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The present study attempted to develop an experimental model that would exhibit pathological features seen
in individuals with obesity and nephrotoxicity suitable for pharmacological screening of drugs. A combination
of high-fat diet and cisplatin at a dose of 5 mg/kg was used to induce obesity along with nephrotoxicity in
Wistar rats. Animals were divided into four groups of six each. Group-I served as control, group-II served as
obesity control, group-III served as nephrotoxicity control in normal rats to which cisplatin was injected on
day 35 and group-IV rats served as nephrotoxic obese rats, which were fed with high-fat diet and on day 35
nephrotoxicity was induced by a single cisplatin injection (5 mg/kg, IP). Various parameters that represent
obesity and nephrotoxicity such as the body weight, lipid profile, blood glucose, liver function markers, serum
creatinine, blood urea nitrogen, urinary total protein and creatinine clearance were estimated. The assessed
parameters of obesity and nephrotoxicity indicated that in the group-IV animals and exhibited prominent
nephrotoxicity compared to the group-III rats. Histological assessment of kidney and liver substantiated the
findings from the biochemical parameters. In summary this study revealed that it is possible to develop a

unique rodent model of nephrotoxicity co-existing with obesity.
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Obesity is a serious health problem and rapidly
becoming a major challenge to health care systems
worldwide!!. Over the last three decades the prevalence
of overweight and obesity has increased substantially!?.
By 2025, obesity will affect 18 % of men and over
21 % of women worldwidel. In some nations, obesity
is already present in more than one-third of the adult
population and contributes significantly to overall poor
health and high annual medical costs!*. This increasing
prevalence of obesity has implications for coronary
heart diseases, hypertension, diabetes mellitus, fatty
liver, gall bladder disease, osteoarthritis, various
cancers, mental disorders, and kidney diseasesl.
Numerous population-based studies have shown
an interrelationship between obesity and of kidney
disease. People who are overweight or obese have
2 to 7 times of developing renal diseases compared to
those of normal weight!®. A growing body of evidence
indicates that obesity is also a potent risk factor for the
development of chronic kidney disease and end-stage
renal diseasel”.

Renal diseases coexisting with obesity have become
more predominant in the society due to changes in
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life style and dietary habits®). The number of people
with kidney disease and obesity is substantial and
the prevalence is increasing throughout the world®.
Efforts should be directed to treating both the diseases
together as a whole rather than independently
by finding better novel therapeutic strategies for
nephrotoxicity co-existing with obesity. In order to do
so, appropriate and clinically relevant experimental
models are necessary to test new drugs, understand the
molecular basis and pathogenesis of the condition and
mechanism of actions of these therapeutic agents. Thus
to control these diseases, it is of paramount importance
to establish such a unique animal model that closely
mimic the changes subsequent to development of
nephrotoxicity and obesity in humans. These viable
animal models should address all the aspects of this
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human disease, developing all major signs of obesity
as well as nephrotoxicity.

However there are no such animal models where
nephrotoxicity and obesity co-exist, which could be
used to screen therapeutic agents beneficial in such
conditions. Hence the present study was designed
to develop a unique animal model that would mimic
pathological features of nephrotoxicity and obesity.

MATERIALS AND METHODS

Male Wistar rats weighing 150-180 g were selected
and a total of 33 animals were used for the study. The
animals were supplied by Sri Venkateswara Enterprises,
Bangalore. The experimental protocol was approved
by the Institutional Animal Ethics Committee and
carried out as per the guidelines of Committee for the
Purpose of Control and Supervision of Experiments on
Animals (Registration No.: 1677/PO/a/12/CPCSEA).
The animals were housed in polypropylene cages with
paddy husk bedding and maintained under standard
laboratory conditions with controlled temperature
24+2° and relative humidity of 30 to 70 %, in an air-
conditioned room with 12:12 h light/dark cycle. The
animals were allowed free access to standard rat chow
or high-fat diet (HFD) as the case may be and water
ad libitum.

Preparation of HFD:

The HFD rodent feed was prepared by mixing
the following ingredients, casein-20 %, D,L-
methionine-0.3 %, corn starch-15 %, sucrose-27.5 %,
cellulose powder-5 %, mineral mixture-3.5 %, vitamin
mixture-1 %, choline bitartrate-0.2 %, corn 0il-9.9 %
and lard 0il-17.6 %!,

Induction of nephrotoxicity:

A pilot study was carried out with different doses
of cisplatin (3, 4, and 5 mg/kg) in order to select
an appropriate dose of cisplatin for inducing
nephrotoxicity. Based on the pilot study results, it
was found that 5 mg/kg cisplatin produced the desired
nephrotoxicity in experimental rats. Therefore, a single
cisplatin injection (5 mg/kg, intraperitoneal) was used
in this study to induce nephrotoxicity.

Experimental design:

Twenty four animals were divided into 4 groups of
6 animals each. Group I (normal controls), rats were
fed with standard rat chow diet for 40 d; group II
(obese) rats were fed with HFD for 40 d; group III
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(nephrotoxic) rats were fed with standard rat chow
diet and nephrotoxicity was induced by as single intra-
peritoneal injection of cisplatin at a dose of 5 mg/kg
on day 35; group IV (obese nephrotoxic) rats were fed
with HFD for 40 d to induce obesity and on day 35,
nephrotoxicity was induced by single dose of cisplatin
(5 mg/kg).

Assessment of various parameters of obesity and
nephrotoxicity:

Body weight was monitored once every 5 d. The Lee’s
index was expressed as a cubic root of body weight
in g divided by the naso-anal length in millimetre
multiplied by 104!, At the end of the 40 d experimental
session, urine was collected into metabolic cages and
the urinary functional parameters were estimated.
After 12 h starvation, blood was collected from retro-
orbital plexus and animals were sacrificed by cervical
decapitation. Serum was separated and used for
estimation of serum markers. The liver, kidney, spleen
and fat pads (mesenteric and perirenal fat pads) were
dissected out, washed in ice cold saline, blotted dry
and weighed. Kidney and liver tissues were used for
antioxidant and histological studies.

Determination of lipid profile, blood glucose and
liver function markers:

Total serum cholesterol (TC), triglyceride (TG) and
high-density lipoprotein (HDL) levels were estimated
in serum using standard commercial kits. Low-density
lipoprotein (LDL) and very-low-density lipoprotein
(VLDL) cholesterol were calculated using Friedewald
Egn., VLDL = TG/5; LDL = TC—-(HDL+VLDL)"2,
The concentrations of blood glucose and levels of liver
function markers such as serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvic
transaminase (SGPT) and alkaline phosphatase
(ALP) were measured following the manufacturer’s
instructions using commercial kits!',

Atherogenic index (Al) of experimental rats was
calculated using the formula, LDL-cholesterol/HDL-
cholesterol ratio while coronary risk index (CRI) was
the ratio of total cholesterol to HDL cholesterol!*.
Kidney function markers such as blood urea nitrogen
(BUN), serum creatinine (SC), urinary total protein
(U,,) and creatinine clearance (Cl ) were determined by
standard methods using commercial kits!". Liver and
kidney were homogenized in ice cold phosphate buffer
to obtain a 10 % (w/v) homogenate. The homogenates
were centrifuged at 10 000 rpm for 15 min and the
clear supernatant was obtained. Oxidative stress
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markers were assessed by determining the levels of
lipid peroxidation (LPO), reduced glutathione (GSH),
superoxide dismutase (SOD) and catalase (CAT),
which were estimated in supernatant of both liver and
kidney homogenate using standard procedures!'*'".

Histological studies:

Kidney and liver was dissected, removed, washed
with normal saline and fixed in 10 % neutral buffered
formalin. The fixed specimens were then trimmed,
washed and dehydrated in ascending grades of alcohol.
The tissue specimens were cleared in xylene, embedded
in paraffin, sectioned at 4-6 p thickness and stained
with haematoxylin and eosin".

Statistical analysis:

The data was expressed as meantstandard error of the
mean. Mean values between the groups was considered
statistically significant (p<0.001) after analysing using
one way ANOVA and was compared using Tukey-
Kramer multiple comparison test.

RESULTS AND DISCUSSION

Animals of group II throughout the treatment schedule
showed significant increase in body weight and Lee-
index when compared to normal control. Animals of
group III showed normal increase in body weight as

those in the control group up to the administration
of cisplatin, but from day 35 to 40, body weight
slightly decreased in these animals when compared to
group [. The group IV animals showed significant
increase in body weight and Lee-index up to day 35
when compared to group I animals, but increase in
body weight was not sustained from day 35 to 40 i.e.
after administration of cisplatin in group IV (Table 1).

TC, TG, LDL and VLDL significantly increased in
group Il and IV compared to group 1. The levels of HDL
decreased significantly in group Il and IV compared to
group [ animals. Further there is no significant difference
in raise in lipid profile between animals of group II and
IV. In group III, there was no significant difference in
TC, TG, HDL, LDL and VLDL levels when compared
to group I controls (Table 2). Significant increase in
blood glucose levels was observed in groups II and IV
when compared to normal control. Group III animals
did not show any significant increase in blood glucose
levels when compared to group I levels (Table 2). The
group II and IV rats showed a significant raise in levels
of SGOT, SGPT and ALP in serum as compared to the
control group (Table 2). Al and CRI of experimental
rats were increased significantly in groups II and IV
when compared to normal controls. There was no
significant change in Al and CRI in group III compared
to groups I, I and IV (Table 2).

TABLE 1: CHANGE IN BODY WEIGHT AND LEE-INDEX IN EXPERIMENTAL ANIMALS

Parameters Group-I Group-li Group-lil Group-IlV
day 1 171.7+3.07 174.2+4.36 170.8+3.27 170.0+2.88
Body weight (g) day 35 210.8+2.71 299.2+3.75% 216.7+2.47 290.0+5.16%
day 40 215.0+1.83 306.7+3.58% 207.5+1.71 275.8+4.16%
day 1 232.4+1.19 230.7+1.66 231.8+1.50 228.0+2.38
Lee-index day 35 239.6+3.85 305.5+4.07% 236.9+2.32 303.1£1.23%
day 40 237.7+2.48 317.0+3.74% 233.2+2.27 291.6+1.76%
Each value represents the mean+SEM from 6 animals in each group. ?p<0.001, ns: not significant, a: group-Il, lll and IV compared to
group-|

TABLE 2: LIPID PROFILE, BLOOD GLUCOSE, ATHEROGENIC INDEX, CORONARY RISK INDEX AND LIVER

FUNCTIONAL MARKERS IN EXPERIMENTAL ANIMALS

Parameters Group-I Group-ll Group-lil Group-IV

TC (mg/dl) 59.50+1.58 184.8+4.74% 61.50+1.48 189.5+5.91%

TG (mg/dl) 43.67+1.31 165.2+3.29% 52.67+1.36 176.8+6.50%

HDL (mg/dl) 45.33x1.12 26.67+0.81% 42.00+0.73 25.67+0.80%

LDL (mg/dl) 5.43+0.98 125.4+5.59% 8.97+2.14 128.5+6.07%
VLDL (mg/dl) 8.73+0.26 33.00+0.68% 10.53+0.27 35.37+1.30%

BG (mg/dl) 70.83+2.39 154.2+3.00% 72.50+3.35 160.0+4.47%

Al 0.12+0.02 4.74+0.34% 0.22+0.05 5.06+0.36%

CRI 1.31+0.02 6.98+0.37% 1.47+0.06 7.4520.43%

SGOT (U/L) 35.83+1.49 126.1+5.94% 79.00+3.37 152.1+7.07%
SGPT (U/L) 31.17+1.70 114.9+3.83% 69.47+3.13 135.8+7.41%

ALP (U/L) 46.33+2.40 240.8+17.27% 99.67+2.33 291.5+15.45%

Each value represents the mean+SEM from 6 animals in each group. #p<0.001, ns: not significant, a: group I, 11l and IV compared to group |
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BUN, SC, U,, significantly increased and Cl was
significantly decreased in groups III and IV when
compared with normal controls. In group Il animals,
mild increase in BUN, SC and U, and a decrease
in Cl_ was observed when compared to group I
Moreover, animals of group IV showed significant
increases in BUN, SC, U, and decrease in Cl
levels when compared to those of groups III, II and
I animals (Table 3). In group II and IV animals there
was a significant increase in organ and fat pad weights.
Further, kidney weight in group III animals increased
significantly when compared to group I (Table 4).

In the renal tissue of group III and IV animals, there
was a significant raise in LPO levels and declines in
GSH, SOD and CAT levels when compared to group L.
While in group II there was significant raise in LPO
levels and significant decrease in GSH, SOD and
CAT levels compared to group I. Further in group IV
animals when compared to group III, LPO levels were
significantly increased and GSH and CAT levels were
significantly decreased. SOD levels in group IV also
decreased significantly in renal tissue when compared
to group III (fig. 1). In group II and IV animals there
was a marked significant increase in LPO levels and

TABLE 3: KIDNEY FUNCTIONAL MARKERS IN EXPERIMENTAL ANIMALS

Parameters Group-I Group-Il Group-lll Group-IV

SC (mg/dl) 0.68+0.04 1.38+0.08 2.22+0.07 4.17+0.313#b#

BUN (mg/dl) 12.42+0.42 19.28+1.45 32.72+0.82 50.83+2.473#b#

U,, (mg/24 h) 2.11+0.04 3.60+0.24 6.57+0.26 9.52+0.293#b#

CL, ((ml/h/100 g) 16.75+0.86 13.57+0.66 5.88+0.41 2.55+0.33b#

Each value represents the mean+SEM from 6 animals in each group. #p<0.001, ns: not significant, a: group Il, Il and IV compared to group-I,

b: group IV compared to group-Ill

TABLE 4: ORGAN AND FAT PAD WEIGHTS IN EXPERIMENTAL ANIMALS

Organ and fat pads Group-I Group-Il Group-lli Group-IV
Kidney (g) 0.78+0.02 1.15+0.03% 1.05+0.04% 1.45+0.06%
Liver (g) 5.91+0.18 9.30+0.46% 5.57+0.22 9.07+0.39%
Heart (g) 0.80+0.02 1.23+0.05% 0.78+0.01 1.23£0.04%
Spleen (g) 0.81+0.01 1.22+0.05% 0.79+0.02 1.20+£0.03%
Perirenal fat (g) 0.91+0.06 4.08+0.12% 0.90+0.04 4.17+0.19%
Mesenteric fat (g) 3.25+0.07 9.31+0.23¥ 3.17+0.10 8.96+0.38%
Each value represents the mean+SEM from 6 animals in each group. #p<0.001, ns: not significant, a: group Il, lll and IV compared to group |
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Fig. 1: Oxidative stress markers in renal tissue

A: LPO; B: GSH levels; C: SOD levels; D: CAT levels. Each value represents the mean+SEM from 6 animals in each group.
#p<0.001, ns: not significant, a: group I, ITI and IV compared to group I; b: group IV compared to group ITI
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decrease in GSH, SOD and CAT levels when compared
to normal animals in the hepatic tissue. In group III
nephrotoxic animals, there was significant raise in LPO
levels and significant decrease in GSH, SOD and CAT
compared to group I in hepatic tissue (fig. 2).

Histology of normal control group kidney showed
absence of congestion of glomerular blood vessels and
tubular necrosis resembling normal architecture. In
kidneys of group II animals mild degenerative changes
were observed. In contrast histological assessment
of kidney tissue of group III animals showed
congestion, necrosis and degenerative changes and
group IV animals demonstrated severe congestion
of glomerular blood vessels, tubular necrosis,
vacuolization, and degeneration as compared to both
group I and III (fig. 3).

Histological assessment of the liver of the normal
control rats showed normal architecture of central
vein, peripheral vein, and hepatocytes. In contrast, the
liver cells of the group II and IV showed degeneration,
congestion, and fat deposition as compared to normal
control (fig. 3).

Obesity is defined as abnormal or excessive fat
accumulation that may impair health®". It increased
the probability of being affected with various diseases
particularly heart diseases, type 2 diabetes, certain
types of cancer and osteoarthritis®. Recent reports
pointed out at obesity as an important risk factor for
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Fig. 2: Oxidative stress markers in liver tissue

chronic kidney diseases!®. Potentially linking these
two epidemiological observations it becomes evident
that many obesity-induced derangements themselves
were nephrotoxic. With increase in the proportion
of such individuals with both the disease conditions
co-existing, obesity and nephrotoxicity need to be
addressed not as independent diseases but as a unique
disease combination that required urgent attention.

There were several animal models of nephrotoxicity as
well as obesity. However there is no experimental model
where both nephrotoxicity and obesity co-existed.
Increase in body weight, lipid profile, BG, adiposity
levels, SGOT, SGPT, ALP, organ index, SC, BUN,
U,, and decreased Cl_ confer combined architecture
of obesity and nephrotoxicity. In the search to combat
these risk factors together efforts were directed to
develop a suitable animal model that would mimic all
the symptoms of obesity as well as nephrotoxicity to
screen potential candidate drugs.

Such aunique experimental model would closely reflect
the natural history and characteristics of obesity along
with nephrotoxicity. Further it was kept in mind while
developing the model it should be less expensive, easily
available, quick to develop, reproducible and display
various components of obesity and nephrotoxicity.
In the absence of such a unique experimental model
where both the diseases co-exist, development of an
animal model is of paramount importance and utility.
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A: LPO; B: GSH levels; C: SOD levels; D: CAT levels. Each value represents the mean+SEM from 6 animals in each group.
#p<0.001, ns: not significant. a: group I, IIT and IV compared to group I
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Fig. 3: Photomicrographs of rat kidney and liver

Section of rat kidney showing differences among experimental groups: (a): group I showing normal architecture; (b): group II
showing mild degenerative changes; (c): group III animals showing renal tubular congestion, vacuolization and degenerative
changes; (d): group IV showing marked renal tubular congestion, vacuolization and degenerative changes. Section of rat liver
showing differences among experimental groups; (e): group I showing normal architecture; (f): group II showing congestion,
lipid deposition and necrosis; (g): group III showing mild degenerative changes; (h): group IV showing lipid deposition, marked
congestion and necrosis (BC-Bowman’s capsule, RT-renal tubule, C-congestion, NC-necrosis, V-vacuolization, DC-degenerative
changes, LD-lipid deposits, SS-sinusoids space, CV-central vein, H- hepatocytes)

Obesity included increased TC, TG, LDL, VLDL
and decreased HDL levels. Obesity might also lead
to increase in BG, increase in SGOT, SGPT and ALP
levelst!4?4, Patients of obesity might not have overt
nephrotoxicity. However, the objective of present study
was to develop an animal model, which has essentially
nephrotoxic and in addition it should possess obesity.

Anthropometric parameters like body weight and Lee-
index were evaluated in experimental groups. Group II
and group IV animals showed significant increase in
body weight and Lee-index when compared to normal
animals. These results agreed with earlier reports,
which demonstrated that HFD feeding increased
energy intake that led to increased fat deposition in
tissues and organs there by leading to weight gain/**.
Compared to group II animals, increase in body weight
and Lee-index in group IV animals did not sustain
from day 35 to 40 when compared to obese animals
(group-II). Further, in the group III animals injection
of cisplatin decreased both body weight and Lee-
index. This change in group-III and group-1V animals
may be attributed to the state of nephrotoxicity that
is known to cause weight loss as reported by earlier
investigators’l. Challenging with cisplatin caused
decrease in body weight which is typically seen in
nephrotoxicity but not obesity. Hyperlipidaemia was
the main characteristic of obesity. The TC, TG, LDL
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and VLDL levels were significantly higher and HDL
levels were significantly lower in animals of group II
and group IV when compared to normal control. These
results concurred with those reported by Duiyan ef al.
and Sung et al.’*?"]. However these investigators did
not include cisplatin-induced nephrotoxicity in their
study.

As reported in previous studies, in the present study
also Al and CRI also increased substantially on
administration of HFD, which suggested that group 11
and group IV rats were more prone to coronary artery
diseases®¥. In the group II and group IV rats BG levels
and liver function markers such as SGOT, SGPT and
ALP were significantly increased when compared
to normal rats. These results were in accordance
with earlier reports which demonstrated that HFD
consumption led to increase in BG, SGOT, SGPT and
ALP levels!!*27, By observing all the above parameters
it can be concluded that administration of cisplatin in
obese rats did not cause any changes in obesity markers.

In nephrotoxic animals of group-III, SC, BUN, U_,
increased and Cl  decreased in cisplatin-treated rats.
These results were in good agreement with earlier
reports?®2, In the current study rats fed with HFD and
administered cisplatin showed significant raise in SC,
BUN and U, and decline in Cl_ even when compared
to nephrotoxic rats of group III. This indicated
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development of remarkable nephrotoxicity in obese
rats and thus the present model appeared to demonstrate
unique pathogenesis, which was not showed by the
models used by other investigators.
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