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HIGHLIGHTS
¢ Metformin reported to decrease body weight of obese patient.
e Metformin showed hepatorenal side effects in obese rats.
¢ Metformin induces biochemical changes in obese rats.

e Metformin alters histological architectures of liver and kidney of obese rats.

Abstract: Obesity results in detrimental effects on different body organs. Metformin (Met) has described to
decrease the body weight of obese patient and to control the glucose level. This study aimed to evaluate the
role of Met treatment for long period on the functionality of liver and kidney organs of obese rats. Forty rats
were used in this study and divided into four groups as the following: group 1 (Gpl) was served as a negative
control that administered orally with 200 pL of H,O. Gp2 of rats was administered with Met (200 mg/kg) daily
for a month. Gp3 was obese rats, and Gp4 was obese rats administered with Met as in Gp2. All rats were
sacrificed to analyze hematological, biochemical, and histopathological changes. The results showed that
Met decreased the body weight of both naive and obese rats, however, it caused hepato-renal dysfunctions
in obese rats as evidenced by increased the levels of ALT, AST, urea, creatinine, and MDA and decrease in
the antioxidants biomarkers (SOD, Cat and GSH). Collectively, Met causes liver and kidneys dysfunctions of
obese rats and is not recommended to described for obese persons.
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INTRODUCTION

Obesity is typically defined as excess body weight. Obesity increases risk of chronic disease such as
T2DM, cardiovascular disease and certain cancers [1]. Obesity causes insulin resistance, resulting in a series
of obesity-related disorders [2]. Obese people have inadequate glycemic, blood pressure and other obesity-
related medical conditions [3]. Unfortunately, weight gain led to cardiovascular manifestations and other
morbidity [4]. Weight reduction is an important part of therapy in all obese patients. For weight maintenance
and loss, anti-diabetic drugs such as metformin can be potential in both weight and glucose control of obese
diabetic patients [5].

Metformin (Met) is well-known as a promising hypoglycemic drug, particularly prescribed in patients with
type 2 diabetes mellitus (T2DM) [6]. Met is useful in increasing insulin sensitivity, reducing gastrointestinal
glucose absorption and reducing the incidence of the metabolic syndrome in obese patients [7,8]. Despite
the known glucose-lowering effects of Met, clinical studies reported its promising role in weight loss via
decreasing the appetite and regulation of fat oxidation and storage in liver and peripheral tissues [9]. The
direct effect of Met on the signhaling mechanisms to regulate food intake has been investigated [10]. It has
been reported that Met induce mammalian target of rapamycin, a downstream target of adenosine
monophosphate kinase (AMPK) that mediates the effects of leptin, suppresses the appetite, and decreases
ectopic lipid stores [11,12]. Furthermore, it has been reported that Met could be used as anticancer drug
especially for lung cancer [13]. Even though, the importance of Met on diabetic and cancer treatment has
been addressed, till now a debate about the effect of Met on the renal function is standing. Siwei et al. (2017)
reported that Met can improve kidney lesions and increase antioxidant activity of superoxide dismutase in
diabetic rats [14]. Previous study showed an adverse effect of Met upon the treatment of diabetic persons
[15]. There is strong and consistent evidence that obesity management can delay the progression from pre-
diabetes to T2DM [16]. Some physicians described Met to obese persons to help them in losing weight. The
present study designed to evaluate the impact of Met on the hepato-renal functions in high-fat diet (HFD)-
induced obese male rats.

MATERIALS AND METHODS

Metformin (Met) was purchased from local pharmacy in Tanta, Egypt, diluted by phosphate buffer saline
(PBS) and the concentration was adjusted to 200 mg/kg b.wt in 200 pl for oral administration. Cholesterol
was purchased from Sigma-Aldrich (St Quentin Fallavier, France). All biochemical kits were purchased from
Bio-diagnostic Company, Egypt.

Animals: Forty-two rats (130 = 5 g) allowed acclimating for 1 week in the animal house conditions of the
Faculty of Science, Tanta University, before being divided into groups. Animals were used for the
experimental design. The institutional animal care committee at Zoology Department, Faculty of Science,
Tanta University-Egypt, approved the experimental design (IACUC-SCI-TU-00375). Target values for
temperature and relative humidity were about 22 + 1 °C and 55 + 5% respectively, light- dark (day/night) cycle
was achieved. Rats were given drinking tap water and normal experimental pelleted animal food ad libitium.
Animals were carefully observed every day and their body weights, while food consumption and water intakes
were measured precisely every week to evaluate any signs of toxicity or abnormality during the experiment.

Obesity induction and experimental design: Rats were divided into four groups (n =10). Group 1 (Gp1l)
and group 2 (Gp2) were given drinking tap water and normal experimental pelleted animal food ad libitium,
while group 3 (Gp3) and group 4 (Gp4) were given drinking tap water and high-fat diets (HFD) contentiously
for 5 weeks to induce obese rats. Then, Gpl administered orally with saline, while Gp2 received Met as 200
mg/kg, once daily by oral gavage for 30 days. Group 3 (Gp3) received saline and Gp4 received Met as 200
mg/kg, once daily by oral gavage as in Gp2. At the end of the experiment, all rats were sacrificed under ethyl
ether anesthesia and gross examinations were performed macroscopically on all groups during sacrifice.

Determination the percentage of the change on total body weight: All groups of rats were weighted at
the beginning (initial b.wt) and at the end of the experiment (final b.wt). The percentage of the change in the
total body weight (% T.B.W) was calculated as follow: (final b.wt — initial b.wt / initial b.wt) x 100.

Hematological and biochemical analysis: To determine the hematological parameters, the blood was
withdrawn to estimate the total count of red blood cells (R.B.Cs), hemoglobin content (Hb), hematocrit (Hct%),
the total count of white blood cells (W.B.Cs) and differential count using auto hematology analyzer (BC-3200,
Mindray, China). The values were then compared with the normal and standard values. Serum alanine
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aminotransferase (ALT) and aspartate aminotransferase (AST) were determined as described [17]. Serum
cholesterol, triglycerides, and high-density lipoprotein cholesterol (HDL) were determined using quantitative
kit based on the previously described methods [18-20]. Low-density lipoprotein cholesterol (LDL) was
calculated as follows: LDL = total cholesterol- HDL— VLDL [21]. Malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT), and reduced glutathione (GSH) were determined according to their
manufacturing protocols [22-24].

Histopathological investigations: Tissue specimens of the liver were harvested and fixed in 10% formalin.
Paraffin blocks were prepared after completing the tissue processing in different grades of alcohol and xylene.
Sections (5um) were prepared from paraffin blocks using microtome, stained with hematoxylin and eosin,
and observed under a light microscope (Optica light microscope, B- 350) to examine gross cellular damage.

Statistical analysis: One—way analysis of variance (ANOVA) was used to assess the significant
differences among treatment groups. Dunnet test was used to compare all groups against the control group
to show the significant effect of treatment. The criterion for statistical significance was set at p <0.05. All data
are presented as mean + SEM.

RESULTS

Rats were fed with high fat diet (HFD) for five weeks to induce obesity in rats. Post 5 weeks of feeding
on HFD, the body weight of rats increased from 150 to 250g with percentage of change (66.6%) (Figure 1).
Then, naive, and obese rats were administrated either with dist. H,O or with Met orally for 30 days every day.
As compared to the control group (Gpl), naive rats/Met group (Gp2) showed low percentage of body weight
changes. Obese rats/Met group (Gp4) showed low percentage of body weight changes when compared to
group of obese rats (Gp3).
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Figure 1 (A and B). Kinetic changes of total body weight of control rats fed on normal diet and obese-induced rats fed
on HFD (A). Percentages of total body weight changes of both naive and obese rats post treatment with Met for two
months (B).

The results showed that the hemoglobin (Hb) level, total red blood cell (RBCs) counts, hematocrit

(Hct) %, total white blood cells (WBCs) and platelets count did not significantly change among all groups
under the study (Table 1).
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Table 1. Hematological parameters in different groups of rats treated with Met.

Groups Hb (g/dL) RBCs (x108/uL) Hct (%) WBCs (x10%/uL)  Plat. (x10%/uL)
Naive 11.82 £ 0.37 8.82 +0.41 39.3+3.3 13+0.5 882.8+31.3
Naive/Met 11.0+£0.5 8.71+0.1 41925 12+0.8 740 £ 78.2
Obese 14.53 £ 0.46 8.81+0.22 447 +2.9 11+£0.25 699 + 68.5
Obese/Met 14.0+0.4 85+0.27 45+ 3.8 10+ 0.6 778 +£31.1

The values represented mean + SD. p value < 0.05 was statistically significant. Means that do not share a letter are
significantly different.

The levels of alanine transaminase (ALT) and aspartate transaminase (AST) in naive/Met group (Gp2)
did not change when compared to control group (Gpl). However, the levels of ALT and AST were significantly
increased in obese group when compared to the naive rats (Gpl). Obese/Met group (Gp4) showed an
increase in the level of AST and ALT when compared to obese rats (Gp3). The levels of urea and creatinine
did not show significant changes in naive/Met group (Gp2) when compared to Gpl (Table 2). In obese rats,
the level of urea increased; however, the level of creatinine did not change when compared to Gp1l. In
obese/Met group (Gp4), the levels of urea and creatinine were increased when compared to obese rats
(Gp3). Treatment of obese/Met group showed the highest level of urea and creatinine among all groups
(Table 2).

Table 2. ALT, AST, urea, and creatinine levels in the sera of different experimental groups.

Group GPT (U/L) GOT (U/L) Urea (mg/dL) Creatinine (mg/dL)
Naive 69.31+4.16¢ 130.0+2.65¢d 22.00+2.0¢ 0.62+0.09
Naive/Met 70.3+8.39°¢ 121.0+1.00¢ 25.00+2.0de 0.72+0.03
Obese 78.315.03b¢ 155.04£5.00° 34.67+4.5b¢ 0.63+0.07
Obese/Met 95.0+4.02 126.7+5.86 ¢ 52.67+2.522 0.79+0.08

The values represented mean + SD. p value < 0.05 was statistically significant. Means that do not share a letter are
significantly different.

Cholesterol, triglycerides, LDL, HDL and VLDL levels in naive/Met group did not change significantly
when compared to control group (Gpl). However, cholesterol, triglycerides, LDL and VLDL levels were
increased in the obese rats (Gp3) when compared to Gpl. In contrast, the level of HDL in obese rats (Gp3)
showed substantial decrease when compared to Gpl. In obese/Met group, the level of cholesterol was
decreased when compared to obese rats. The level of HDL was decreased in obese rats (Gp3) when
compared to Gpl. However, the level of LDL increased significantly in Gp3. In contrary, administration of Met
in obese rats decreased LDL level (Table 3).

Table 3. Cholesterol, TG, HDL, LDL and VLDL levels in the sera of different experimental groups.

Group Cholesterol TG HDL LDL VLDL
Naive 43.3+1.5¢ 53.00+2.65¢ 38.3+1.15ab 10.00£1.0° 14.00+1.0¢
Naive/Met 41.0+1.0¢ 51.00+1.00¢ 36.3+1.5b 7.00+1.0° 11.00+1.09
Obese 76.014.02 142.67+5.52 42.0£3.62° 3.00£1.0¢ 28.33+1.52
Obese/Met 54, 3+2.5° 87.33+2.08° 38.3+2.1ab 2.33+1.15¢ 17.00£1.0°

The values represented mean + SD. p value < 0.05 was statistically significant. Means that do not share a letter are
significantly different.

The levels of superoxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH) and
malondialdehyde (MDA) in liver tissues of naive/Met group did not change when compared to Gpl1. The levels
of SOD, CAT and GSH in liver tissues were decreased in both of obese rats and obese/Met group when
compared to Gpl and Gp2 (Figure 2). The levels of SOD, CAT and GSH in obese/Met group was higher than
their levels in obese rats (Gp3). The level of MDA was increased in both of obese and obese/Met rats when
compared to control groups. Interestingly, the level of MDA in obese/Met group was less than its level in
obese rats (Figure 2).
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Figure 2. Malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH) levels in
the liver tissues of the different experimental groups.

In kidney tissues, the levels of SOD, CAT, GSH and MDA did not alter significantly in naive/Met when
compared to Gpl. The levels of SOD, CAT and GSH in kidneys tissues were decreased in both of obese and
obese/Met groups when compared to control group. The levels of SOD, CAT and GSH in obese/Met rats was
higher than their levels in obese rats. The level of MDA was increased in both of obese and obese/Met
groups, even though, the level of MDA in obese/Met group was less than its level in obese rats (Gp3) (Table
4).

Table 4. MDA, SOD, CAT, GSH levels in the kidney tissues of the different experimental groups.

Group MDA (nmol/mg) SOD (pL/mQ) CAT (ng/mg) GSH (ng/mg)
Naive 34.00+3.16° 38.5+1.292 76.25%2.222 12.0+0.822
Naive/Met 36.25+3.86° 33.5+1.29° 72.25+£1.712 11.75+0.962
Obese 120.50+1.29° 19.75+1.7¢ 38.00+2.16¢ 5.94+0.43P
Obese/Met 148.25+3.302 12.0+2.94¢ 21.50£1.29¢ 1.74+0.21°¢

The values represented mean = SD. p value < 0.05 was statistically significant. Means that do not share a letter are
significantly different.

Stained sections of the liver of control group (Gp1) showed a normal architecture with hepatic lobulation.
The hepatic strands are alternating with narrow blood sinusoids that are lined by a layer of endothelial cells
having the Kupffer cells (Figure 3A). Liver sections of naive/Met group exhibits normal radiating hepatocytes
with granular stained cytoplasm and centrically organized nuclei, few numbers of hepatocytes were
degenerated, the central vein (Cv) is irregular and engorged with few RBCs, normal regular dilated blood
sinusoids in between hepatic cords with normal Kupffer cells (Figure 3B). Liver sections of obese rats (Gp3)
revealed notable degree of restoration of it's normal like structures, represented by regular arrangement of
hepatocytes around Cv, their cytoplasm acquires its homogenous stain and granular cytoplasm, but some
hepatocytes with no obvious boundaries, some nuclei appear densely stained (pyknotic), others are faint
stained ones (karyolitic) although some of them were still unchanged, irregular Cv, and dilatation blood
sinusoids (Figure 3C). Histopathological alterations were observed in Gp4 include noticeable disorganization
of hepatic architecture, and congested Cv, mostly hepatocytes show degenerative and vacuolated cytoplasm
with demarcated boundaries, pronounced nuclear changes like pyknotic nuclei and karyolitic ones, and
deteriorative blood sinusoids were noticed (Figure 3D).
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Examination of renal cortex of the kidney sections of control rats (Gp1) showed normal appearance. The
glomerulus is enclosed by two layers of epithelium, surrounded by Bowman's capsule. The glomeruli are
round and oval, the proximal convoluted tubules were lined with simple epithelia. These epithelia had an
acidophilic cytoplasm, and the apex possesses abundant microvilli which formed a brush border. The distal
convoluted tubules were lined with simple cuboidal epithelium (Figure 4A). The kidney sections from rats that
treated with Met (Gp2) exhibited renal profile is nearly like its normal structure. Most of the glomeruli were
regular surrounded with prominent Bowman's capsule, some histopathological changes were noticed such
as few numbers of the renal tubules were damaged and destructed, some nuclei of their lining epithelium are
dark stained (pyknotic nuclei) as well as other renal tubules occluded with hyaline casts compared to the
normal histological structure (Figure 4B). Investigated kidney sections of obesity rats (Gp3) showed normal
like structure of the glomeruli that appear oval or rounded shape with normal appearance of the mesangial
area, mostly of the renal tubules are normal, others with atrophy and destruction of its lining epithelium as
well as their contents intermixed with each other (Figure 4C). The investigation of the kidney sections of
obese/Met group (Gp4) revealed atrophy and disorganization of the glomeruli and irregular mesangial areas,
few numbers of the renal tubules are normal but the mostly ones are disorganized, lost their characteristic
appearance and their contents are intermixed with each other as well as intratubular hemorrhage was noticed
(Figure 4D).
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Figure 3. Liver sections of different experimental groups stained with H&E. (A) High magnified section of control
liver (Gpl) showing the normal histological structure of hepatic architecture, central vein (Cv) and radiating polygonal
hepatocytes (H). The hepatocytes had homogenous granular cytoplasm. The liver strands were alternating with narrow
blood sinusoids (Bs) and distinct phagocytic Kupffer cells (K). (B) Liver section of naive/Met group (Gp2) exhibits normal
radiating hepatocytes (H) with granular stained cytoplasm and centrically organized nuclei, few numbers of hepatocytes
were degenerated (arrows), irregular Cv and normal regular dilated Bs. (C) Liver section of obese rats (Gp3) revealed
some intact like hepatocytes, granular cytoplasm with no obvious boundaries and centric nuclei, some nuclei appear
densely stained (pyknotic) (arrows), others are faint stained ones (karolitic) (thick arrows), irregular Cv, irregular dilated
Bs. (D) Liver section of obese/Met group (Gp4) showing noticeable disorganization of hepatic architecture, congested
Cv, degenerative hepatocytes and vacuolated cytoplasm (V) with demarcated boundaries, non-organized nuclei. Some
dark stained nuclei (pyknotic) (arrow), others are faint stained (karyolitic) (thick arrows) with deteriorative Bs.
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Figure 4. Kidney sections of different experimental groups stained with H&E (X 400). (A) High magnified section
of control rats (Gp1) showing normal architecture of renal glomeruli (G) and renal tubules (R). (B) Kidney section of
Gp2 (naive/Met) exhibits normal like structure of the glomeruli (G) and mesangial areas (*), few numbers of the renal
tubules were damaged and destructed, some nuclei of their lining epithelium are dark stained (pyknotic nuclei) (arrows)
and renal tubules occluded with hyaline casts (thick arrows). (C) Kidney section of obese rats showing normal rounded
or oval shape of the glomeruli (G) and regular mesangial areas (*), mostly of the renal tubules (R) are normal, others
are damaged with atrophy and destruction of its lining epithelium. (D) Kidney section of obese/Met group (Gp4) reveals
atrophy and disorganization of the glomeruli and irregular mesangial areas (*), few renal tubules are normal but the
mostly ones are disorganized, lost their characteristic appearance and their contents are intermixed with each other
(arrows) as well as intratubular hemorrhage was noticed (thick arrow).

DISCUSSION

Obesity is a public health problem associated to T2DM, resulted from disordered in energy balance that
increasing body fat mass. The anti-T2DM drug, Met which increase insulin sensitivity and help in losing weight
[7]. Additionally, Met is found to have anti-inflammatory and antioxidant properties by increasing the
production of mitochondrial reactive oxygen species (ROS) [25]. Met is generally considered to be safe in
clinical practice, with gastrointestinal side effects such as nausea, dyspepsia, abdominal bloating, abdominal
cramps, and diarrhea are commonly associated with it [26]. This study showed that feeding with HFD-induced
obesity in male rats by increasing the total body weights when compared to rats fed on normal diet. This
finding agreed with other study showed that HFD induce obesity in rats [27]. In this study, treatment of obese
rats with Met led to weight loss and this may be due to the anorectic effect of this drug [9]. Treatment of naive
or obese rats with Met did not show significant changes in the examined hematological parameters, however,
the platelets count slightly decreased in obese rats. Previous study showed that obesity could lead to an
increase in the total number of white blood cells (WBCs). However, Met treatment cause decrease the total
number of WBCs [28]. In the present study, treatment of naive rats with Met did not alter the levels of AST
and ALT in liver tissues, and this could explain that there is no toxicity post administration with Met. This
finding agreed with a previous study reported that Met administration is safe for long period in normal rats
[29]. The level of AST and ALT in obese rats, however, were increased when compared to naive rats.
Treatment of obese rats with Met additionally increased the levels of AST and ALT which could be indicates
that Met treatment led to some toxicity on the liver tissues of obese rats. Previous study reported that Met
treatment led to a hepatotoxicity, which in turn lead to an increase in the levels of AST, ALT. In contrast to
our finding, Met treatment showed significant reduction in liver enzymes ALT and AST; this finding was
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reported by other researchers [30,31]. Treatment of control rats with Met for prolonged time did not alter the
level of urea, and creatinine. This finding was consistent with previous study that reported the safety of Met
on normal [32]. In obese rats, however, the level of urea and creatinine significantly increase than control
rats. This finding agreed with previous report showed obesity increase the levels of urea and creatinine [33].
The results showed also that treatment of obese rats with Met increase the level of urea and creatinine than
their levels in obese rats only. Again, this finding could illustrate the toxic effect of Met treatment on the kidney
function of obese rats. Prolonged treatment of naive rats with Met led to no changes in the lipid profile
(cholesterol, triglycerides, LDL, HDL and VLDL). Obese rats showed significant increase in the previous lipid
profile except the level of HDL was decreased. In contrast, treatment of obese rats with Met led to significant
decrease in the levels of cholesterol, triglycerides, LDL and VLDL and increase in HDL levels. This could be
explaining the beneficial effect of Met to ameliorate the lipids disorders induced by obesity. Several studies
showed the direct effect of Met on the lipid profile [34,35].

The results showed that treatment of naive rats with Met for prolonged time did not induce significant
changes in the levels of SOD, CAT, GSH and MDA. This finding clearly showed no side effect of Met on the
antioxidant status in normal rats [36]. In obese rats, however, the level of these antioxidant/oxidants’
biomarkers changed, the level of SOD, CAT, and GSH were decreased, however, the level of MDA was
increased. Treatment of obese rats with Met for prolonged time decreased the antioxidants biomarkers (SOD,
CAT and GSH) and increased the levels of oxidative stress biomarker (MDA), when compared to their levels
in obese rats. This finding indicated that the treatment with Met did not show improvement in the antioxidant
capacity of obese rats.

Histopathological observations revealed noticeable alterations in the liver tissues of Met/obese group
include marked disorganization of hepatic architecture, dilation and congestion of blood vessels,
degeneration and vacuolation of mostly hepatocytes, pronounced nuclear changes like pyknotic nuclei and
karyolitic ones. Our results contrast with previous study reported that treated obese rats with metformin can
correct obesity in addition to improve liver function and histological response [36]. Also, our study showed
that there are obvious histological alterations in the kidney tissues of Met/obese group that exhibits atrophy
and disorganization of the glomeruli, disorganization of the mostly renal tubules as well as intratubular
hemorrhage was noticed. While the kidney tissues of both Met and obese groups exhibited renal profile is
nearly similar to its normal structure. Most of the glomeruli were normal and regular, some histopathological
changes were noticed such as few numbers of the renal tubules were damaged, destructed, and occluded
with hyaline casts.

CONCLUSION

Collectively, the data of the present study showed that obese rats administered with Met, an increase in
liver, kidney functions biomarkers, and lipids peroxidation were observed when compared with normal control.
Furthermore, the antioxidants biomarkers were decreased accompanied with alterations in histological
architectures of liver and kidney tissues. Therefore, the prolonged treatment with Met revealed a hepatorenal
dysfunctions in high fat diet-induced obese male rats.
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