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A B S T R A C T   

Background: Prevalence of obesity is increasing worldwide. Obesity is associated with incidences 
of metabolic disorders and cardiovascular diseases and the risk of having it rose sharply during 
the COVID-19 pandemic. Obesity is associated with oxidative stress, inflammatory markers and 
hepatic disorders and has become one of the silent killer diseases affecting global health. 
Methods: This study examined the effects of obesity on liver functions (ALT, AST and LDH), lipid 
profile (TG, TC, HDL-c, LDL-c and vLDL-c), tumour necrosis factor alpha (TNF-α), inflammatory 
marker, C-reactive protein (CRP), leptin hormone and antioxidant enzymes (CAT, SOD and GPx) 
and lipid peroxidation marker (MDA) in liver homogenates besides histological structure of the 
liver tissues and assessment of DNA damage. Fifty male Wistar rats were used and they were 
divided into five treatment groups: I-Control group, II-high-fat diet (HFD) treated group (Obesity) 
group, III-HFD plus Orlistat (ORL), IV-HFD plus metformin (Met) and V- HFD plus ORL plus Met. 
Results: Experimentally-induced obesity caused a significant increase in liver enzymes including 
lipid markers (triglycerides and total cholesterol), inflammatory markers, tumour markers and 
lipid peroxidation markers and a concurrent decline in antioxidant enzymes and damage of liver 
main structures characterised by presence of congestion and accumulation of mononuclear in-
flammatory cells in blood sinusoids. In contrast, groups treated with either ORL or Met or both 
group, we recorded restoration of normal hepatic structures and a decline in DNA damage, liver 
enzymes and antioxidant levels. The best restoration and amelioration were observed in the group 
treated with a combination of ORL and Met. 
Conclusion: Our findings indicated the synergistic effect of ORL and Met in ameliorating hepatic 
functions and lipid profile, alleviating inflammation, genotoxicity and side effects of 
experimentally-induced obesity.   

1. Introduction 

Obesity is defined as an excessive amount of body fat in relation to a slope mass that compromises health of individuals [1]. It can 
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lead to incidence of many metabolic disorders such as type 2 diabetes mellitus, dyslipidemias, hypertentions, stroke and coronary 
artery disease [2,3]. 

Obesity with incidence of overweight is a pandemic that plays an essential role in the pathogenesis of type 2 diabetes mellitus [4]. 
The elevation rate of obesity appears to be the first factor for the recent elevation in the incidence of type 2 diabetes mellitus [4,5]. 
Several medications commonly used for the treatment of obesity and diabetes mellitus with their complications which may elevate the 
adiposity and may cause metabolic disturbance [6–8]. Obesity is also has a significant role in diabetes mellitus management and an 
independent risk for cardiovascular complications [4,9]. The prevalence of obesity varies greatly worldwide and in different regions 
and there is an urgent needs for more data about the effects of obesity and its management in the achievement of metabolic targets in 
diabetes mellitus patients [10]. 

Although genetic factors have a major contribution in obesity, over-consumption of a high-fat and high-carbohydrate diet may 
promote a high energy balance and lead to the development of overweight and obesity status [11,12]. 

Recently, there has been a constant elevation in the prevalence of obesity in the last three decades. Based on the survey of 2005, 
prevalence of obesity was estimated to be above 35% [13,14]. Thereafter, following these studies and due to great interest of the Saudi 
Ministry of Health in alleviation of obesity to avoid it’s action that induced several healthy risks, took national measures to control the 
spread of the obesity epidemic[15]. 

Metformin (Met) which is an oral drug that is used daily for treatment of type 2 diabetes mellitus. Various mechanisms of action of 
metformin have been proposed. These include: regulation of AMP-activated protein kinase (AMPK) and the mechanistic target of 
rapamycin complex 1 (mTORC1) and interaction with mitochondrial ‘Cu’ ions, which may inhibit the mitochondrial function [16]. 

Met was developed in the 1950s after revealing the lowering ingredient of blood glucose in goat’s rue, which is guanidine. Crude 
Guanidine leads to hepatotoxicity, meanwhile Met is a derivative with confirmed low toxicity [17]. 

Diabetes mellitus (DM) disease is a significant risk factor for development of different cancers. The vigorous relationship between 
DM and cancer has been investigated in liver and pancreas. Diabetic patients treated with Met seem to have a lower risk of incidence of 
cancer than using other therapeutics [18]. Since diabetes mellitus is an independent cancer risk factor, treatment of diabetes mellitus 
with Met might decline the risk of cancer. However, it is unclear till now if the cancer risk suppressing role of Met is related to a 
preventive effect of the therapy of cancer risk [19]. 

The relationship between Met use and declined cancer risk in diabetic patients was suggested in a previous study, which 

Fig. 1. Experimental design.  
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demonstrated a 23% decline in risk of cancer with using of Met [20]. Several previous studies have provided additional evidences for 
lowering cancer risks in diabetic patients treated with Met. Additionally, several studies have demonstrated that using of Met, have 
declined the cancer risk in diabetic patients [21]. 

Orlistat (ORL, tetrahydrolipstatin) is a pancreatic, gastric lipase inhibitor whose primary effect is to decrease the absorption of fat 
thereby decreasing calories. Its long-term use is also associated with reductions in blood pressure [22]. 

ORL is one of the few pharmacologic therapeutics available for patients with diabetes mellitus. It helps them in reducing their body 
weight and improving glycaemic control. There is previous evidence and studies that ORL in conjunction with changing the lifestyle 
that may achieve greater weight loss than alterations of lifestyle alone [23]. 

ORL can also reduce the risk of diabetes mellitus. The Canadian Diabetes Association guidelines suggest that if obese and diabetic 
patients under anti-hyperglycaemic medication also take ORL for about 12 months, body weight is reduced and level of glycated 
haemoglobin ‘HbA1c’. improves. Additionally, a European guideline encourages obese patients to take ORL in addition to lifestyle 
changes as an effective way to prevent DM [24]. 

This study aimed to evaluate the ameliorative synergistic effects of both ORL and Met therapeutics in alleviating hepatotoxicity, 
oxidative stress and genotoxicity induced by obesity in an experimental rat model and alleviation of obesity metabolic dysfunctions 
and complications. 

2. Materials and methods 

2.1. Animals and ethical statement 

Fifty male Wistar rats, aged eight weeks and weighing 150–180 g were obtained from the Faculty of Pharmacy (Animal Unit)— 
Zagazig University. The male rats were housed under hygienic controlled conditions with normal standard diet and water as a negative 
control group, whereas experimental groups were fed high-fat diets (HFD). This experimental study was performed according to 
recommendations for animal care and approved by the ethical committee of Zagazig University under ethical approval number ZU- 
IACUC/1/F/102/2023. Based on ethical approval, the euthanasia was induced by using low dose of Ketamine (9 cc/kg)/Xylazine (7 
cc/kg) to prevent any pain for animals without affecting the experimental results. 

2.2. Experimental groups 

Male rats were randomly divided into five groups of ten male rats each as shown in Fig. 1. 
The five treatment groups were as follows: 
I- Control group: was given a standard diet with water ad libitum. 
II- HFD group: Male rats were fed a high –fat diet containing 26500.00 kcal/kg of calories daily (twice/day) for 30 successive days. 

The composition of HFD was as follows: 34% Fat, 25% Fibrer, 22% protein, 7% salt, 10% ash, 2% Calcium, HFD was supplemented 
with vitamin D and some trace minerals such as Cu, I2, Se and Zn. 

III- HFD + ORL: Male rats were fed HFD and subsequently administered ORL at a dose of 12 mg/kg [25] for 30 successive days. 
IV- HFD + Met: Male rats were fed HFD and then subsequent treatment of Met at a dose of (70 mg/kg) [26] for successive 30 days. 
V-HFD + ORL + Met: Male rats were fed HFD and subsequently administered both ORL and Met (Administration of second dose 

after 1/2 h of the first dose) at the mentioned doses for 30 successive days, as shown in Fig. 1. 

2.3. Samples collection 

Blood samples were centrifuged at 5000 r.p.m for 15 min to obtain the serum, The serum was used in purified form for further 
analysis and it was persevered at − 20 ◦C. The experimental male rats were suddenly decapitated after induction of light anesthesia 
with xylene/ketamine (I.P), and the liver tissues were then removed, 1st part was used for histological and immunostaining, Mean-
while the 2nd part was weighed, and homogenized and used for evaluation of antioxidant enzyme capacities (Fig. 1). The supernatants 
of tissue homogenates were obtained after centrifugation at 3000g for 15 min at 4 ◦C, then the freshly collected supernatants were 
preserved at − 20 ◦C for future analysis. 

2.4. Biochemical biomarkers 

2.4.1. Measurement of hepatic functions and inflammation markers 
After successive 30 days of treatment, some biochemical markers in serum were assessed as the activity of alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) by using available commercial kits from (Spinreact Co, Spain) according to the instructions. 
Serum LDH activity was assessed by using LDH kit (GmbH Schigraben, Hannover, Germany). 

The ELISA technique was conducted (Ebio-Science) by following the instructions to determine tumor necrosis factor-alpha (TNF-α) 
and determination of (CRP) C-reactive protein. 

2.4.2. Assessment of lipid profile 
The serum total cholesterol (TC) and triglycerides (TG) were determined according to Carr et al. [27]. High-density lip-

oprotein–cholesterol (HDL–c) was determined based on Warnick et al. [28]. Serum low-density lipoprotein–cholesterol (LDL–c) level 
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was determined based on Friedewald [29] using the following formula: LDL-c = ¼ Total cholesterol levels–(Triglyceride concentra-
tion/5) – HDL-c concentration, meanwhile VLDL-c = triglyceride/5. 

2.4.3. Assessment of oxidative stress markers 
A small piece (0.25 g) of the hepatic tissues were homogenized with cold slightly alkaline buffer and centrifuged to get the su-

pernatant that was further used for performing antioxidant assays. Briefly, tissues were perfused with a 50 mM of sodium phosphate 
buffer (100 mM Na2HPO4/NaH2PO4, pH 7.4), 0.25 M sucrose and 0.1 mM EDTA. Then, hepatic tissues were homogenized in ~5 mL 
cold buffer/g of tissues using the homogenizer. The tissue homogenates were centrifuged at 10,000 r.p.m for 1/4 h at 4 ◦C for esti-
mating enzymatic assays and was centrifuged at 2500 r.p.m for determination of lipid peroxidation level, and the resultant supernatant 
transferred into clean and sterilized Eppendorf tubes that then preserved into a deep freeze until subsequent used. 

Superoxide dismutase enzyme activity (SOD) was assessed as one unit of SOD activity was calculated as the amount of protein 
caused 50% autooxidation inhibition for pyrogallol according to Marklund and Marklund [30]. Malondialdehyde (MDA) was 
measured via using 1,1,3,3-tetra ethoxy propane as a standard according to Ohkawa et al. [31].Glutathione peroxidase (GPx) activity 
was estimated according to the manufacturer instructions [32]. CAT activity was estimated at 240 nm over a period of 3 min according 
to Aebi [33] (Spectrophotometer SP-2200, Bioespectro). Thiol levels were estimated based on [34]. Protein carbonyl (PC) levels were 
estimated according to [35], all parameters by using by using Bio-Diagnostic kits. 

2.5. Histological and immunohistochemically assessment of liver tissues 

Parts of the liver tissues were fixed in neutral buffered formalin (10%) and then embedded in paraffin, then sectioned as well as 
stained with highly pure hematoxylin and eosin [36]. The sections were examined by using the light microscope and then photo-
graphed by using a digital camera. Fixed stained samples of hepatic tissues were examined. Cross sections of the hepatic tissues were 
examined via the light microscope. The liver slices were blocked with 0.1% mix of (H2O and MEOH) for ~10–20 min to study proteins 
related to apoptosis. Hepatic tissues were treated at 4 ◦C for one night with “polyclonal caspase-3 antibody”. The color intensity of 
caspase-3 was used as asignificant marker to classify the intensity as the following: (− ) means (weak immunostaining), (–++) means 
(moderate immunostaining), (++++) means (Strong immunostaining), and (—+) means (very weak immunostaining). 

2.6. Single cell gel electrophoresis (SCGE) (comet assay) 

Small pieces of the liver tissues of control and treated groups were placed into a small Petri dish with an ice-cold mincing solution 
(Ca2+-and Mg2+-free HBSS, DMSO and EDTA). The viability of the tested cells was determined by analyzing the comet images after 
electrophoresis according to Endoh et al. [37]. 

The small hepatic samples were cut into smaller pieces, using a disposable blade. Then, the samples were cut into more finer pieces. 
The obtained cell suspensions were filtered (100 μm). All hepatic tissues’ samples were kept on ice to avoid the light until the end of 
comet assay procedures. All the comet assay was performed under the alkaline conditions [38]. Briefly, 5 μl of the hepatic cell’s 
suspensions were gently mixed with 120 μl of 0.5% agarose with low melting point at 37 ◦C and layered onto microscope slides, 
pre-coated within 1.5% agarose with normal melting point. The microscopic slides were then placed in freshly prepared cold lysing 
solution overnight and then, placed in electrophoresis cube with alkaline electrophoresis solution (pH > 13) at 4 ◦C for about 1/4 h. 
The electrophoresis was performed for 20 min. After electrophoresis, the slides were washed in neutralizing buffer, fixed for few 
minutes in almost absolute alcohol (96%), then dried, and stored at the room temperature. 

2.7. Statistical and data analysis 

The data were expressed as mean ± SE., a One-Way Analysis of Variance was employed for comparing several groups, using post- 
hoc test. Statistical significance at P ≤ 0.05 [39]. 

Table 1 
Effect of ORL or Met either alone or in combination on liver functions and lipid profile against experimental induced obesity of male rats.  

Parameters Control HFD HFD + ORL HFD + Met HFD + ORL + Met 

ALT (U/g) 12.85 ± 2.02e 105.69 ± 3.65a 71.69 ± 4.25b 57.25 ± 5.69c 30.25 ± 5.25d 

AST (U/g) 14.49 ± 1.39e 135.25 ± 2.98a 55.58 ± 3.69b 35.69 ± 4.25c 22.39 ± 3.78d 

LDH (U/g) 240.68 ± 8.58e 1456.87 ± 20.65a 492.58 ± 14.65b 423.68 ± 15.36c 320.87 ± 12.69d 

Total cholesterol (TC) (mg/dL) 101.58 ± 5.69e 278.68 ± 7.25a 156.25 ± 6.52b 133.25 ± 5.25c 121.02 ± 5.69d 

Triglycerides (TG) (mg/dL) 42.25 ± 2.02d 94.25 ± 4.25a 61.25 ± 3.12b 50.05 ± 2.68c 45.25 ± 4.08d 

HDL-c (mg/dL) 49.52 ± 5.25a 33.05 ± 3.55e 44.25 ± 5.25d 45.98 ± 4.25cd 47.05 ± 3.26b 

LDL-c (mg/dL) 33.58 ± 2.98e 41.25 ± 3.65a 36.84 ± 2.65b 35.78 ± 3.41cd 34.58 ± 3.65d 

vLDL-c (mg/dL) 8.45 ± 1.58e 18.85 ± 2.02a 12.84 ± 2.78b 10.05 ± 1.08cd 9.05 ± 1.69d 

Means within the same row in each category (mean ± SE) carrying different letters are significant at P ≤ 0.05, where the highest mean value has the 
symbol (a) and decreasing in value were assigned alphabetically. 
ORL: Orlistat; Met:Metformin; HFD: High fat diet; ALT: ALanaine aminotransferase; AST: Aspartame aminotransferase; TC: Total cholesterol; TG: 
Triglycerides; HDL-c: High density lipoprotein; LDL-c: Low density lipoprotein; vLDL-c: very low density lipoprotein. 
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We assumed that CAT in hepatic tissue homogenates in HFD group versus HFD + ORL + Met group are 2.29 ± 0.76 versus 4.82 ±
0.75 (U/g). At power 80% and confidence level 95%, sample size is 40. This sample was calculated by OPEN EPI software package 
[39]. 

3. Results 

3.1. Hepatic functions and lipid profile 

Results showed an increase in liver enzymes (AST and ALT) in the HFD male rat group, whereas a combination of ORL and Met 
afforded potent amelioration in the liver enzymes and restored their levels to almost normal values. These findings confirmed that ORL 
in combination with Met afforded potent hepatoprotective effects against experimental obesity (Table 1). 

There was an increase in cholesterol (TC) and triglycerides (TG) levels in the obesity experimental model with a decrease in HDL-C 
level and rising of both LDL-c and vLDL-c levels. A combination of ORL and Met mitigated the deleterious effect of both cholesterol and 
triglycerides and restored the normal values of HDL-c and decreased the levels of LDL-c and vLDL-c. 

3.2. Inflammatory marker and tumour necrosis factor 

Both TNF-α and CRP were significantly higher in the HFD group than in the normal control group (Table 2). However, other HFD 
treated groups with either ORL or Met or their combination exhibited a significant decrease in both inflammatory and tumour markers 
after experimental induction of obesity. 

3.3. Oxidative stress biomarkers 

Significant biochemical changes were observed in hepatic antioxidant enzymes in experimentally-induced obesity. The results 
revealed an increase in malondialdehyde in obese animals, indicating an elevation of lipid peroxidation levels (Table 3). 

SOD, CAT and GPx activities in liver tissue homogenates were significantly higher in experimentally-induced obesity than in the 
normal control group. Administration of both ORl and Met improved the antioxidant enzyme activities in obese animals (Table 3). 
Markedly lower thiol levels (TH) in the liver tissue homogenates in the obese group than in the normal control group were observed. 
The obesity group treated with a combination of ORL and Met exhibited a significantly higher PC levels than the normal control group 
(Table 4). 

3.4. Histopathology examination of liver tissues 

The histological sections of the Control group, showing the appearance of normal hepatic structure with normal sized central vein 
(Fig. 2A). HFD group of experimental rat liver after experimental induced obesity showing severe toxicity in the form of hypertrophy of 
hepatocytes with appearance of increased eosinophilia and loss of normal structure with hemorrhage and necrotic tissue (Fig. 2B). HFD 
plus ORL showing restoration of normal hepatic structure with normal polygonal hepatocytes with moderate congested central vein 
(Fig. 2C). HFD plus Met showing restoration of normal hepatic structure with moderate congested dilated central vein (Fig. 2D). HFD 
plus ORL plus Met showing highly restoration of normal hepatic structure with normal hepatocytes with normal staining (Fig. 2E). 

The immunohistological sections of the hepatic tissues of the control group showing appearance of (-ve) caspase-3 staining 
(Fig. 3A), meanwhile, HFD group showing marked immunostaining of caspase-3 (Severe apoptosis) (Fig. 3B). For HFD plus ORL 
treated group showing very mild staining of caspase-3 (Fig. 3C). Regarding HFD plus Met of the hepatic tissues showing moderate 
caspase-3 immunostaining (Fig. 3D). Considering HFD plus ORL plus Met of the hepatic tissues showed mild to weak caspase-3 im-
munostaining (Very weak immunostaining) (Fig. 3E). 

The histological scoring was evaluated based on the examination degree of microscopic features in the liver tissues as an effect of 
ORL and Met alone or in combination (Table 5). A significant inflammation was noticed in HFD induced group as compared with the 
normal control group. A marked improvement in the hepatocellular scores were observed in treated groups with ORL and/or Met, thus 
showing its amelioration effect. 

Table 2 
Effect of ORL or Met either alone or in combination on tumor necrosis factor and inflammatory marker against experimental induced obesity of male 
rats.  

Parameters Control HFD HFD + ORL HFD + Met HFD + ORL + Met 

TNF-α (Pg/g) 11.88 ± 1.22e 69.58 ± 3.69a 32.68 ± 2.36b 27.58 ± 3.69c 18.69 ± 1.87d 

CRP (mg/L) 3.54 ± 2.69e 36.58 ± 4.25a 19.87 ± 1.35b 15.48 ± 1.69c 11.25 ± 2.98d 

Means within the same row in each category (mean ± SE) carrying different letters are significant at P ≤ 0.05, where the highest mean value has the 
symbol (a) and decreasing in value were assigned alphabetically. 
ORL: Orlistat; Met: Metformin; HFD: High fat diet; TNF-α: Tumour necrosis factor alpha; CRP: C-Reactive protein. 
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3.5. Comet assay 

Comet assay of the hepatic tissues of normal control group showed almost intact nuclei with no appearance of tail (Fig. 4A). The 
HFD group showed broken DNA strands with a very small head like a comet (Green arrow) and clear shadow area (Blue arrow) 
(Fig. 4C). HFD + ORL showed intact nuclei with undamaged DNA with moderate appearance of comet shadow (Purple arrow) 
(Fig. 4B). HFD plus Met revealed improvement of DNA damage with appearance of almost intact cells (Orange arrow) with appearance 
of shorter tail (Fig. 4D). Meanwhile, treatment with of HFD with combination of ORL and Met improved the percentage of DNA damage 
and appearance of intact cells with double strands of DNA (Fig. 4E). Table 6 showed the great DNA percentage damage in HFD group as 
compared with control group with elongating tail moment, while these parameters were declined greatly in obesity group treated with 
both ORL and Met. 

4. Discussion 

Obesity is a major health problem facing humanity, especially for patients of chronic diseases like diabetes, hypertension and heart 
complications. This problem was clearly demonstrated during the COVID-19 pandemic due to severe health effects and complications 
related to obesity and COVID-19 symptoms. Obesity is one of the silent killer diseases and research need to focus on alternative 
therapies and novel therapeutic combinations effective against the symptoms and complications of obesity and ensuring public health. 

Met is an anti-diabetic and anti-obesity oral drug used daily. It was developed in the 1950s after discovering an ingredient in goat’s 
rue that could lower blood glucose with low toxicity. Meanwhile, ORL is a pancreatic and gastric lipase inhibitor whose first effect is to 
lower the absorption of lipids and calories. So, we aimed to assess the effectiveness of a combination of Met and ORL against obesity 
complications and in ameliorating of hepatic toxicity. Our findings indicated that the combination of these two drugs was effective and 
was more potent than each drug alone. 

Additionally, our results showed that the administration of high-fat diet induced obesity associated with elevation in body weight, 
accumulation of adipose tissues and lipid profile disturbances. Obesity also caused the most serious case of fatty liver with a high level 
of triglycerides. Treatment with ORL significantly lowered the increase in body weight, in agreement with the findings of Jain et al. 
[40], Broom et al. [41], and Swinburn et al. [42] who confirmed a significant weight reduction in ORL treated group. 

The lipid profile for the HFD group exhibited high cholesterol, triglycerides, LDL-c and vLDL-c, but these values were reduced 
significantly in the HFD group that was treated with either ORL or Met with the highest reduction being recorded in the group treated 
with a combination of the two drugs. The lipid reduction in latter g group may be due to the effect of ORL as reported previously by Jain 
et al. [40] who reported a significant reduction in cholesterol concentration and LDL concentration but, in contrast to our findings, 
they found no change in triglycerides. 

Our results further showed a great improvement of HFD group treated with ORL and as in Jain et al. [40], ORL did not induce any 
changes in serum ALT and AST, which shows that ORL is effective and safe. 

Obesity is associated with a high risk of cardiovascular diseases and atherosclerosis [43]. Obesity is associated with an increase in 
metabolic disturbances such as insulin resistance, hypertension, dyslipidemia and inflammation [44]. Consumption of high fat diets is 
one of the major risks of developing obesity. In line with the findings of this study [45], demonstrated that the administration of ORL to 
HFD rats for two months protected against obesity, reduced cardiac antioxidants levels and elevated the MDA levels in rats. These 

Table 3 
Effect of ORL or Met either alone or their combination on MDA, SOD, CAT and GPx levels against experimental induced obesity of male rats in liver 
tissues of male rats.  

Parameters Control HFD HFD + ORL HFD + Met HFD + ORL + Met 

MDA (μmol/g) 9.58 ± 1.87 49.58 ± 5.69 18.58 ± 2.02 15.58 ± 3.25 11.58 ± 1.69 
SOD (U/g) 5.98 ± 1.64 1.20 ± 0.69 3.69 ± 1.57 4.01 ± 1.23 4.56 ± 1.04 
CAT (U/g) 14.02 ± 2.98 6.58 ± 1.87 8.98 ± 1.25 11.58 ± 2.58 12.98 ± 2.98 
GPx (U/g) 8.08 ± 1.69 2.58 ± 0.98 5.25 ± 1.48 5.98 ± 1.65 6.98 ± 1.87 

Means within the same row in each category (mean ± SE) carrying different letters are significant at P ≤ 0.05, where the highest mean value has the 
symbol (a) and decreasing in value were assigned alphabetically. 
ORL: Orlistat; Met: Metformin; HFD: High fat diet; MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase. 

Table 4 
Effect of ORL or Met either alone or their combination on Thiol (SH) and protein carbonyl (PC) against experimental induced obesity of male rats in 
liver tissues of male rats.  

Parameters Control HFD HFD + ORL HFD + Met HFD + ORL + Met 

TH (mmol/g) 0.83 ± 0.31a 0.22 ± 0.08c 0.71 ± 0.23b 0.75 ± 0.33b 0.79 ± 0.17b 

PC (nmol/mg) 1.41 ± 0.44e 8.32 ± 1.84a 2.25 ± 1.28bc 2.05 ± 1.75c 1.69 ± 0.95de 

Means within the same row in each category (mean ± SE) carrying different letters are significant at P ≤ 0.05, where the highest mean value has the 
symbol (a) and decreasing in value were assigned alphabetically. 
ORL: Orlistat; Met: Metformin; HFD: High fat diet; TH: Thiol, PC: Protein carbonyl. 
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findings corroborate those of this study, specifically showing a good effect of ORL on antioxidant enzymes indexes (SOD, CAT and GPx) 
and reducing lipid peroxidation level and, thus, alleviation of oxidative stress. 

In this study, the rats were fed an HFD to mimic obesity. The HFD rats were treated with ORL generally exhibited elevated levels of 
cholesterol, triglycerides and an oxidised form of LDL-c [46]. Similarly, total cholesterol levels and triglycerides LDL-c and vLDL-c 
were markedly higher in the HFD group than in the control group. High levels of lipids, especially LDL-c, can damage cellular con-
tents [47]. ORL reduced the levels these lipids in the obese rats to lower levels than those in the experimental obesity group. These 
findings confirm that besides reducing body weight, ORL reduces the individual lipid levels owing to its inhibitory effect on lipase 
activity [48], which decreases absorbance of free fatty acids. The mechanism of action of ORL involves binding to the serine residue of 
the lipase enzyme, resulting in a decrease in its activity [49]. 

The decline in HDL levels in the HFD group may be due to atherogenesis induced by experimental obesity, which can also account 
for high dyslipidaemia and eventual development of atherosclerosis. Although we observed a significant elevation of HDL level in the 
HFD group treated with ORL, a higher elevation occurred in the HFD treated with both ORL and Met, confirm findings of previous 
studies [50,51]. These findings suggest a lower atherosclerosis risk in the group treated with a combination of ORL and Met. 

Obesity and high-fat diets are as associated with chronic oxidative stress characterised by elevated levels of reactive oxygen species 
and impairment of oxidant status. Free radicals (reactive species) initiate vascular damage by inducing changes in vascular inflam-
mation markers [52]. 

Gastric and pancreatic lipases are enzymes that play a key role in the digestion of fats. ORL, which is a semisynthetic lipstatin, ORL 

Fig. 2. (A) Control group: showing appearance of the normal hepatic structure with normal sized central vein (CV) (H&EX400). (B) HFD group of 
experimental rat liver after experimental induced obesity showing severe hypertrophy of hepatocytes with appearance of increased eosinophilia and 
loss of normal structure (***), granular cytoplasm and vesicular nuclei, the central vein is highly dilated with hemorrhage and appearance of 
necrotic tissues (Green arrow) with accumulation of few mononuclear inflammatory cells in the blood sinusoids (H&EX400). (C) HFD plus ORL 
showing restoration of normal hepatic structure with normal polygonal hepatocytes with moderate congested central vein (Green arrow) and loss of 
normal hepatic structure (H&EX400). (D) HFD plus Met showing restoration of normal hepatic structure with moderate congested dilated central 
vein (Red and Green arrow) and increment of eosinophilia (H&EX400). (E) HFD plus ORL plus Met showing highly restoration of normal hepatic 
structure with disappearance of inflammation or congested central vein with normal hepatocytes with normal staining (H&EX400). (For inter-
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

R.Z. Hamza and K. Alsolami                                                                                                                                                                                        



Heliyon 9 (2023) e18724

8

Fig. 3. (A) Control group: Cross-section of the hepatic tissues of the control group showing appearance of (-ve) caspase-3 staining (− ) (negative 
immunostaining) (320 μm). (B): HFD group showing marked immunostaining of caspase-3 (Severe apoptosis) and toxicity in hepatocytes (++++) 
(very strong mmunostaining) (320 μm). (C) HFD plus ORL showing very mild staining of caspase-3, (–+) (Mild immunostaining) (320 μm). (D) 
HFD plus Met of the hepatic tissues showing moderate caspase-3 immunostaining in the hepatocytes, (–++) (Moderate immunostaining) (320 μm). 
(E) HFD plus ORL plus Met of the hepatic tissues showed very mild to weak caspase-3 immunostaining (—+) (Very weak immunostaining) (320 
μm) (DAB chromogen, Meyer’s hematoxylin counterstain). 

Table 5 
Histological activity index (HAI) was assessed based on the degree of microscopic features in liver tissues against experimental obesity of male rats as 
the effect of ORL and Met either separately or in combination.  

Findings Groups 

Control HFD HFD + ORL HFD + Met HFD + ORL + Met 

Normal hepatic structure ++++ —+ –++ –++ -+++

Normal sized central vein ++++ ———— -+++ —+ -+++

Congested central vein ———— ++++ –++ —+ —+

Hypertrophy of hepatocytes ———— -+++ –++ —+ —+

Hemorrhage and necrotic tissue ———— -+++ —+ —+ ———— 
Increased eosinophilia, Toxicity and Inflammation ———— ++++ —+ —+ ———— 

———Absence; — + lesions found in 2–3 rats; –++ lesions found in 5–6 rats; -+++ lesions found in 7 rats, ++++ lesions found in 8 rats at least (n =
8). 
Means within the same column in each category (mean ± S.E) carrying different letters are significant at P ≤ 0.05, where the highest mean value has 
the symbol (a) and decreasing in value were assigned alphabetically. 
ORL: Orlistat; Met: Metformin; HFD: High fat diet. 
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is a potent inhibitor of both gastric and pancreatic lipases, with almost no activity against other enzymes as trypsin and amylase. ORL 
exerts its effect within the gastrointestinal tract. When ORL administered within food containing fats, ORL partially inhibits the hy-
drolysis of the triglycerides, thus declining the absorption of free fatty acids and these concepts confirm the accuracy of our obtained 
results [53]. 

Obesity is greatly linked with chronic oxidative injuries and inflammation, which leads to progression of atherosclerosis. ORL has a 
favourable effects on weight loss. ORL has the ability to inhibit nuclear factor kappa-B that mediated inflammation and improve the 

Fig. 4. Comet images of cells derived from liver of rat of group (A) control group showed clear significant intact nuclei. (B) HFD group showed 
marked damage with appearance of more than one apoptotic pyknotic cells with large tail. (C) HFD plus ORL showing some intact nuclei with 
undamaged DNA loop and appearance of other intact nuclei. (D) HFD plus Met showing amelioration of the DNA with very low percentage of 
damaged DNA and tail. (E) HFD plus ORL and Met showing almost intact cells with very unclear tail shadow and restoring of normal intact 
DNA strands. 

Table 6 
The effect on oxidative DNA damage level (tail length, DNA% and tail moment) and apoptotic cell population (apoptosis %) in liver tissues against 
experimental induced obesity of male rats treated with ORL and/or Met and their combinations.  

Group Tail Length (px) % DNA in Tail Tail Moment (Unit) Apoptosis % 

Control group 1.01 ± 0.07 1.27 ± 0.46 0.25 ± 0.06 7.33 ± 1.51 
HFD 17.42 ± 2.47 45.67 ± 6.54 8.63 ± 1.67 86.77 ± 6.42 
HFD + ORL 8.85 ± 0.75 22.85 ± 2.52 0.75 ± 0.17 40.11 ± 2.79 
HFD + Met 7.58 ± 1.78 17.89 ± 1.65 0.51 ± 0.07 31.58 ± 3.54 
HFD + ORL + Met 3.06 ± 1.08 10.42 ± 1.77 0.40 ± 0.14 11.41 ± 3.44 

Means within the same column in each category (mean ± S.E) carrying different letters are significant at P ≤ 0.05, where the highest mean value has 
the symbol (a) and decreasing in value were assigned alphabetically. 
ORL: Orlistat; Met: Metformin; HFD: High fat diet. 
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endothelial dysfunction [54]. Thus, ORL could be useful to improve the atherosclerosis in case of obesity. In addition to incidence of 
atherosclerosis due to disorder of the lipid metabolism [55]. 

Obesity is known to increase the concentrations of cholesterol precursors, which reflect the biosynthesis of endogenous cholesterol 
[56]. Additionally, weight reduction declines cholesterol precursors [57,58]. Our current data are consistent with these previous 
studies, showing that cholesterol concentration tended to decline greatly with treatment with combination of both ORL and Met. 

Regarding Met, which is a synthetic biguandie that is mainly absorbed in the small intestine with limited oral bioavailability [59] 
and this confirm the great improvement in combined treated group with both ORL and Met more than Met alone and this may be due to 
enhancing the bioavailability of absorption of Met after combination with ORL and increasing its effectiveness. 

Confirming the current study concept, Met inhibits the absorption of dietary glucose in rodents and patients with diabetes mellitus 
[60], this inhibition of glucose is enhanced by administration of Met which resulted from decrease of sodium glucose transporter 1 
(SGLIT1) at the membrane of the jejunum with increasing of glucagon –like peptide 1 (GLP1) suggesting some delay in intestinal 
glucose absorption and this may add explanation to the best results obtained in biochemical reactions with parameters (AST, ALT, 
Cholesterol, triglycerides, HDL-c and LDL-c) related to treatment with combination of both ORL and Met and elevation of intestinal 
absorption of both treatment with higher therapeutic efficacy. 

An elevation in MDA level is the final and vital indicator of oxidative stress due high lipid peroxidation [61]. In this study, the 
elevated MDA level accompanied with a decline in SOD, CAT and GPx activities, as well as decreased TH levels in the HFD group, 
suggests severe oxidative stress, which then accelerated metabolic disturbances and dysfunction. Our findings further showed that 
treatment of the HFD group with a combination of ORL and Met lowered all oxidative markers and improved hepatic functions, lipid 
profile, and histological structure. 

Several previous studies confirmed that Met can reduce the weight and enhance weight loss in obese animals with or without 
diabetes mellitus [62,63]. Met may exert its anti-obesity effect via modulating adipose tissue function [64,65]. In obese animals, Met 
reduces body weight and improves metabolic functions by inhibiting white adipocyte differentiation by retarding fibroblast growth 
factor 21 (FGF21), which is a vital metabolic hormone that enhances lipolysis and prevents fat accumulation [66]. Consequently, Met 
is thought to play a great role in preventing weight gain by elevating some molecular markers in a manner that may be dependent or 
independent of the clinical action of UCP1, a molecular marker that is capable of receding chemical energy into heat [67]. 

Generally, Met is recognised, not only as a hypoglycaemic agent, but also for its multi effects in combating several metabolic 
complications including myocardial complications, obesity, insulin resistance, fatty liver and liver dysfunction [68,69]. Several 
mechanisms by which Met alleviates many metabolic diseases have been proposed. One mechanism involves activation of AMPK, 
inhibition of the mitochondrial transport chain and alleviation of the glucagon-induced cAMP, eventually leading to the amelioration 
of glycemic control [70,71]. 

All the previous studies on Met confirm that it ameliorates metabolic syndromes and alleviates d insulin resistance and corrects 
lipid profile, consequently, reducing inflammatory markers such as CRP and tumour necrosis factor (TNF-α). The findings of this study 
corroborate the findings of these previous studies by showing the best biochemical, structural properties and least genotoxicity in the 
HFD group treated with a combination of both ORL and Met. These results indicate a great potential for synergistic activities of ORL 
and Met in alleviating obesity complications. 

5. Conclusion 

Obesity significantly elevated oxidative stress markers, induced hyperlipidemia, inflammation and hepatotoxicity, consequently, 
causing disruption of hepatic histological architecture, biochemical biomarkers and several metabolic disturbances. A combination of 
ORL and Met reduced MDA (the final marker of lipid peroxidation), elevated the levels of antioxidant enzymes, improved the lipid 
profile, reduced inflammatory and tumour markers, improved hepatic histological structures, reduced caspase-3 levels and concur-
rently restored normal DNA strands and reduced genotoxicity. This study confirmed the potent synergistic effects of ORL and Met in 
alleviating complications of obesity. 
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