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Obesity is a global problem due to widespread consumption of high fat diet (HFD) with implications to 
well-being. This study was to investigate the modulatory effect of sibutramine and normal diet on 
obesity-induced alteration in kidney functions and adipokines in Wistar rats. Hundred rats were divided 
into four groups of 25 each and fed with either normal rat chow (NRC) (group I, control group, n=25) or 
HFD (n=75). Obese rats were subjected to treatment with HFD (group II, Obese + HFD, n=25), 
Sibutramine and NRC (group III, Obese + Sibutramine + NRC, n=25); and NRC (group IV, Obese + NRC, 
n=25) for another 12 weeks. Five rats from each group were sacrificed, urine and blood samples 
collected for baseline values after the acclimatization period. Similarly, at post induction, 4, 8 and 12 
weeks urine and blood samples were collected from 5 rats per group for investigations. Induction of 
obesity significantly (p<0.05) increased mean Lee index, urine albumin, urine albumin:creatinine ratio, 
serum interleukin (IL)-1β, IL-6, tumor necrotic factor (TNF)-α, interferon (IFN)-γ, leptin and decreased 
urine creatinine and serum adiponectin compared to control. Sibutramine treatment and withdrawal of 
HFD ameliorated these effects. Obesity induced renal impairment by deranging renal and inflammatory 
biomarkers investigated in this study. These adverse effects on the kidney were mitigated by 
sibutramine10 mg/kg/day and NRC by resisting the disturbance, thereby showing nephron-protective 
effect. The combined treatment of sibutramine with NRC reduced progression of kidney disease to a 
lesser extent than NRC alone suggesting nonsynergistic effect. 
 
Key words: Adipokines, cytokines, diet modification, obesity, renal function, sibutramine, urine albumin 
creatinine ratio. 

 
 
INTRODUCTION 
 
Obesity is a global public health problem that has 
reached epidemic proportion (Farouk et al., 2015) due to 
rapid industrialization, adoption  of  western  lifestyle  and 

widespread consumption of high fat diet (Finucane et al., 
2011). Covid-19-related lockdown, restricting social 
interaction   and   mass   gathering,  promoted  sedentary  
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lifestyle and contributed to the rise in the prevalence of 
obesity (Di Renzo et al., 2020). The World Health 
Organization (WHO, 2020) reported that obese and 
overweight persons almost tripled between 1975 and 
2016 with about 650 million and 2 billion adults obese 
and overweight, respectively. In 2020, it was estimated 
that 21 and 12 million Nigerians were overweight and 
obese, respectively for persons aged 15 years and above 
accounting for prevalence of 20.3 and 11.6%, respectively 
(Adeloye et al., 2021). The adverse health repercussions 
of obesity are associated with shorter life expectancy with 
a 20% increase above the ideal weight linked to a 20% 
increase in the mortality rate (Field et al., 2001). There is 
no gainsaying that many debilitating health conditions 
including cardiovascular diseases, diabetes mellitus, 
hypertension and chronic kidney diseases (CKD) are due 
to obesity epidemic (Wang  et al., 2011; Dimitrov et al., 
2019).  

Obesity has worsened the global burden of kidney 
disease which is consuming large portion of health care 
finances in developed nations as well as contributing to 
high morbidity and mortality in developing counties. A 
high body mass index is one of the strongest risk factors 
for new on set CKD (Kovesdy et al., 2016). Although 
obesity results in complex metabolic abnormalities that 
have wide-ranging effects on diseases affecting the 
kidneys, the exact mechanisms whereby obesity may 
worsen or cause CKD remain unclear (Farouk et al., 
2015). Possible explanations to obesity-related 
alterations in kidney function may be due a compensatory 
hyper-filtration in the kidneys to match the additional 
metabolic work occasioned by excess body weight which 
may lead to raised intraglomerular pressure, kidney injury 
and development of albuminuria or renal impairment in 
the long term (Tsujimoto et al., 2014). Other studies posit 
that excess adipose tissue promote low grade 
inflammation linked to development of obesity and its co-
morbidities which impact on kidney function (Zatterale et 
al., 2019) possibly through inflammatory cytokines and 
adipokines alterations (Cao, 2014). 

In CKD, appropriate measures should be introduced to 
slow the progression of kidney function deterioration as 
well as to prevent the development or progression of 
CKD-related diseases. The Current kidney disease 
outcomes quality initiative (KDOQI) guidelines for CKD 
management recommend dietary and lifestyle 
modifications (Naber et al., (2021). A kidney-friendly diet 
may help to protect kidneys from further damage. In early 
kidney disease stages, the adoption of healthy diet, very 
low in saturated fat, might reduce weight, improve kidney 
function and slow progression to CKD or end stage 
kidney disease (Stevens  and  Levin, 2013). Conventional  

 
 
 
 
weight reduction medications such as sibutramine along 
with other drugs have been used in the treatment of 
obesity, but none have been adequately tested in 
advanced kidney diseases to explore and evaluate the 
effectiveness of sibutramine in combination with diet 
compared to diet alone. The mechanisms of obesity-
related kidney diseases and impact of anti-obesity drugs 
and diet modification in kidney diseases have not been 
adequately investigated. This study was designed to 
investigate some of these mechanisms and the effects of 
obesity on renal function, serum adipokines as well as 
the impact of sibutramine and diet modification on renal 
function. 
 
 
MATERIALS AND METHODS  
 

This study adopted experimental design and was carried out at the 
Department of Physiology, University of Nigeria, Enugu Campus. 
Ethical clearance and approval were obtained from College of 
Medicine Ethical Committee, University of Nigeria, Enugu Campus. 
Hundred male Wistar rats, 10-12 weeks old, weighing 160-200 g 
were used for the study. They were purchased from the Animal 
House of the Faculty of Basic Medical Sciences, University of 
Nigeria, Nsukka. The animals were housed 5 rats per cage at room 
temperature, prevailing environmental conditions and 12-h 
light/dark cycle. The study duration was 8 months. 
 
 

Experimental design  
 

Following a two-week acclimatization, the 100 male Wistar rats 
were grouped into four, 25 rats per group and fed with either normal 
rat chow (NRC) (group I, normal group, n=25) or high fat diet (HFD) 
(n=75) for 6 weeks to induce obesity. Obese rats were subjected to 
treatment with HFD (group II, Obese + HFD, n = 25), sibutramine 
and NRC (group III, Obese + Sibutramine + NRC, n = 25) and NRC 
(group IV, Obese + NRC, n = 25) for another 12 weeks.  

Five rats from each group were sacrificed, urine and blood 
samples collected for baseline values after the acclimatization 
period. Similarly, after establishment of obesity (post induction) and 
at 4 weeks, 8 weeks and 12 weeks, urine and blood samples were 
collected from 5 rats per group for investigations. 
 
 

Dose and administration of the drug  

 
The dose of sibutramine 10 mg/kg/day was used based on a 
previous study (Borges et al., 2013).  

The dose was measured daily according to the individual’s rat 
weight and dissolved in 1 mL distilled water before being 
administered to the rats via oral gavage. 
 
 

Anthropometric measurement  
 

The rats were housed in clean cages at room temperature and day- 
night cycle for acclimatization. They received food and water ad 
libitum  throughout  the  study duration. Body weight (wt) and length 
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(L) were measured weekly using an electronic scale and a tape 
measure. Body length was measured as nose-anus length. They 
were used to determine the Lee index which was used to confirm 
obesity (Lee, 1929).  
 
 

Induction of obesity  
 

Obesity was induced by feeding the Wistar rats with HFD for 6 
weeks and major fat source was lard with composition as described 
by Ajiboye et al. (2014). The Lee index formula was used to confirm 
obesity according to previous studies (Hioki et al., 2010; Bracco et 
al., 1983) as follows:  
 

Lee index = ∛wt (g)/length (cm) × 1000,  
 

that is, the cube root of body weight (g) divided by the nose-to-anus 
length (cm) and multiplied by 1000. Values more than 310 indicated 
obesity (Hioki et al., 2010).   
 
 

Composition of normal rat chow and high fat diet 
 

The composition of the normal diet (g/kg) is as follows: corn starch 
506 g/kg, *Casilan 90 250 g/kg, lard 40 g/kg, sucrose 100 g/kg, rice 
husk 40 g/kg, DL-methionine 4 g/kg, Lysine 10 g/kg, **Vitamin mix 
10 g/kg, and ***Mineral mix 40 g/kg. HFD was prepared according 
to a previous study, which included the combination of 396 g/kg, 
*Casilan 90 250 g/kg, lard 140 g/kg, cholesterol 10 g/kg, sucrose 
100 g/kg, rice husk 40 g/kg, DL-methionine 4 g/kg, Lysine 10 g/kg, 
**Vitamin mix 10 g/kg, ***Mineral mix 40 g/kg (Ajiboye et al., 2014). 
*Casilan 90 (g 100 g

−1
), energy (1572 kg 100 g

−1
), protein (90 g), 

carbohydrate (0.3 g), fat (1.0 g), fibre (trace), sodium (0.03 mg), and 
calcium (1400 mg). **Vitamin mix (per kg of diet): thiamine 
hydrochloride (6 mg), pyridoxine hydrochloride (7 mg), nicotine acid 
(30 mg), calcium pantothenate (16 mg), folic acid (2 mg), biotin 
(0.2 mg), Cyanocobalamin (0.01 mg), retinol palmitate (4000 IU), 
cholecalciferol (100 IU), α-tocopherol acetate (50 IU), menadione 
(0.05 mg), and choline chloride (2 g). Mineral mix (g kg

−1
): 

CoCl2·6H2O (0.001), CuSO4·5H2O (0.079), MnSO4·7H2O (0.178), KI 
(0.033), NaCl (3.573), ZnCO3 (1.60), CaSO4 (11.61), MgSO4·7H2O 
(2.292), K2HPO4 (10.559), and FeSO4·7H2O (1.075) (Ajiboye et al., 
2014). 
 
 

Blood collection  
 

The rats slept within 1-2 min of inhalation of chloroform anaesthetic 
agent and blood samples collected by application of direct cardiac 
puncture with a sterile 10 ml syringe and immediately put into a 
plain sterile test tube and allowed to coagulate. The blood was 
centrifuged at 3000 g (gravity) for 10 min to obtain serum which was 
transferred with a Pasteur’s pipette to the corresponding containers 
for dry chemistry analysis. The serum was kept in the refrigerator 

for 1 h 30 min at temperature of 4C until the last sample was 
collected and immediately biochemical and cytometric analyses 
were performed. 
 
 

Urine collection  
 

Urine was collected from all rats in each group by placing the 
animals individually in metabolic cages at the end of each treatment 
period as described by Hoffman et al. (2018).  
 
 

Measurement of urine albumin, urine creatinine and urinary 
albumin creatinine ratio (UACR) 

 
Urine albumin was measured using a commercially available ELISA 
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(Nephrat, Exocell) specific for rat albumin while urine creatinine 
concentration was measured by the Jaffe method (Toora and 
Rajagopal, 2002). The UACR was then calculated by dividing the 
albumin concentration in mg/dl by the creatinine concentration in 
mg/dl (National Kidney Foundation, 2002). 

 
 
Cytokines and adipokines assay  

 
The serum levels of IL-1β, IL-6, TNF-α and IFN-γ were measured 
by specific enzyme-linked immunosorbent assay (ELISA) as 
described by Diane (2008). The serum sample was incubated 
without dilution. The concentrations of cytokines in serum were then 
measured spectrophotometrically and then compared with a 
standard cytokine curve. 

 
 
Statistical analysis  

 
The results are presented as mean ± standard deviation, n=5 per 
treatment group. One-way analysis of variance (ANOVA) and 
Duncan’s post-hoc test were used for multi-comparison between 
groups. P values of 0.05 were considered statistically significant for 
all analyses and comparison between groups which were 
performed using SPSS version 23. Source of figure: Microsoft Excel 
2010. 

 
 
RESULTS 
 
In all the assessed biomarkers of renal function and 
obesity, the changes observed for baseline or pre-
induction parameters were of no statistical difference 
(p>0.05).  

Figure 1 compares four groups of rats fed and treated 
differently showing the Lee index.  The post-induction 
mean values were 294.83±0.01

a
, 313.04±0.02

b
, 

315.50±0.88
b
, 316.58±0.79

b
 for normal, obese, obese + 

sibutramine and obese + NRC, respectively indicating a 
significantly (<0.05) higher Lee index of the obese 
compared to the normal fed group. Mean values at 4 
weeks were: normal (296.66±1.17

a
), obese 

(319.15±1.16
b
), obese + sibutramine (314.58±0.82

b
), 

obese + NRC (315.30±0.51
b
); 8 weeks normal 

(299.77±4.42
a
), obese (325.06±0.86

b
), obese + 

sibutramine (312.50±0.18
b
), obese + NRC (313.10±1.4

b
); 

while at 12 weeks normal were (304.04±1.80
a
), obese 

(329.59±0.74
d
), obese + sibutramine (310.04±1.82

b
), 

obese + NRC (312.13±0.76
c
). All through the 

experimental period, the Lee index was noticed to 
increase in the four groups (Figure 1). After six weeks of 
obesity induction, HFD increased the Lee index 
significantly (p<0.05) in the obese, obese + sibutramine 
and obese + NRC groups compared to normal control 
group. Subsequently, the Lee index in the obese group 
rose steadily and significantly till the end of treatment 
period.  

Sibutramine and NRC administration constantly lowered 
the Lee index but did not restore it to normal control 
values, which was significantly (p<0.05) observed at the 
8th week until the end of the experimental period. 
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Figure 1. The line graph showed the mean Lee index in obese, sibutramine and normal fed Wistar rats over a 
period of 12 weeks following induction of obesity. Values presented as mean ± SD, n=5 per treatment group. a = p 
< 0.05 Obese or Obese + sibutramine or Obese + NRC groups compared to Normal group; b = p < 0.05 Obese 
group compared to Obese + Sibutramine or Obese + NRC  group.  
Source: Authors 

 
 
 

Mean urine albumin in obese, sibutramine and 
normal fed Wistar rats  
 
In Figure 2, kidney function test was measured by 
concentration of albumin in urine sample of male Wistar 
rats. The mean urine albumin level at establishment of 
obesity were 1.26±0.03

a
, 1.82±0.11

b
, 1.94±0.16

c
, and 

2.03±0.16
c
 for normal, obese, obese + sibutramine and 

obese + NRC fed rats, respectively. At 4 weeks: normal 
(1.22±0.03

a
), obese (1.93±0.08

c
), obese + sibutramine 

(1.68±0.11
b
), obese +NRC (1.72±0.10

b
); 8 weeks:  

normal (1.26±0.02
a
), obese (2.26±0.16

c
), obese + 

sibutramine (1.51±0.04
b
), obese + NRC (1.62±0.12

b
); 12 

weeks: normal (1.25±0.04
a
), obese (2.36±0.10

c
), obese + 

sibutramine (1.46±0.07
b
), obese + NRC (1.31±0.06

a
). A 

significantly higher (p<0.05) levels of albumin occurred in 
the urine of obese rats in comparison to the control 
group. Sibutramine administration and withdrawal of HFD 
significantly lowered (p<0.05) urine albumin level in a 
time dependent manner. 
 
 
Mean urine creatinine in obese, sibutramine and 
normal fed Wistar rats  
 
The result of Figure 3 illustrated mean urine creatinine in 
obese,  sibutramine   and  normal  fed  Wistar  rats  within 

treatment period. The values at the point of confirmation 
of obesity were 47.99±0.82

c
, 30.96±0.70

b
, 29.64±0.65

a
, 

and 31.14±0.83
b
 for normal, obese, obese + sibutramine 

and obese + normal fed rats, respectively indicating a 
significantly (<0.05) lower urine creatinine level in the 
obese compared to the normal fed group. At 4 weeks: 
normal (48.63±0.88

c
), obese (30.87±1.03

a
), obese + 

sibutramine (30.91±0.61
a
), obese +normal (32.79±0.80

b
); 

8 weeks: normal (47.89±0.83
c
), obese (31.40±0.77

a
), 

obese + sibutramine (31.83±0.93
a
), obese + normal 

(35.29±0.44
b
); while at 12 weeks: normal (48.01±0.83

d
), 

obese (31.51±1.39
a
), obese + sibutramine (36.53±0.69

b
), 

obese + normal (41.51±1.49
c
). 

 
 
Mean urine albumin creatinine ratio in obese, 
sibutramine and normal fed Wistar rats  
 
Figures 4 show kidney function assessed by urine 
albumin creatinine ratio (UACR). Mean UACR when rats 
became obese were 26.20±0.91

a
, 58.98±4.52

b
, 

65.46±4.32
c
, and 65.18±6.42

c 
for normal, obese, obese + 

sibutramine and obese + normal fed rats, respectively. At 
4 weeks: normal (29.20±6.27

a
), obese (62.52±3.17

c
), 

obese + sibutramine (53.52±4.00
b
), obese + NRC 

(52.12±3.71
b
); 8 weeks:  normal (26.46±0.68

a
), obese 

(71.91±6.02
c
), obese  + sibutramine (46.26±3.56

b
), obese 
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Figure 2. Mean urine albumin in obese, sibutramine and normal fed Wistar rats. Values presented as mean ± 
standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group.  

Source: Authors 
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Figure 3. Mean urine creatinine in obese, sibutramine and normal fed Wistar rats. Values presented as mean ± 
standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group.  

Source: Authors 
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Figure 4. Mean urine albumin creatinine ratio in obese, sibutramine and normal fed Wistar rats. Values 
presented as mean ± standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison 

between group.  
Source: Authors 

 
 
 
+ NRC (48.46±1.44

b
); 12 weeks: normal (26.14±1.12

a
), 

obese (75.00±5.79
d
), obese + sibutramine (40.06±2.07

c
), 

obese + NRC (31.50±0.98
b
). Obese rats had significantly 

(<0.05) higher mean UACR compared to control. 
Treatment with sibutramine and withdrawal of HFD 
significantly (p<0.05) lowered UACR in a time dependent 
manner. 
 
 
Mean interleukin 1β concentration in obese, 
sibutramine and normal fed Wistar rats 
 
As shown in Figure 5, the mean serum IL-1β values 
were: post-induction 3.44±0.22

a
, 4.91±0.17

c
, 4.66±0.15

b
, 

and 4.62±0.19
b
,
 
for normal, obese, obese + sibutramine, 

and obese + NRC,  respectively; 4 weeks:  normal 
(3.56±0.09

a
) , obese (5.39±0.28

c,
), obese + sibutramine 

(4.61±0.13
b
), obese + normal (4.62±0.18

b
); 8 weeks  

normal (3.55±0.15
a
), obese (4.90±1.04

c
), obese + 

sibutramine (4.05±0.12
b
), obese + normal (4.32±0.19

b
); 

while at 12 weeks normal (3.65±0.27
a
), obese 

(5.86±0.07
d
), obese + sibutramine (3.90±0.09

b
), obese + 

normal (4.13±0.05
c
). The findings demonstrated that, 

when compared with the control group, HFD caused a 
significant increase (p<0.05) in interleukin 1β in the 
serum of obese rats. The serum interleukin 1β level of 
obese rats treated with sibutramine 10 mg/body weight 
plus NRC as well as those treated with only NRC 
however, decreased significantly (<0.05) in a  time 
dependent manner. 

Mean interleukin-6 level in obese, sibutramine and 
normal fed Wistar rats 
 
In Figure 6, exposure of the animals to HFD resulted to 
significant increase (p<0.05) in serum IL-6 in the obese 
group throughout treatment period when compared with 
control group.  Administration of sibutramine and NRC 
lowered the IL-6 levels significantly (p<0.05) compared to 
the obese group. Mean values of IL-6 at post-induction: 
9.15±0.08

a
, 9.95±0.09

b
, 9.90±0.26

b
, 9.95±0.16

b
 for 

control, obese, obese + sibutramine and obese + normal 
fed rats, respectively. Serum IL-6 concentration at 4 
weeks for the various groups: control (9.21±0.05

a
), obese 

(10.33±0.12
c
), obese + sibutramine (9.76±0.10

b
), obese + 

NRC (9.87±0.15
b
); at 8 weeks: control (9.25±0.06

a
), 

obese (11.65±0.21
c
), obese + sibutramine (9.57±0.08

b
), 

obese + normal (9.66±0.23
b
); while at 12 weeks: control 

(9.29±0.09
a
), obese (13.55±0.26

c
), obese + sibutramine 

(9.37±0.07
a
), obese +NRC (9.54±0.06

b
). 

 
 
Mean serum TNF-α concentration in obese, 
sibutramine and normal fed Wistar rats 
 
As demonstrated in Figure 7, post-induction mean serum 
TNF-α levels stood at: control (8.66±0.11

a
), obese 

(9.51±0.20
b
), obese + sibutramine (9.97±0.48

c
), obese + 

NRC (10.09±0.39
c
). At 4 weeks: control (8.64±0.09

a
), 

obese (10.10±0.13
c
), obese + sibutramine (9.69±0.14

b
), 

obese + NRC (9.88±0.24
b
); 8 weeks: control (8.62±0.09

a
),   
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Figure 5. Mean interleukin 1β concentration in obese, sibutramine and normal fed Wistar rats. Values presented as 
mean ± standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group. 

Source: Authors 
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Figure 6. Mean interleukin-6 level in obese, sibutramine and normal fed Wistar rats. Values presented as mean± 
standard error of mean, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group. 

Source: Authors 

 
 
 

obese (11.61±0.19
d
), obese + sibutramine (9.22±0.09

b
), 

obese + NRC (9.46±0.27
c
); 12 weeks control (8.65±0.05

a
), 

obese (14.30±0.29
c
), obese + sibutramine (8.88±0.20

a
), 

obese + NRC (9.14±0.17
b
). The result revealed that mean 

TNF-α level values rose significantly (<0.05) in the obese 
group compared to the normal fed group. Treatment of 
the animals with sibutramine and withdrawal HFD led to 
significantly (<0.05)  reduction  of  TNF-α  levels in a time  
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Figure 7. Mean TNF- α concentration in obese, sibutramine and normal fed Wistar rats. Values presented as 
mean ± standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group. 

Source: Authors 

 
 
 
dependent manner. 
 
 
Mean INF-γ concentration in obese, sibutramine and 
normal fed Wistar rats 
 
The mean INF-γ concentration in obese, sibutramine and 
normal fed Wistar rats over a 12-week treatment period 
showed that at post-induction: control (9.57±0.06

a
), 

obese (14.70±0.77
b
), obese + sibutramine (15.16±0.27

b
), 

obese + NRC (15.12±0.81
b
).  At 4 weeks: control 

(9.66±0.08
a
), obese (15.24±0.26

c
), obese + sibutramine 

(14.33±0.50
b
), obese +NRC (15.18±0.82

c
); 8 weeks: 

control (9.54±0.06
a
), obese (17.22±0.64

d
), obese + 

sibutramine (11.26±0.39
b
), obese + NRC (13.53±0.32

c
); 

12 weeks control (9.62±0.07
a
), obese (21.55±0.42

d
), 

obese + sibutramine (10.30±0.32
b
), obese + NRC 

(12.12±0.36
c
). The result indicated a significantly (<0.05) 

higher serum INF-γ level in the obese compared to the 
control group. Weight reduction therapy with sibutramine 
and diet modification significantly (p<0.05) lowered serum 
INF-γ levels (Figure 8). 
 
 
Mean serum leptin concentration in obese, 
sibutramine and normal fed Wistar rats 
 
Figure 9 compares serum leptin concentration in four 
groups of Wistar rats fed and treated differently over a 
12-week  treatment  period  with  2.49±0.03

a
,  4.12±0.17

b
, 

4.56±0.15
c
, and 4.70±0.11

c  
representing control, obese, 

obese + sibutramine and obese + NRC VALUES when 
obesity was first established. The serum leptin at 4 weeks 
were: control (2.60±0.06

a
), obese (5.62±0.38

c
), obese + 

sibutramine (4.45±0.19
b
), obese + NRC (4.49±0.09

b
); 8 

weeks: control (2.62±0.10
a
), obese (7.74±0.32

d
), obese + 

sibutramine (3.96±0.12
b
), obese + NRC (4.21±0.12

c
); 

while at 12 weeks: control (2.74±0.07
a
), obese 

(12.63±0.32
c
), obese + sibutramine (2.89±0.20

a,b,2
),  

obese + normal (3.15±0.08
b
). Induction of obesity 

significantly increased serum levels of leptin in the obese 
rats when compared with the control values. However, 
treatment of the obese rats with sibutramine, NRC and 
withdrawal of HFD significantly lowered leptin levels 
when compared with the obese untreated group (p<0.05). 
 
  
Mean adiponectin level in obese, sibutramine and 
normal fed Wistar rats 
 
Figure 10 illustrates mean serum adiponectin 
concentration and at establishment of obesity, mean 
serum levels were 176.50±1.74

b
, 152.97±3.53

a
, 

153.35±2.12
a
, and 153.12±3.33

a 
for control, obese, obese 

+ sibutramine and obese + NRC fed rats, respectively. 
The serum adiponectin at 4 weeks were: normal 
(175.22±0.56

c
), obese (141.63±2.83

a
), obese + 

sibutramine (155.25±3.81
b
), obese + normal 

(152.19±2.05
b
); at 8 weeks normal (174.23±0.49

d
), obese 

(123.85±2.24
a
),   obese   +    sibutramine  (160.04±3.31

c
),  
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Figure 8. Mean INF-γ concentration in obese, sibutramine and normal fed Wistar rats. Values presented as mean ± 
standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group. 

Source: Authors 

 
 
 

 

 

 
 
 

T T T T T 

T T T 

T 

T 
T T 

T 

T 
T T 

T 

T T T a a a a a 

b 

 

c c 

a 

c 

b 

 

b 

 
a a b b 

d 

c 

 

b 

 

c 

 

Le
p

ti
n

 c
o

n
ce

n
tr

at
io

n
 (

n
g/

L)
 

 

 

 
 
 

T T T T T 

T T T 

T 

T 
T T 

T 

T 
T T 

T 

T T T a a a a a 

b 

 

c c 

a 

c 

b 

 

b 

 
a a b b 

d 

c 

 

b 

 

c 

 

Le
p

ti
n

 c
o

n
ce

n
tr

at
io

n
 (

n
g/

L)
 

  
 

Figure 9. Mean leptin level in obese, sibutramine and normal fed Wistar rats. Values presented as mean ± 
standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group. 

Source: Authors 

 
 
 

obese + normal (155.61±2.92
b
); while at 12 weeks 

normal (175.64±0.65
d
), obese (119.12±1.54

a
), obese + 

sibutramine (169.54±1.93
c
), obese + normal 

(162.13±2.13
b
).    The    serum   levels     of    adiponectin 

decreased significantly in a time dependent manner in 
the obese rats treated with HFD compared to the control. 
On the other hand, adiponectin levels increased in the 
group  of  obese  rats  treated with sibutramine as well as 
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Figure 10. Mean adiponectin level in obese, sibutramine and normal fed Wistar rats. Values presented as mean 
± standard deviation, n=5 per treatment group. 

b
p< 0.05, 

c
p< 0.05, 

d
p< 0.05 for comparison between group. 

Source: Authors 

 
 
 
NRC but sibutramine had significantly higher raising 
effect than NRC alone (P<0.05). 
 
 
DICUSSION 
 
One of the main global health consequences of extensive 
indulgence in high fat diet is obesity (Finucane et al., 
2011). The adverse health repercussions of obesity 
range from metabolic syndrome, type 2 diabetes mellitus, 
insulin resistance, dyslipidemia, cardiovascular diseases, 
to kidney diseases (Field et al., 2001). Obesity has 
worsened the global burden of chronic kidney disease 
(CKD) which consumes large portion of health care 
finances in developed countries and contributes to high 
morbidity and mortality in developing counties. It may be 
possible to identify renal injury brought about by obesity 
by measuring glomerular filtration rate (GFR), urine 
albumin creatinine ratio (UACR) as well as serum levels 
of adipokines moderated by obesity and its co-morbid 
conditions (Nwachukwu et al., 2016; National Kidney 
Foundation, 2002).  

In this study, the effects of exposure of male Wistar rats 
to HFD and associated alterations in UACR and serum 
adipokines concentrations to unravel possible 
mechanisms of obesity associated renal diseases were 
investigated. The study also investigated the impact of 
treatment with a weight reduction drug, sibutramine and 
withdrawal effect of HFD (diet modification) on the 
parameters measured. The parameters evaluated include 

Lee index, urine albumin, urine creatinine, UACR, an 
early marker of kidney function; serum adipokines like 
interleukin IL-1β, IL-6, TNF-α, IFN-γ, leptin and 
adiponectin. It is evident from the result that consumption 
of HFD affected Lee index. Beyond the mean baseline 
values, the Lee index was significantly higher in the 
obese group compared to control group per treatment 
period. Obesity significantly increased mean Lee index in 
a time dependent manner, while sibutramine and diet 
modification significantly decreased Lee index at 12 
weeks (Figure 1). Hariri et al. (2010) found that a HFD 
increased body weight and induced obesity. This may be 
explained by chronic low grade inflammation found in 
adipose tissue of obese subjects (Wang and Liao 2012) 
which is considered a crucial risk factor for growing 
prevalence of obesity and its related comorbidities, 
including chronic kidney disease (Zatterale et al., 2019).  

Although baseline or pre-induction results for the obese 
group did not differ with control, there was significant 
increase in post induction values of urine albumin and 
UACR but decreased urine creatinine in the obese rats 
when compared with the control suggests renal 
impairment and reduced GFR. However, treatment of the 
obese rats with sibutramine and withdrawal of high fat 
diet significantly lowered urine albumin (Figure 2) and 
UACR (Figure 4), but increased urine creatinine (Figure 
3) level in comparison with the obese untreated group. 
Interestingly, weight reduction strategy via NRC alone 
had higher lowering effect on UACR levels (improved 
renal function)  than combined treatment with sibutramine  



 
 
 
 

and NRC which was significant at 12 weeks. Sibutramine 
may have accounted for this non-synergistic effect 
observed indicating that the drug may be associated with 
declining renal function. This finding supports previous 
study which linked sibutramine to increased blood 
pressure which was previously regarded as a cause and 
consequence of renal failure (Nwachukwu et al., 2016; 
Kramer et al., 2009). The study is in tandem with the 
findings of Lin et al. (2010) that higher dietary intake of 
animal fat may increase risk for microalbuminuria, a 
predictor of kidney impairment. Recent studies, from Asia 
and Europe posit that obesity is correlated with UACR 
(Minoo et al., 2015; Tamba et al., 2010; Seo et al, 2016), 
while others found no a correlation (Dittmann et al., 
2013). The observed time effect showed that renal 
impairment or other associated co-morbidities arising 
from obesity may be dependent on the duration of 
obesity. Physiologic abnormalities or damage of 
glomerular endothelial cells and glomerular basement 
membrane may explain the albuminuria or elevated 
UACR observed in this study (Forman et al., 2008). A 
study reported that incomplete glomerular filtration barrier 
results in excess albumin leakage to the proximal tubular 
fluid which may not be completely reabsorbed by 
proximal tubular cells (Lazzara and Deen, 2007) with 
progressive renal damage over time. Obesity associated 
increased metabolic demand may also explain the 
glomerular hyper-filtration leading higher levels of 
albumin excretion and elevated UACR observed in this 
study. This study illustrated that the concentration of 
serum IL-1β, IL-6, TNF-α, IFN-γ and leptin increased 
significantly while adiponectin decreased significantly per 
treatment period in the different groups of obesity 
induced renal impaired rats compared to control group 
implying that the renal impairment observed may be 
sequel to cytokines inflammatory  effects on the kidneys. 
Furthermore, sibutramine therapy and withdrawal of HFD 
significantly lowered serum IL-1β (Figure 5), IL-6 (Figure 
6), TNF-α (Figure 7), IFN-γ (Figure 8), leptin (Figure 9) 
levels and significantly raised adiponectin (Figure 10), 
compared to the obese untreated group with time effect. 
The result also showed that sibutramine lowered serum 
IL-1β, IL-6, TNF-α, IFN-γ and leptin levels better than 
NRC alone. It is clear from this study that reduced kidney 
function evidenced by significantly higher UACR is 
among the manifestations of inflammatory cytokines in 
prolonged obesity. Imig and Rayn (2013) reported that 
inflammatory cytokines have a central role as both 
mediators of immune function and initiators of renal injury 
which may be a common underlying mechanism for both 
chronic and acute renal diseases regardless of the cause 
although, some cytokines like IFN-γ have immune 
modulatory roles that can ameliorate as well as promote 
kidney disease diseases. 

As Kern et al. (2018) found obesity induced chronic 
low-grade inflammation, recruits and activates immune 
cell subsets in adipose tissues which increase IL-1β, IL-6 
and TNF-α resulting in impaired insulin action in metabolic  
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tissues as well as but also favour complications of obesity 
like kidney diseases. This study demonstrated that leptin 
and adiponectin were differentially expressed adipokines 
in obesity and kidney impairment. Leptin secretion is 
primarily from white adipose tissues and increase blood 
level is typically linked to fat stores which signal the 
adequacy of adipose energy stores. Leptin binds to its 
receptor, LepRb in the hypothalamus to directly promote 
satiety, suppress food intake as well as permit energy 
expenditure and glucose regulation (Flak and Myers, 
2016). Leptin may also act on the limbic system by 
stimulating dopamine uptake which leads to a feeling of 
fullness (Fernández-Sánchez et al., 2011). Leptin’s role 
in developing obesity and renal dysfunction observed in 
our study could be due to inflammatory and oxidative 
actions (Ghantous et al., 2015) as well as sympathetic 
activation and vaso-constrictive properties (Hall et al., 
1999). The finding supports earlier report which noted 
that leptin levels are directly associated with adipose 
tissue mass, while the concentrations of adiponectin, an 
anti-inflammatory hormone are reduced or down 
regulated in obesity (Ghantous et al., 2015) which may 
be responsible for the development of obesity-related 
kidney disease observed. 
 
 
Conclusion 
 
Obesity induced renal impairment by deranging renal and 
inflammatory biomarkers investigated in this study. These 
adverse effects on the kidney were mitigated by 
sibutramine10 mg/kg/day and normal diet (NRC) by 
resisting the disturbance, thereby showing nephron-
protective effect. The combined treatment of sibutramine 
with NRC reduced progression of kidney disease to a 
lesser extent than NRC alone suggesting non-synergistic 
effect. 
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