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A comparative study was planned to explore the modulating impact of metformin, Lipitor or orlistat against
the metabolic syndrome components, including hyperglycemia and hyperlipidemia. Also, the effects of these
drugs on leptin and adiponectin as biomarkers of metabolic syndrome in a rat model were investigated for
the first time. The administration of these drugs each alone to metabolic syndrome induced rats markedly
ameliorated the increase in blood glucose, normalized the serum insulin and the high-density lipoprotein
cholesterol levels and reduced triglyceride, total cholesterol and low-density lipoprotein cholesterol. The
alterations in serum leptin and adiponectin levels in metabolic syndrome induced rats were significantly
modulated by these drugs. Metformin was the most effective drug in modulating most of the studied

parameters.
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Metabolic syndrome (MS) is a cluster of metabolic
abnormalities, including insulin resistance,
hyperlipidemia, hypertension and abdominal adiposity,
that directly raises the risk of the circulatory system
abnormalities and type 2 diabetes mellitus (T2DM),
causes mortality. This syndrome is associated with
other comorbidities, including a prothrombotic state,
proinflammatory state, reproductive disorders and
non-alcoholic fatty liver disease!'). The prevalence
of the MS is increasing to epidemic proportions. Its
prevalence varied from 8-43% in men and from 7-56%
in women worldwide®. Adipose tissue hormones have
essential influence in the prognosis of MS. Adipose
tissue secretes polypeptide hormones, including
adiponectin and leptin that contribute to the progress
of obesity-associated illness including hypertension,
atherosclerosis, T2DMBI,

Adiponectin regulates carbohydrate and fat metabolism
in insulin-sensitive tissues!. It increases fatty acid
oxidation and glucose uptake in the muscle and reduces
the synthesis of glucose in the liver. Its secretion is
prohibited by pro-inflammatory cytokines, suggesting
that inflammation might be an vital factor contributing
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to hypoadiponectinemia in insulin resistant and
obese states. The deficiency of adiponectin leads
to insulin resistances progression, obesity, T2DM
and atherosclerosis?®. Adiponectin exerts profound
anti-diabetic, antiatherogenic and antiinflammatory
rolest®. In clinical studies, plasma adiponectin levels
decrease as the obesity increase!”), dyslipidemia®,
diabetes™ and cardiovascular disease!'?. A low plasma
adiponectin level is observed in the MS!!!). Conversely,
leptin is essential for the genesis of the MS and the
cardiovascular disease!'?. Leptin is a multifunctional
hormone takes part in controlling of energy exchange
and body weight!"]. Tt is a key hormone in the regulation
of body fat stores. This peptide controls energy
metabolism at the level of hypothalamus by decreasing
food intake and stimulating energy consumption!'#!,
High level of circulated leptin was reported in obese
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people due to leptin resistance!'!. Leptin resistance
and hyperleptinemia take an important role in the
development of insulin resistance!'®. Hyperlipidemia
induces lipolysis by visceral fat, leads to accumulation
of free fatty acids that inhibit the release of insulin
from pancreatic p-cells!'.

Metformin (Glucophage) is, 3-(diaminomethylidene)-
1,1-dimethylguanidine  hydrochloride) an  oral
antidiabetic drug. It is the first line drug of choice for
the treatment of T2DM, in particular, in overweight
and obese people. Metformin works by suppressing
glucose production in the liver, increasing peripheral
glucose disposal, and reducing intestinal glucose
absorption!'”). It is the only antidiabetic drug that has
been conclusively shown to prevent the cardiovascular
complications during diabetes. It helps in reducing low-
density lipoprotein (LDL) cholesterol and triglyceride
levels and is not associated with weight gain!'®,

Atorvastatin (ATV), [(3R,5R)-7-[2-(4-Fluorophenyl)-
3-phenyl-4-(phenylcarbamoyl)-5-propan-2-ylpyrrol-1-
yl]-3,5-dihydroxyheptanoic acid], is a one of the drugs
that are classified as statins marketed as Lipitor. This
drug decreases the cholesterol level in the blood. It also
stabilizes plaque and prevents strokes through its anti-
inflammatory effect and other mechanisms!". ATV
works by inhibiting 3-hydroxy-3-methyl-glutaryl-
coenzyme a reductase (HMG-CoA), which is hepatic
enzyme important for cholesterol production in the
body. Statins are crucial drugs used to treat dyslipidemia
and avoidance of circulatory systems disorders!'l.

Orlistat ~ (Xenical), [(S)-((S)-1-((28,35)-3-hexyl-
4-oxooxetan-2-yl)tridecan-2-yl)-2-formamido-4-
methylpentanoate or tetrahydrolipstatin], is borrowed
from lipstatin, a natural product of Streptomyces
toxytricini. orlistat is a reversible inhibitor of gastric
and pancreatic lipases®. It prohibits fat absorption
from the human diet, by reduction of the intake of the
calories. orlistat induces the reduction of the blood
pressure and can prohibit the beginning of T2DM. It
has been reported to reduce the incidence of diabetes
by nearly 40% in obese people?!l.

Atherosclerosis is the lethal in hyperlipidemia
people. This must be treated orally by drug that
modulates the level of the glucose and rules out
atherosclerosis progression. Unlikely, the choice of
an effective medication is very limited®. From the
above documented literature, adiponectin and leptin
appear to have a bio-vital rule in MS progression.
The currently available drugs have been developed
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for the treatment of one or more than one components
of MS (e.g. antihyperglycemia, antihyperlipidemia)
but the modulating effect of studied medications on
adeponectin and leptin as biomarkers of MS is not
explored.

The present study was planned to investigate the effect
of metformin, Lipitor or orlistat on items of the MS
such as hyperglycemia, hyperlipidemia and serum
insulin in association with leptin and adiponectin
levels in an experimental MS model. To the best of
our knowledge, the effects of these drugs on leptin and
adiponectin in MS induced in rats were investigated for
the first time in the current study.

MATERIALS AND METHODS

A commercial formulation of fructose powder (Vivis,
fructose sucrant poudre, France) was used. Metformin,
Lipitor and orlistat were purchased from a local
pharmacy. Kits for determination of serum triglycerides
(TG), total cholesterol (TC), low-density lipoprotein
(LDL-C), and high-density lipoprotein (HDL-C) were
supplied by Randox Laboratories Ltd., UK. Insulin
kit was obtained from American Laboratory Products
Company, Windham. Leptin and adiponectin enzyme
linked immunosorbent assay (ELISA) kits were
obtained from Ani Biotech Oy, Orgenium Laboratories
Division, and Vantaa, Finland. All chemicals used in
the study were of high analytical grade supplied by
Sigma and Merck companies.

Experimental animals:

Fifty male albino rats were obtained and treated in
accordance with the Guiding Principles for the Care and
Use of Laboratory Animals approved by Committee of
King Saud University, College of Pharmacy (Riyadh,
Saudi Arabia). The rats were housed in standard
temperature and humidity with a 12:12-h light-dark
cycle. The animals were given standard chow ad
libitum for the duration of the study and allowed one
week to adapt to the laboratory environment before
drugs administration.

Animals were divided into five groups of 10 rats each
and each animal was weighed at the beginning of the
experiment. Control group: G, rats were fed a modified
diet containing 65% corn starch (Cat no. d11708b,
Research diet, USA), and allowed to drink tap water ad
libitum. G, (MS induced group): rats were fed the same
diet plus free access to 10% fructose (w/v) in drinking
water for 8 w to induce MS™!. G, (MS and metformin,
200 mg/kg/d)*, G, (MS and Lipitor, 75 mg/kg/d)*
and G, (MS and orlistat, 200 mg/kg/d)!"].
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All the drugs used were in tablet form, which were
ground and suspended separately in 2% gum acacia
and administered orally for 8 w simultaneously with
fructose ingestion. The body weight and food intake/
kg were measured once a week. The food intake was
calculated per cage, using the following formula, food
intake=daily food intake (g)/>_ body weight of the rats
in each cage (g). The calculated daily food intake was
approximately equivalent to 10 g/100 g.

Biochemical assays:

At the end of the experiment, rats were fasted overnight
(12-14 h) and then weighed and anesthetized to collect
the blood samples by heart puncture in dark tubes.
The blood samples were then centrifuged at 3000
g for 10 min at 4° for serum separation and stored
at -80° until analyzed. Livers were weighed; serum
glucose, total cholesterol, HDL-C, and TG levels were
estimated colorimetrically. LDL-C was calculated
using the Friedwald equation. Serum insulin, leptin,
and adiponectin were measured using enzyme linked
immunosorbent assay (ELISA). The reading was
recorded using ELISA microplate reader (VERSA
Max, Molecular Devices Corporation, MN, and USA).

Statistical analysis:

All values are expressed as mean+SE. Data were
statistically analyzed using one way analysis of variance
(ANOVA) for multiple group comparison, followed
by Student’s unpaired t-test for group comparison.
Significance was set at P<0.05. Data were computed
for statistical analysis by using SPSS software.

RESULTS AND DISCUSSION

The present results revealed that the body weight (BW)
of rats that ingested high fructose was significantly
higher than that of the untereated group. Treatment of
rats with metformin, Lipitor or orlistat, significantly

reduced the elevated body weight compared to the
MS group. Nevertheless, there was a non-significant
change in the weight of the liver between all groups
was observed (Table 1).

Administration of metformin, Lipitor and/or orlistat
effect on serum level of glucose and insulin in rats
which ingested high fructose are presented in Table
2. Both glucose and insulin levels are increased
significantly by high fructose comparing with normal
rats. Treatment of rats with metformin, Lipitor, and
orlistat, significantly reduced the elevated glucose
level. The level of the insulin was significantly reduced
in the metformin and orlistat treated groups compared
with high fructose group.

Fig. 1 showed that ingestion of high fructose to rats
caused a marked increase in serum triglycerides, total
cholesterol, and LDL-C with a concomitant decrease
in HDL-C compared with control normal rats. The
alteration in lipid profile was significantly modulated
by treating with metformin, Lipitor or orlistat.

The effect of the used drugs on serum leptin and
adiponectin in rats ingested with high fructose is
shown in fig. 2. From the fig. 2, it was observed that
ingestion of high fructose to rats, markedly increased
the level of serum leptin and decreased adiponectin vs.
control animals. There was a significant increase in
serum leptin level and a decrease in serum adiponectin
levels. Administration of either metformin or orlistat
significantly modulated the increase in leptin level and
returned it nearly to a normal level. However, a non-
significant change in leptin in rats treated with Lipitor
compared with high fructose group. The three drugs
effectively modulated the decrease in adiponectin level
compared with high fructose group.

The worldwide pattern of disorder is shifting from
infectious diseases to non-communicable diseases,

TABLE 1: EFFECT OF METFORMIN, LIPITOR AND OR ORLISTAT ON BODY AND LIVER WEIGHT IN CONTROL AND

ALL TREATED GROUPS

Parameters Control MS MS+metformin MS+Lipitor MS+Orlistat
Body Weight BW (g) 218.9+6.04 300.4£7.5% 238.3+8.5" 258.2£6.3" 253.2+8.3"
Liver Weight (g)/100 g BW 3.3£0.7 3.9+0.75 3.46+0.6 3.6£0.5 3.55+0.8

Data are presented as mean+SD of 10 rats. Body weight was expressed in grams and liver weight was expressed as weight in grams per 100
g of body weight. P<0.05 compared with control group, ®P<0.05, compared with MS group.

TABLE 2: SERUM GLUCOSE AND INSULIN LEVELS AFTER ADMINISTRATION OF METFORMIN, LIPITOR AND

ORLISTAT IN FRUCTOSE FED RATS FOR 4-WEEK

Parameters Control MS MS+metformin MS+Lipitor MS+Orlistat
Glucose (mg/dl) 80+9.6 145.4+2.92 74.4+1.9 81.6+4.7 86.67+7.5
Insulin (1U/1) 67.5+0.8 74.8+1.42 68.01+0.95" 74.13+852 74.13+85*

Values are expressed as mean+SD. 2P<0.05 compared with control, *P<0.05, compared with MS group.
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Fig. 1: Effect of metformin, Lipitor and orlistat on serum lipid profile of metabolic syndrome (MS) rats.
Values are expressed as mean+SD. *P<0.05, compared with control P<0.05 compared with MS group. 3 Control; ® MS; g
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Fig. 2: Effect of metformin, Lipitor and orlistat on serum leptin and adiponectin of metabolic syndrome (MS) rats.

Values are expressed as mean+SD. “P<0.01 compared with control, P<0.01 compared with MS group. ) control; ® MS; §

metformin; :: Lipitor; =orlistat.

especially with heart diseases which are now being
the chief causes of death globally. MS or “syndrome
X” is a collection of pathologies comprising insulin
resistance, hyperinsulinemia, hypertriglyceridemia,
accelerated atherosclerosis, and hypertension!!). High
dietary fructose has been correlated to the enhanced
oxidative damage in rats and development of insulin
resistance; B-cell dysfunction and defective glucose
tolerancel?®!.

This is in harmony with the results of the present
research, insulin, glucose, TG, total cholesterol and
LDL-C serum levels likewise the body weight and

704 Indian Journal of Pharmaceutical Sciences

the liver weight were significantly elevated, whereas
likewise the body weight and the liver weight were
significantly elevated. Administration of metformin,
Lipitor and or orlistat downregulated the elevated
glucose level compared with high fructose group.
The inflated levels of (total cholesterol, LDL-C, and
TG) were significantly suppressed by treating with
metformin and Lipitor, respectively. However, orlistat
administration induced no difference in serum TG. The
level of HDL-C was significantly increased especially
after administration of metformin comparing with high
fructose group.
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The previous results were observed by some authors
who clarified that metformin suppressed hyperglycemia
by decreasing hepatic gluconeogenesis®”. It also
activates the enzyme AMP and activated protein
kinase (AMPK), which plays a critical role in insulin
signaling, energy balance in the body, and regulates
the metabolism of glucose and fats??!l. It enhances
insulin sensitivity, increases phosphorylating GLUT-
4 enhancer factor, so enhances peripheral glucose
uptake which may be due to improved insulin binding
to insulin receptors?®l. Also, the previous results are
in accordance with those of Colhoun et al.* Who
clarified that atorvastatin was a selective, competitive
inhibitor of HMG-CoA reductase used in patients
with diabetes and hypercholesterolemia and has been
found to be safe and effective. In an animal model
of T2DM, atorvastatin exerts significant lipid and
glucose lowering effects and decreased plasma insulin
levels and insulin resistance index. Although the
primary goal of atorvastatin is to improve blood lipid
and lipoprotein characteristics, beneficial effects on
energy metabolism and cardiovascular function such
as improved endothelial function, reduced oxidative
stress, decreased platelet adhesion and increased
atherosclerotic plaque stability may help to explain
at least part of the cardioprotective benefits of these
agentsi®®. The results of the present work were also
supported by Harp®! who reported that the use of
the pancreatic lipase inhibitor orlistat helps to lose
weight due to decrease the absorption of dietary lipids.
Treating of obese rats with orlistat reduce lipid profile
including cholesterol, triglyceride and LDL.

Indeed, circadian oscillation of many hormones
involved in metabolisms, such as corticosterone,
insulin, glucagon, adiponectin, leptin and ghrelin,
becomes disrupted in the progression of MS and
obesity?®?. Two major adipocytokines, leptin and
adiponectin may perform vital rules in the managing of
cardiovascular and metabolic homeostasis. Leptin acts
directly on the hypothalamus, thereby regulating food
intake and energy consumption!®)l. Obesity decreases
the adiponectin expression; hence it is expressed in
the adipose tissue. Adiponectin influences insulin
sensitivity, metabolism, inflammation and vascular
function®*.

Adiponectin decreases hepatic and muscular triglyceride
content by reducing insulin resistance in obese mice,
which leads to the enhancement of the hepatic insulin
sensitivity and elevates peripheral glucose utilization
in the liver and skeletal muscle®. Adiponectin also
has beneficial effects on endothelial dysfunction
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by stimulating the production of nitric oxide.
High circulating adiponectin levels are known to
have many protective effects including antidiabetic,
antiatherosclerotic and anticancer properties. Emerging
evidence also stimulates nitric oxide production which
improves endothelial injury. Its high levels protect
against diabetic, atherosclerotic and cancer. Recent
studies documented its capability to improve the
lipid profile in blood by lipid-lowering therapies,
and the modulation of adipose tissue adipokines
synthesis and secretion. Ismail et al.® reported that
metformin improved insulin resistance in T2DM rats
by normalizing serum lipid profiles in diabetic rats.
Metformin upregulated adiponectin expression while
leptin expression was decreased. Administration of
ATV (2.5 mg/kg/d) for 6 w in hypercholesterolemic
rabbits reduced serum leptin concentrations by
37.7%. Moreover, its administration for 8 w in human
suffering of obesity and T2DM reduced plasma
leptin concentrations by 40%. It was reported ATV,
pitavastatin and pravastatin elevated the serum
adiponectin concentrations, and elevated plasma
adiponectin levels in hypercholesterolemic human®7.

Ozkan et al.*¥ reported that body mass index and the
total blood cholesterol, LDL and triglyceride levels
fell significantly after orlistat in the obese orlistat-
treated subjects. Also, leptin level was decreased
in obese subjects treated with orlistat. The present
work is parallel to those of the previous publications
reported that high fructose diet induced an increase
in serum leptin and a decrease in adiponectin levels
in rats. Administration of either metformin or orlistat
markedly modulated the increase in serum leptin level
and returned it nearly to a normal level. However, no
significant change of leptin level was observed upon
Lipitor treatment compared with high fructose ingested
group. The significant rise in adiponectin level was
observed in animals treated with Lipitor, orlistat and
metformin comparing with high fructose group.

In conclusion, the high fructose diet is a good design
for detection of leptin and adiponectin in different
animal models. Also, it can be concluded that the three
drugs, metformin, Lipitor and/or orlistat, were effective
in attenuating hyperglycemia and hyperlipidemia
(MS) as well as in modulating the alteration in serum
leptin and adiponectin levels induced in rats under
the effect of high fructose ingestion. Metformin was
the most effective drug in modulating the deviation
in the in the studied biomarkers. It can be used either
alone or in combination with Lipitor and or orlistat
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for best modulation effect. Based on this evidence
it is recommended to use these drugs, particularly
metformin in the protection and the treatment of
metabolic syndrome.
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