Open Access \ ORIGINAL ARTICLE \

Nephroprotective Effects of L-Arginine against Chemotherapy
Induced Acute Kidney Injury in Wistar Rats

Kumayl Abbas Meghiji,! Tariq Feroz Memon,? Imtiaz Ahmed,?® Sehar Gul Memon,* Naila Noor,® Ali Abbas®
!Assistant Professor, Department of Physiology, Isra University, Hyderabad Pakistan
2Assistant Professor, Department of Community Medicine, Isra University, Hyderabad Pakistan
3Assistant Professor, Department of Biochemistry, Suleman Roshan Medical College, Tando Adam, Pakistan
4Lecturer, Department of Physiology, Ghad College, Riyadh, Saudi Arabia
SSenior Lecturer, Department of Physiology, Isra University, Hyderabad Pakistan
SAssistant Professor, Department of Pharmacology, Isra University, Hyderabad Pakistan

ABSTRACT

Background: L-arginine is a nitric oxide precursor that decreases oxidative stress and regulates the blood flow by
modifying the tone of vessels and also prevent ischemic renal tissue injuries. The objective of this study was to evaluate
the protective role of L-arginine in cisplatin-induced acute renal injury through assessment of renal, oxidative stress,
and inflammatory markers in albino Wistar rats.

Material and Methods: A quasi-experimental study was conducted at the Department of Physiology and Postgraduate
Research Laboratory, Isra University, Hyderabad, Pakistan from April to September 2019. Thirty male Albino Wistar rats
were selected through non-random purposive sampling and divided equally into three different groups: Group A
(control group), Group B (cisplatin group), and Group C (cisplatin plus arginine group). Blood samples from rats were
collected through cardiac puncture, followed by renal histopathological analysis under light microscope. The severity of
tissue damage was observed using a graded scale from ‘0’ (no damage) to Il (severe damage). Data was analyzed using
SPSS version 24.0., with one-way ANOVA and Post hoc Tukey analysis used for comparison of different variables.
Results: There was a statistically significant decline in the bodyweight and rise in absolute kidney weight of group B in
comparison with the other two groups (P <.05). Moreover, a significant rise in serum renal markers was observed in
group B (P <.05), with a statistically significant decline in these markers in group C compared with group B (P <.05).
Marked histological alterations (glomerular and tubular damage) were observed in renal tissues of group B as compared
to group C.

Conclusions: The present study concludes that L-arginine exerts anti-oxidative, anti-inflammatory, and
nephroprotective effects against renal tissue damage caused by Cisplatin.
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Introduction

Kidney disorders are recognized as a major public
health concern as the number of such diseases is
significantly increasing each year. According to
reports, the prevalence of diseases related to
kidneys has climbed up by 10% in the general
50% in high-risk
subpopulations in the last 10 years.! Acute kidney

population and up to

injury (AKI), previously known as acute renal failure
is characterized by a sudden decline in renal function
resulting in the accumulation of metabolic wastes
such as urea and creatinine in the blood.? Although
(e.g.,
ischemia/hypo-perfusion, etc.), nephrotoxic drugs

the etiology of AKI is diverse sepsis,
including chemotherapeutic agents like Cisplatin, are
the main causative factors, as demonstrated in 19%

to 25% of cases.?

Cisplatin is a very common and effective anti-
neoplastic drug used against a wide range of cancers.
Along with its effective use, it also poses many
harmful effects on the tissues due to its reactive
oxygen species (ROS) generating capability that
causes depletion of glutathione levels and inhibition
of renal antioxidant enzymes resulting in
nephrotoxicity. Studies reported nephrotoxicity in
25% to 35% of patients who received a single dose

of Cisplatin.*®

The pathogenesis of AKI has been widely attributed
to defects in the L-Arginine: Nitric oxide (NO)
pathway.® L-Arginine, a NO precursor, is converted
into NO by the action of the enzyme NO synthase
(NOS).” NO decreases oxidative stress as well as
regulates blood flow by modifying the vascular
tone.® It prevents the ischemic tissue injuries of
different organs like kidneys, heart, lungs, liver, and
intestine of experimental animals. It also decreases
neutrophil and leukocyte adhesion as well as
secretion

decreases the of pro-inflammatory

cytokines, such as C-reactive protein (CRP), which
play an important role in causing tissue injury.®®

The present study was designed with an objective to
evaluate the protective role of L-arginine in cisplatin-
induced acute renal injury through assessment of
renal, oxidative stress, and inflammatory markers in
albino Wistar rats.

Material and Methods

This quasi-experimental study was carried out in the

Department of Physiology and Postgraduate
Research Laboratory, Isra University, Hyderabad,
Pakistan from April to September 2019. About thirty
healthy, male Albino Wistar rats, aged 8-10 weeks
and weighing between 250 to 300 grams, were
procured from the Agriculture University of Tando
Jam, Sindh by non-random purposive sampling
technique. The sample size was calculated using the
standard method of power analysis for animal
studies.’®! This study was approved by the Ethics
Review Committee of Isra University, that is fully
equipped to give permission for animal studies. All
the animals were handled according to the
guidelines of International Research Council for

laboratory animals’ handling.

Before the initiation of the experiment, animals
were kept for ten days of acclimatization in a well-
equipped at the
postgraduate University,

and hygienic environment
laboratory in Isra
Hyderabad at the optimum temperature of 24-26°C
in a day-night cycle of 12/12 hours. To avoid any
harm, animals were placed in plastic cages with
water drinkers having stainless steel nozzles and
feed containers. Rats were provided free access to
chow diet and clean water ad libitum. Their bedding

consisted of sawdust and was renewed daily.
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All rats were equally (n=10) divided into Group A
(control group, given a normal chow diet and clean
water ad libitum), Group B (single dose of Cisplatin,
20mg/kg body weight, intraperitoneal), and Group C
(single dose of cisplatin, 20mg/kg + L-Arginine, 10
mg/kg, body weight, intraperitoneal). Arginine was
crushed into powder and administered orally, mixed
in diet, for 3 weeks. The level of the orally
administered dosage of arginine (10 mg/kg) and the
intraperitoneal dose of Cisplatin (Cisplatin 20mg/kg)
was based on previous studies.'>!* Soon after the
acclimatization period, the bodyweight of all rats
was measured twice i.e. before initiation of the
experiment and after completion of three weeks of
the experiment using an electronic precision
balance. On completion of the experiment, all rats
were given anesthesia (Inj. Sodium pentobarbital at
40mg/kg, intraperitoneal) and sacrificed by cervical
dislocation. For analysis of oxidative and renal
function markers, blood was collected by cardiac
puncture.

Serum urea and creatinine were analyzed on Hitachi
Roche automated chemistry analyzer (Cobas c311)
whereas serum glutathione peroxidase (GPX) was
analyzed using Bioassay Technology ELISA kit
(catalog no: E1242Ra) with the results read through
Dia Source ELISA plate reader (RT0931117DIA) at
Diagnostic Laboratory, Isra University, Hyderabad.

The kidneys were dissected out and weighed on an
electronic scale after which they were fixed in 10%
buffered formalin. Then, they were passed in xylene
for clearing and embedded in paraffin wax. Thin
tissue sections, of up to 4-um thickness were cut
manually using rotary microtome, 290 and stained
with Hematoxylin and Eosin (H&E) for examination
under the light microscope (Olympus BX51, Tokyo,
Japan). Histopathological analysis of renal tissue was
done by evaluating the degree of infiltration of
inflammatory cells, vascular congestion, hydropic
change (swelling of epithelial cells), etc. The changes
in severity of tissue damage were observed using a

graded scale adopted from a previous study as: none
(0), mild (1), moderate (I1), and severe (l11).%4

Statistical analysis of data was performed in SPSS
version 24.0. Findings of variables like body and
kidney weights, oxidative, inflammatory, and renal
function markers were expressed as mean and
standard deviation while their comparison was
analyzed by one-way ANOVA and Post hoc Tukey
analysis. The level of significance was set at P-value
<.05.

Results

Table | shows changes in the pre- and post-
experimental body weights and absolute kidney
weights of albino Wistar rats. There was a
statistically significant decline in the bodyweight of
group B in comparison with groups A and C (P < .05).
Similarly, a significant rise in absolute kidney weight
was observed in group B in comparison with groups
A and C (P <.001). However, the difference between
absolute kidney weights of groups A and C was non-

significant (Table 1).

The changes in markers of renal function, oxidative
stress as well as inflammation are shown in Table II.
There was a significant rise in serum urea,
creatinine, and CRP levels in group B in comparison
with groups A and C. However, the experimental
animals which received L-arginine only revealed
markedly decreased blood urea, creatinine, and CRP
levels as compared to group B. Similarly, there was a
statistically significant decline in the serum
Glutathione Peroxidase (GPX) levels of group B in

comparison with groups A and C (Table II).

Figures 1, 2, and 3 demonstrate the photo-
micrographic findings of cut-sections of renal tissues
of groups A, B, and C, respectively. Prominent
glomerular structure shrinkage, dilatation of the
Bowman’s capsule, peritubular fibrotic areas, and
hydropic degeneration of the renal tubules was
observed in group B. Moreover, marked congestion
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was observed all over the renal tissues of the same
group. While group C displayed significantly lesser
glomerular and tubular damage as compared with

group B. Table Il demonstrates the grade-wise

under light microscopy.

comparison summary of all the histopathological
changes in renal tissues observed in each group

Table I: Difference in mean body weight and absolute kidney weight between experimental groups by Post-hoc
Tukey Test
Variables Group A Group B Group C P-value
Initial body weight (gm) 262.7+3.8 259.3+2.4 261.1+3.1 0.38
Final body weight (gm) 270.246.45¢ 221.9+4.1%¢ 238.1+2.79b .001"
Absolute kidney weight (gm) 1.41+0.02° 1.48+0.09 ¢ 1.39+0.04° .001"

* Statistically significant difference between the groups on ANOVA

a b cdenotes the statistically significant difference between control and treated groups, respectively through post hoc

Tukey test (P < .05).

Table II: Difference in mean serum urea, creatinine, GPX, and CRP between experimental groups by Post-hoc
Tukey Test
Mean Serum Levels Group A Group B Group C P-value
Serum Urea (mg/dl) 22.70+2.66°¢ 57.27+3.65%¢ 38.10+0.99%*° .001"
Serum Creatinine (mg/dl) 0.45+0.05 P¢ 0.78+0.092¢ 0.58+0.162 .001"
Serum GPX (ng/dl) 1.44+0.13 b 0.85+0.112¢ 1.54+0.07 b .001°
Serum CRP (mg/dl) 0.10 £0.11b¢ 0.81+ 0.252¢ 0.57+0.152b .001°

“Statistically significant difference between the groups on ANOVA

&b cdenotes the statistically significant difference between control and treated groups, respectively through post hoc
Tukey (P-value < .05)

GPX-Glutathione Peroxidase; CRP-C-Reactive Protein

Table Ill: Grade-wise comparison of histopathological changes in renal tissue of rats

Cellular infiltration | Peritubular Fibrotic Areas | Hydropic Degeneration | Vascular congestion
Group A 0 0 0 0
GroupB %k %k %k 3k %k k %k %k %k
Group C * EES * % *

Grading score follows: none (0), mild (*), moderate (**) and severe (***)

Figure 1. A: Control group shows normal glomerular and tubular architecture (H&E, 100x). B: Nephrotoxic group shows
shrinkage of glomeruli, dilatation of Bowman’s slit, and congestion (H&E, 400x). C: L-arginine group shows near
normal glomerular structure and comparatively less apparent renal congestion (H&E, 400x).
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Discussion

The present study sought to investigate the
nephroprotective effects of L-arginine exerted on
cisplatin-induced AKI in a rat model by examining
different

parameters associated with kidney function of

biochemical and histopathological

intoxicated and treated rats.

Significant alterations in kidney function and

histopathological status were observed in

experimental rats intoxicated with cisplatin.
However, significant improvement was observed in
body weight and all biochemical parameters related
to kidney function causing significant reduction in
serum creatinine, urea, C-reactive protein, and
Glutathione peroxidase levels as well as improving
the renal histological architecture. These results
show that L-arginine therapy can ameliorate
cisplatin-induced nephrotoxicity by improving levels

of endogenous antioxidants.

Being the excretory units of the body, the kidneys
are exposed to numerous toxic substances causing
the liberation of elevated quantities of free radicals
which make the kidneys vulnerable to damage.’
Cisplatin has been proven to be toxic to kidneys
causing alterations in the parameters of renal
function.'® Cisplatin has also been shown to have a
direct inflammatory effect on the kidneys as well as
increased oxidative stress

causing leading to

depletion of vital anti-oxidant molecules like
glutathione.' In our experiment, administration of
cisplatin was followed by a reduction in the weight
of the experimental animals, which is consistent
with previous findings.®> The animals receiving L-
arginine therapy showed a much less reduction in
their weights, which is consistent with the findings
of Eshraghi-Jazi et al., who observed that arginine
ameliorates cisplatin-induced weight loss in male
rats.'®

In this study, there was an increase in the blood urea
and creatinine of all the animals receiving cisplatin

as compared with the controls. These findings are
similar to the results reported by Wang et al. and
Adeneye and Benebo.>* However, blood urea and
creatinine levels in the rats receiving adjunct
therapy of L-arginine were far less than those who
received Cisplatin alone which is consistent with the
findings of Bashan et al.?! Saleh et al. also reported
a significant rise in blood urea and creatinine levels
in experimental animals which received cisplatin but
the experimental animals receiving concomitant
arginine therapy showed near normal levels, which
is consistent with the current study.??

In this experiment, there was an increase in the CRP
levels and decrease in the serum GPX levels of
cisplatin-treated rats denoting inflammation and
oxidative stress, respectively. Such changes were
not observed in the control group as animals were
not exposed to the nephrotoxic agent. However,
arginine therapy prevented the change in the CRP
and GPX levels. These findings are in accordance
with the findings of Yu et al.,, who observed that
consumption of arginine rich foods such as nuts was
inversely associated with inflammatory biomarkers
such as CRP.2 Hong et al. also observed arginine
consumption was inversely related to CRP levels but
directly related to serum GPX levels in rats, which is
consistent with the findings of our study.?* The
positive effects of arginine on oxidative stress have
also been studied by Gharibi et al., who reported
that L-arginine supplementation increased NO
concentration and significantly improved oxidative
status.'®

In our study, histological examination of the kidneys

showed clear evidence of cisplatin-induced
nephrotoxic injury manifested as marked tubular
cell necrosis, vascular congestion, and tubular
which

findings.® However, these changes were much less

dilatation, is consistent with previous

evident in the arginine treated animals. These

findings are consistent with the findings of Bashan
and coworkers, who noted that histopathological
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changes were reversed in the nephrotoxic animals

.22 The main

who received L-arginine as wel
limitation of our study was lack of funds to assess
further parameters of renal function, such as plasma
and urinary albumin levels, serum electrolyte levels
and urine analysis for further evaluating the renal

damage and related complications due to Cisplatin.

Conclusion

The present study concluded that L-arginine exerts

an anti-oxidative, anti-inflammatory, and
nephroprotective effect against Cisplatin-induced
renal tissue damage. However, further studies
should be carried out for a more detailed evaluation
of the protective effects of arginine on other organs

as well, to give more insight into the topic.
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