University in 2015.

Results

This study included 60 rats divided into 5
groups; I, I1, 111 (10 ratseach), IV and V (15 rats
each) divided into 3 subgroups; A, B and C (5 rats
each).

Group I: (Control group; 10 rats):Showed
average glomerular cellularity, patent Bowman's
spaces, average proximal tubular lining with brush
borders, average distal tubular lining and average
interstitium (Fig. 1).

PAS. Showed more or less normal glomerular
BM with preserved proximal tubular brush border

(Fig. 7).

Masson's trichrome: Showed minimal distribu-
tion of collagen fibersin the renal interstitium
(Fig. 13).

EM: Showed glomerular loops of capillaries
lined by fenestrated endothelium resting on tri-
laminar glomerular basement membrane (BM),
podocytes sending primary as well as secondary
foot processes resting on the glomerular BM, nar-
row peri-glomerular spaces devoid of any cellular
debris. The proximal tubular lining cells showed
rounded mid-positioned nuclel with peripheral
chromatin condensation and profuse tall micro-
villi forming the brush border. The distal convoluted
tubules lacked the prominent microvilli and had
less cytoplasm than those of the proximal convo-
luted tubules (Fig. 19).

Group I1: (10 rats; received single dose of
cisplatin 6mg/kg I1P): Showed irregular shrunken
congested glomeruli with dilated peri-glomerular
spaces. Most of renal tubules showed well defined
BM, numerous cytoplasmic vacuoles of epithelial
lining, and interstitial peri-vascular inflammatory
cellular infiltrates (Fig. 2).

PAS showed thickening of the basement mem-
brane (BM) of the glomeruli, Bowman's capsule
and tubules with distorted apical brush border

(Fig. 8).

Masson's trichrome: Showed excess deposition
of collagen fibersin the peri-tubular tissue of the
rena cortex (Fig. 14).

Group I11: (10 rats; received single dose of
cisplatin 6mg/kg IP six hours after a single dose
of oral vitamin C 350mg/kg): Showed hypertrophy
of glomeruli, widened peri-glomerular spaces and
granularity of the cytoplasm of the renal tubular
lining with decreased vacuoles (Fig. 3).
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PAS. Showed more or less normal basement
membrane (BM) of the glomeruli, Bowman's cap-
sule and tubules (Fig. 9).

Masson's trichrome: Showed minimal deposi-
tion of collagen fibersin the interstitium of the
renal cortex (Fig. 15).

Group 1V: (15 rats; received single dose of
cisplatin 2mg/kg/week for 4 weeks | P).

Group IV-A: (5 rats; sacrificed after 2 weeks
from the beginning of the experiment): Showed
congested glomerular and inter-tubular blood cap-
illaries, edema and foca interstitial mononuclear
cellular infiltrates (Fig. 4).

PAS Showed thickening of the basement mem-
brane (BM) of the glomeruli, Bowman's capsule
and tubules.

Masson's trichrome: Showed minimal deposi-
tion of collagen fibersin the interstitium.

Group IV-B: (5 rats; sacrificed after 4 weeks
from the beginning of the experiment): Showed
shrunken and congested glomerular tuft with dilated
peri-glomerular spaces. Renal tubules are cystically
dilated with hyaline casts and numerous cytoplas-
mic vacuoles of epithelial lining. The interstitium

showed peri-tubular inflammatory infiltrate.

PAS. Showed thickening of the basement mem-
brane (BM) of the glomeruli, Bowman's capsule
and tubules (Fig. 9).

Masson's trichrome: Showed deposition of
excess collagen fibers in between the tubulesin
the renal cortex (Fig. 16).

EM: showed areas of thickening of the glomer-
ular basement membrane and effacement of the
secondary foot processes of the podocytes. The
proximal tubular lining cells showed dark nuclei
with clumped chromatin, invagination of the nu-
clear envelope, vacuolization of the cytoplasm and
ballooning of the mitochondriawith loss of their
cristae. The mitochondria were fewer than the
normal group and the basal infoldings encircling
the mitochondria were lost. The basement mem-
brane was thickened with many large lysosomes,
the distal tubular lining cells showed small dark
electron dense nuclel and disorganization of the
basal mitochondriawith loss of their cristae (Fig.
20).

Group IV-C: (5 rats; sacrificed 4 weeks after
withdrawal of cisplatin): Showed shrunken glomer-
ular tuft, and widened peri-glomerular spaces.
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Renal tubules are cystically dilated with hyaline
casts and numerous cytoplasmic vacuoles of epi-
thelial lining and thickened BM, congested renal
blood vessels with focal interstitial and peri-tubular
inflammatory infiltrate in all examined sections

(Fig. 5).

PAS. Showed thickening of the basement mem-
brane (BM) of the glomeruli, Bowman's capsule
and tubules (Fig. 10).

Masson's trichrome: Showed interstitial dense
deposition of collagen fibers (Fig. 17).

Group V: (15 rats; received single dose of
cisplatin 2mg/kg/week for 4 weeks IP):

Group V-A: (5 rats; sacrificed after 2 weeks
from the beginning of the experiment): Showed
marked improvement with more or less normally
appearing glomeruli with normal cellularity and
normal peri-glomerular spaces. Both proximal and
distal tubules showed normal cellularity and uni-
form nuclei (Fig. 6).

PAS: Showed dight thickening of the glomerular
basement membrane.

Masson's trichrome: Showed minimal deposi-
tion of collagen fibersin the interstitium.

Group V-B: (5 rats; sacrificed after 2 weeks
from the beginning of the experiment): Showed
marked improvement with slightly congested
glomerular and inter-tubular blood capillaries, renal
tubules with more or less normal epithelial lining
with regression of vacuolar ateration.

PAS Showed slight thickening of the glomerular
basement membrane (Fig. 12).

Masson's trichrome: showed minimal deposition
of collagen fibersin the renal interstitium (Fig.
18).

EM: Showed glomerular capillaries with fenes-
trated endothelium and podocytes resting on the
tri-laminar basement membrane. The glomerular
basement membrane was slightly thickened, the
proximal tubular lining cells showed normal nuclei
and mitochondria with intact cristae perpendicular
to the thin basement membrane with intact apical
microvilli and apical pinocytic vesicles, the distal
tubular lining cells showed normal rounded and
intact nuclei, few small microvilli and basal mito-
chondriawith intact cristae (Figs. 21,22).
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Group V-C: (5 rats; sacrificed 4 weeks after
withdrawal of cisplatin): Showed slight dilatation
of peri-glomerular spaces, average renal tubules
with lining epithelium showing slight vacuolar
alteration and uniform nuclei.

Fig. (1)

Fig. (3)

Fig. (5)

PAS Showed dlight thickening of the glomerular
basement membrane.

Masson's trichrome: Showed minimal deposi-
tion of collagen fibersin the renal interstitium.

Fig. (2)

Fig. (4)

Fig. (6)

Fig. (1): Group | (contral). Fig. (2): Group I1: Showing shrunken irregular glomerulus (G), dilated peri-glomerular
space (PS), numerous cytoplasmic vacuoles in most of renal tubules (T) with diffuse interstitial mononuclear cellular
infiltrates (1). Fig. (3): Group I11: Showed dilated peri-glomerular spaces with less cytoplasmic vacuoles in tubular epithelial
lining cellsrenal tubules (T). Fig. (4): Group IV- A: Showed congested glomerular (G) and renal blood vessels (C) with
focal mononuclear cellular infiltration (1). Fig. (5): Group IV-C: Showing shrunken glomerular tuft (G), thickening of
the tubular basement membrane (arrow), congestion (c) of renal blood vessels and focal inflammatory cellular infiltration
(1). Fig. (6): Group V-A: Showing average glomerular cellularity (G) with average peri-glomerular space (PS). Both
proximal (P) and distal tubules (D) show normal cellularity and uniform nuclei. (H& E X400).
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Fig. (7) Fig. (8)
Fig. (9) Fig. (10)
Fig. (11) Fig. (12)

Fig. (7): (Control): Showing proximal tubular brush border (arrow head), thin glomerular BM (). Fig. (8): Group
I1: Showing thickening of the glomerular BM (), marked thickening of the tubular BM (arrow) with distorted apical
brush border (bb). Fig. (9): Group I11: Showing more or less normal glomerular BM (') with normal tubular BM (arrow).
Fig. 10: Group 1V- B: Showing thickening of the glomerular BM (') with marked thickening of the tubular BM (arrow).
Fig. (11): Group IV- C: Showing thickening of the glomerular BM (') with thickening of the tubular BM (arrow). Fig.
(12): Group V-B: Showing slight thickening of the glomerular BM (). (PASX400).
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Fig. (13) Fig. (14)

Fig. (15) Fig. (16)

Fig. (18)

Fig. (17)

Fig. (13): (Contral): Showing average distribution of interstitial collagen fibers. Fig. (14): Group Il: Showing excess
collagen deposition (cf) in the peri-tubular interstitial tissue. Fig. (15): Group I11: Showing minimal deposition of collagen
fibersin the interstitium of the renal cortex. Fig. (16): Group V- B: Showing peri-tubular deposition of excess collagen
fibers (cf). Fig. (17): Group IV-C: Showing dense deposition of collagen fibers (cf) in the interstitium of the renal cortex.
Fig. (18): Group V-B: Showing minimal deposition of collagen fibers (cf) in the renal interstitium. (Masson trichromeX400).
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Fig. (19)

Fig. (21)
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Fig. (20)

Fig. (22)

Fig. (19): Group | (control): Showing glomerular capillary loops (GC) with average thickness of the tri-laminar
glomerular BM (), patent fenestrated endothelium (€) lining the glomerular capillaries and primary foot process
(PF) of podocyte (PO) giving rise to secondary foot processes (SF), narrow peri-glomerular space (PS) clear of cellular
debris. Fig. (20): Group IV-B: showing apparent increase in the thickness of the glomerular BM (') and effacement
of podocytic secondary foot processes (SF). Fig. (21): Group V-B: Showing glomerular capillary loop (GC) lined by
fenestrated endothelium (e), slightly thickened glomerular BM (') with normal secondary foot processes (SF) of
podocytes. Fig. (22): Group V-B: showing rounded and intact nuclei (N), few and small microvilli (mv), thin BM
(arrow) surrounding the distal convoluted tubules and multiple basal elongated mitochondria (M) (EMX20000).

Discussion

The current study showed that; cisplatin admin-
istration caused degenerative changes in the glomer-
uli, renal tubules and interstitium. Thisisin agree-
ment with Kuhad et al., [13] and Jishaet al., [14]
who reported that nephrotoxicity was the major
toxic effect of this compound which sometimes
required discontinuation of the treatment. Some
studies suggested arole of p53 in tubular cell
apoptosis via activation of caspases 6 and 7 genes
[15,16] .

In the present study, kidney sections of rat
injected with a single dose of cisplatin (4 weeks)
revealed congested shrunken glomeruli, dilated
peri-glomerular spaces and thickening of the base-
ment membrane of Bowman' s capsule. Similar

findings were reported by Sayed-Ahmed et al.,
[17], Sevegin et d., [18] who explained that the
reduction in the glomerular size was a sequel of
glomerular sclerosing process and was an indication
of glomerular collapse.

In this study, we choose injection of vitamin C
6 hours before cisplatin administration as Rao et
al., [19] who reported that the renal damage induced
by cisplatin occurs within one hour after its admin-
istration. So, it was necessary that the protective
agent must be present in the renal tissues before
that time to empower the cell to overcome the toxic
effects.

In the present study, administration of vitamin
C before cisplatin revealed marked improvement
in the histological picture. These results werein
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agreement with Tarladacalisir et al., [20], who
denoted that a significant decrease in the severity
of histological changes induced by cisplatin in rat
kidney treated with vitamin C plus cisplatin when
compared with the cisplatin group. The latter au-
thors concluded that it is possible that the toxic
effect of cisplatin is somehow minimized by a
compensatory mechanism involving vitamin C via
the induction of antioxidant enzyme activity fol-
lowing injection of cisplatin.

In the current study, the EM examination of
the rat kidney specimens of group IV-B demon-
strated areas of thickening of the glomerular base-
ment membrane with loss of its tri-laminar appear-
ance and areas of effacement of the secondary foot
processes of the podocytes. These data are in close
correlation with those reported by Abdelmaguid
etal., [21].

In the current study, the EM showed tubular
changes such as shortening and loss of basal in-
folding, focal loss of brush border, thickening of
the tubular BM, many large lysosomes, rounded
mitochondria with disordered cristae, small dark
nuclei with clumped chromatin and invagination
of the nuclear envelope. These results were in
agreement with numerous studies in which exper-
imental animals were treated with nephrotoxic
heavy metals [21]. Had described shortening and
focal loss of microvilli in the proximal tubule cells,
a phenomenon that may partially explain a well-
known impairment of reabsorptive and secretory
functions of the proximal tubular cells. This may
increase the permeability of the membrane and
cause the loss of microvilli. An interaction of heavy
metals with the proximal tubule cell baso-lateral
membrane may lead to fragmentation and loss of
baso-lateral invaginations.

We concluded that: Vitamin C rendered signif-
icant protection against cisplatin-induced nephro-
toxicity. This protective effect may be partially
mediated by preventing the cisplatin-induced de-
cline of renal antioxidant status. The protective
effect can also be due to direct scavenging of the
free radicals by vitamin C.
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