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In the present study, we examined the synergetic effect of forskolin and mevastatin administration on lipid profile and lipid
metabolism in omental adipose tissue in dyslipidemic rats. The study was conducted on forty male albino rats. The rats were
randomly classified into four main groups of ten animals in each group as follows: group A, served as control nontreated; group
B, rats that received Triton WR 1339 (500mg/kg); group C, rats that received Triton WR 1339 with forskolin (100% FSK extract
0.5mg/kg/day) for four weeks; and group D, dyslipidemic rats received both mevastatin and forskolin. At the end of the
experimental period, blood and omental adipose tissue samples were collected, preserved, and used for biochemical
determination of lipid profile and mRNA expression profile of adenylate cyclase (AC), hormone-sensitive lipase, respectively
(HSL), and adenosine monophosphate-activated protein kinase (AMPK). The results showed a significant decline in the serum
concentration of total cholesterol, LDL-cholesterol, and triglycerides, although there was a significant increase in serum levels of
HDL-cholesterol and glycerol in rats received forskolin alone or with mevastatin when compared with control and dyslipidemic
groups. The mRNA expression levels of AC, HSL, and AMPK were significantly increased in omental adipose tissue of rats
received forskolin when compared with other groups. In conclusion, forskolin acts synergistically with mevastatin to lower lipid
profile and improve lipid metabolism in dyslipidemic rats through upregulation of AMPK expression.

1. Introduction

Dyslipidemia is a potent risk factor for the incidence of
coronary heart diseases. People, those who keep their lipid
profile normal, are usually away from bad consequences of
dyslipidemia [1]. On behave of lifestyle interventions, statins
are routinely used to lower the risk of dyslipidemia conse-
quences with aspirin; the concept to treatment of dyslipid-
emia has been widely debated and of heterogeneous aspects
[2]. Commonly, it has been known that dyslipidemia is asso-
ciated with overproduction of many atherogenic lipoproteins
as well as it lead to decrease the high density lipoproteins

(HDL) and increases low density lipoproteins (LDL) [3].
Many compounds have been approved to be used in treat-
ment or control dyslipidemia; natural agents are widely used
for this prospect [4–7]. The target for these agents mainly is
to reduce LDL and increase HDL. While statins are used in
the same purpose, but their efficiency to reduce LDL is 50-
60% [8]. So, seeking for synergetic compounds help statins
and maximize their actions on lipid profile, and metabolism
is a mandatory object. Here, we can introduce forskolin
(FSK) as helper for statins. Forskolin, the new/old compound
that extracted from plant Coleus forskohlii, is used widely to
stimulate adenylate cyclase (AC) that lead to elevate
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intracellular cAMP levels [9, 10]. So it has been used for
controlling many disorders like glaucoma [11], nerve impair-
ments [12], and improve nerve cells [13], and blood pressure
[14]. As well as it has been used in many studies for control-
ling of hyperlipidemias [15, 16]. On the other way, adenosine
monophosphate-activated protein kinase (AMPK) is acti-
vated when there is a decline in ATP levels inside the mam-
mal cells. It has been recorded that AMPK has a pivotal
role in both control and the development of obesity as well
as played a great role in lipid metabolism [17]. Mevastatin
was isolated from the blue-green mold Penicillium citrinum;
it had significant structural similarity to HMG-CoA and
was a competitive inhibitor of HMG-CoA reductase, with
an association constant 10,000-fold higher than HMG-CoA
[18]. The study is aimed at examining the synergic action
of both mevastatin and forskolin 9 in dyslipidemic rats
through their effect on the regulation of genes controlling
lipid metabolism and lipid profile.

2. Material and Methods

2.1. Animals

2.1.1. Animal Selection and Management. Forty males of
albino rats with weight 200-250 gm were used in the present
study (animals were obtained from the animal house Faculty
of Veterinary Medicine, Zagazig University). All animals
were housed in stainless cages at 22°C with a 12/12 h
light/dark cycle and 50% humidity. All rats were provided
a standard rat diet and water ad libitum one week before
the beginning of the experiment. The Institutional Animal
Care and Use Committee at Zagazig University (ZU-
IACUC/3/F/29/2018) approved the present study.

2.1.2. Animal Grouping. The animals were divided randomly
into four groups of 10 animals in each group as follows: group
A, rats were received normal diet (standard diet for rats), and
they were not expose to any type of treatment and were
served as a control group; group B, rats that received a single
dose of Triton WR 1339 (500mg/kg), and this group was
served as a dyslipidemic group; group C, rats that received a
single dose of TritonWR 1339 (500mg/kg) with FSK for suc-
cessive 4 weeks (this group received FSK after confirmation
of dyslipidemia); and group D, rats that received a single dose
of Triton WR 1339 (500mg/kg) then received forskolin with
mevastatin for 4 weeks and were used to study the synergetic
effect of both forskolin and mevastatin on dyslipidemic rats.

2.1.3. Body Weight. The mean body weight has been deter-
mined at the end of experimental periods and expressed
by grams.

2.1.4. Induction of Dyslipidemia. Dyslipidemia is induced
by a single dose (500mg/kg, i.p) of nonionic detergent
Triton WR 1339. Triton WR 1339 is a nonionic detergent
isooctylpolyoxyethylene phenol, with common formula
(C14H22O.C2H4O.CH2O) [19]. The dyslipidemia is con-
firmed through the given results in Table 1.

2.1.5. Forskolin Administration.Animals received FSK (100%
FSK extract 0.5mg/kg/day) by gastric tube. The total period
for FSK administration was 4 weeks.

2.1.6. Mevastatin Administration.

2.2. Material

2.2.1. Forskolin Extract. Coleus forkohlii root extract (100mg)
with forskolin (10mg) was obtained from iHerb Company
(http://www.iherb.com/) with product code APF-00025 and
UPC code 896996000250 (Pasadena, California, United States).

2.2.2. Triton WR 1339. Triton WR 1339 with CAS no. 25301-
02-4 and molecular formula and weight C17H28O3 and
280.40200, respectively, was purchased from Sigma-Aldrich
(Sigma-Aldrich Chemie GmbH, Export Department,
Eschenstrasse5, 82024 Taufkirchen, Germany).

2.2.3. Mevastatin.Mevastatin powder with CAS no. 73573-
88-3, molecular formula C23H34O5, and weight 390.51
was purchased from Sigma-Aldrich (Sigma-Aldrich Che-
mie GmbH, Export Department, Eschenstrasse5, 82024
Taufkirchen, Germany).

2.3. Sampling

2.3.1. Blood Samples. The blood was collected 24 hours at the
end of each experimental period (4 weeks). Animals were
sacrificed; then, the blood was collected and centrifuged at
5000 rpm for separation of serum. Sera were stored at -20°C
until the biochemical examinations were conducted.

2.3.2. Tissue Samples. Omental adipose tissue was obtained
from the rat’s abdomen then was washed in saline and stored
at -80°C until it is used in the gene expression and molecular
biological analysis.

2.4. Biochemical Determinations. Serum total lipids, total cho-
lesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, and
concentrations were determined according to Cheng et al.
[20], Freedman et al. [21], and Ghorbani and Abedinzade
[22], respectively. Lipolysis markers, glycerol [23], and free
fatty acids were determined in the serum of all experimental
animals according to Mannion et al. [24].

2.5. Molecular Biological Determinations. The mRNA expres-
sion levels of AMPK, adenylate cyclase (AC), hormone-
sensitive lipase (HSL) genes, and B-actin were determined
in omental adipose tissue using RT-PCR. Total RNA was
extracted from omental adipose tissues of all experimental
rats at the end of the experimental period using RNeasy Mini
Kit for RNA extraction from Qiagen Biotech. The isolated
RNA was quantitated by measuring its concentration at

Table 1

Parameter Control Triton WR 1339

Total cholesterol (mg/dL) 109:61 ± 11:5 252:08 ± 11:2
TG (mg/dL) 91:42 ± 10:8 1449:82 ± 101:8
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absorbance 260nm, and its purity was checked by the ratio
between the absorbance values at 260 and 280nm ratios of 1.8
or more indicate a pure sample. The samples that have purity
less than 1.8 were reextracted again; then, all RNA samples were
stored at -80°C. Then, the first strand of DNA was synthesized
using Qiagen RT-PCR kits. Primers for AMPK, AC, HSL, and
actin are synthesized using (primer 3) online software (http://
bioinfo.ut.ee/cgi-bin/primer3-0.4.0/primer3) like the following:
AMPKα1 (ID: 65248); forward, 5′-ATCCGCAGAGAGATCC
AGAA-3′ and reverse 5′-CGTCGACTCTCCTTTTCGTC-3′
[25]; AC (NM_007405), sense 5′-ACATTCTTCCCAAGGA
CGTG-3′ and antisense 5′-GGTCATGSGTGCTGGCATTT-
3′; HSL (NM_012859), sense 5′-AGACACCAGCCAACGG
ATAC-3′ and antisense 5′-TGTGSTGTTCCCCGAAGGAC-
3; and B-actin (V01218), sense 5′-CACGGCATTATCACCA
ACTG-3′ and antisense 5′-GGCAGAGGATTCAAAA
GCTG-3′. Real-time PCR reaction program included was
installed for all components except polymerase were heated
5min at 95°C and cooled to 72°C for the activation of the poly-
merase. Reactions were cycled 35 times for one minute at 95°C,
one minute at 60°C, and three minutes at 72°C followed by a
final 10 minutes at 72°C. Then, the number of cycles of thresh-
old (Ct) was detected.

3. Statistical Analysis

The data were statistically analyzed by SPSS version 20 statis-
tical packages (IBM, New York, NY, USA). Data were
presented as a mean ± SE, n = 10. Statistical differences
between the groups were determined using a one-way analy-
sis of variance (ANOVA). Duncan’s test was used for testing
the intergrouping homogeneity. Statistical significance was
set at p < 0:05.

4. Results

4.1. Mean Body Weight. The body weight is significantly
declined in the groups received forskolin or forskolin with
mevastatin when compared with control or dyslipidemic rats.
The BWT tended to be increased in dyslipidemic rats (Table 2).

4.1.1. Biochemical Investigations. The possible effect of FSK
or FSK with mevastatin administration on the lipid profile
is shown in Table 3. There was a significant decline in the
serum levels of total lipids, total cholesterol, LDL-cholesterol,
and triglycerides if compared with dyslipidemic rats. The syn-
ergetic action of forskolin andmevastatin was clear and induce
more normalization of lipid profile parameters (Table 3). The
serum levels of both glycerol and free fatty acids were increased
in the dyslipidemic rats when compared to the control group,
while they were still high in the FSK and FSK+mevastatin
groups indicating a high degree of lipolysis (Table 4).

4.1.2. Molecular Biological Investigations. The mRNA expres-
sion of adenosine monophosphate kinase (AMPK), adenylate
cyclase (AC), hormone-sensitive lipase (HSL), and B-actin is
shown in Figure 1; there was a significant increase in the

expression of AC andHSL in obese rats treated with forskolin
if compared with their control groups.

5. Discussion

In the present study, the ability of forskolin (FSK) to neutral-
ize dyslipidemia and increase the lipolysis in omental adipose
tissue of dyslipidemic rats was studied. The dyslipidemic rat
model was generated using Triton WR 1339. The agent was
widely used to study the lipid metabolism status in experi-
mental animals and did not involve inducing great dramatic
changes in blood parameters and has minor side effects and is
the model of choice when study lipid profile [19]. Serum cho-
lesterol and triglycerides were elevated in the sera of experi-
mental rats after a single dose of Triton WR 1339 (Table 3).
Records proved that the normalization usually occurred after
10 days after the administration of treatment agents [19]. The
importance of such a study come to introduce a base of elu-
cidation for the ability of FSK to normalize lipid profile and
stimulate lipolysis, especially in omental adipose. Secondly,
it examined the influence of FSK on the molecular level of
genes controlling the lipolysis. Thirdly, as it is a natural agent,
FSK can be used with wide-scale and safe agents for control-
ling obesity/fat deposition. The study was designed to solve
the great bias about the ability of FSK to induce both lipolysis
and reduction of serum lipid contents. It does so through its
ability to induce visceral fat lipolysis and aid in lipids uptake
by cells. So, it seems to be ideal for obese persons. The study
based on the biochemical determinations of both serum lipid
profile, lipolysis parameters, and molecular investigations of
gene expressions of enzymes regulates lipolysis in adipose tis-
sues, AMPK, AC, and HSL. According to our data, FSK
seems to be able to decline the body weight of dyslipidemic
rats, the matter which intensify its role as a weight controller,
and the effect was more obvious when it synergistically used
with mevastatin. Biochemically, it appeared to decline serum
total lipid level in dyslipidemic rats alone, and its action
seemed to be powerful when it administered with mevastatin.
The serum total lipid level was decline 1.3- and 1.4-fold in
dyslipidemic rats received FSK or FSK with mevastatin
(Table 3). The question here is how FSK be able to normalize
serum total lipid profile in obese rats although it increases fat
lipolysis. According to our results, FSK was able to reduce all
malignant circulating lipids in the serum of experimental
rats. It declined total cholesterol (1.3- and 1.5-fold), LDL-
cholesterol (1.7- and 2.4-fold), and triglycerides (1.25- and
1.22-fold) while it was able to elevate glycerol and free fatty
acids (as indicators for adipose tissue lipolysis) (1.3- and
1.6-fold) and HDL-cholesterol (1.5- and 1.6-folds) in dyslip-
idemic rats received FSK (Table 3). Before answering the

Table 2: Effect of forskolin administration on body weight (gm).

Groups Body weight (gm)

Control 235:2 ± 9:5c

Triton WR 1339 320:09 ± 10:2d

FSK 201:02 ± 11:1b

FSK+mevastatin 199:45 ± 8:2a
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abovementioned question, we should observe that the rate by
which FSK stimulates lipolysis is nearly equal to the rate by
which it reduces serum lipid profile. It was well-known that
FSK can stimulate lipolysis through its action to stimulate
AC activity and so promote cAMP production [26]. Its ability
to do so has been approved even at low concentrations [27].
The ability of FSK to induce both lipolysis and reduction of
serum lipid profile is regarding many mechanisms; a long
time ago, it has been approved that FSK prevents the conver-
sion of circulating glucose to lipids [28], the matter which
will direct all glucose for glycolysis, and so, it will reduce fat
storage and do so also through stimulation of insulin secre-
tion [29]. But the most important explanation for the ability
of FSK to reduce serum lipid profile is its ability to induce the
uptake of lipids by the body cells helping in ideal fat distribu-
tion [30, 31]. In the same line, many authors proved that FSK
also reduces the contents of fats in the body cells [32, 33],
which explain its ability to direct the stored fat to biosyn-
thetic pathways. On the other hand, it was very clear from
our results that FSK was able to induce visceral adipose tissue
lipolysis; it is approved by the existence of the high level of
serum glycerol and free fatty acids in experimental rats
shown in Table 4. From its definition, lipolysis is a process
of breakdown of triglycerides in adipose tissues into free fatty
acids and glycerol [34]. According to this, we have used the
glycerol and free fatty acid levels in the serum of experimen-
tal rats as indicators of lipolysis process. The results reflect
what already happened in adipose tissue; there was a high
level of glycerol and FFAs with a reduction of triglyceride
levels in the blood of experimental rats that have been
received FSK alone or with mevastatin during the experimen-
tal period (Table 4). It has been approved that FSK stimulates
glycerol and free fatty acids release from animal adipocytes
[35], human adipose tissue [36], adipocytes cell lines [37,
38], and mice adipose tissue [39]. Recently, FSK has been
used as a new supplement for controlling obesity [40] while
it has been found that FSK can decrease total body lipids per-
centage; this comes with an improvement for lean body mass
[41]; this comes in the same line of our results. One of the

most important observations in our results was the ability
of FSK to reduce blood cholesterol levels; there was a decline
in the total LDL-cholesterol and total cholesterol with a sig-
nificant elevation in HDL-cholesterol concentrations in the
serum of obese rats received FSK. The explanation for the
ability of FSK to reduce serum cholesterol is due to its ability
to promote expression of many genes that stimulate choles-
terol uptake through activation of LDL receptor gene expres-
sion and activate the biosynthesis of HMG-CoA reductase
[42]. It has been found also that FSK has the ability to coop-
erate with some genes to shuttle cholesterol from outer to
inner mitochondrial membrane, the matter with magnifying
its role in cholesterol deposition and reducing its levels in
serum [30]. On the other hand, FSK has been used to pro-
mote the synthesis and production of progesterone; by the
way, it leads to increase the uptake of cholesterol by the cells
and reducing its levels in serum [31]. Also, FSK restores cho-
lesterol deposition in human macrophages [43]. A triangle of
three genes was studied to elucidate the normalization effect
of FSK on the lipid profile. AMPK-AC-HSL mRNA expres-
sion levels were studied in the omental adipose tissue. The
expressional level of all three genes was increased in FSK or
FSK+ groups when compared with the dyslipidemic rats’
group. Recent records have proved that AMPK is a key
enzyme that can modulate lipolysis, lipogenesis, and fatty
acid synthesis through phosphorylation of the key substrates
[17]. The relationship between AMPK and HSL has been
studied. Controversial data have been published regarding
this relationship. Many experiments suggested the powerful
role of protein kinase PKA to induce phosphorylation of
HSL the matter which activates it in adipose tissues; the pro-
cess itself is very important in its translocation to lipid drop-
lets for induction of its action [44, 45]. While other records
proved that AMPK induced HSL inhibition by phosphoryla-
tion [46]. Others demonstrated that AMPK can induce lipol-
ysis but through the stimulation of TG hydrolase [47]. In
general, AMPK was approved to induce lipolysis under basal
conditions never under the stimulated conditions, and even if
AMPK inhibited HSL, there was a high free fatty acid release
[48]. In our study, both AMPK and HSL expression levels
were increased in the FSK treated groups when compared
with dyslipidemic ones. Coming in the same line of the
records reported that both activity and lipolysis were not
inhibited by AMPK and the inhibition activity of AMPK is
associated with tissue-specific functions [49]. Another side
of our triangle is the relationship between AMPK and AC.
Several studies reported that the upregulation of cAMP can
affect the AMPK activity been known to be an effective
26,11. Studies also suggested that overexpression of AC can
potentiate AMPK activity, the matter which improving the

Table 3: Effect of forskolin administration on lipid profile in dyslipidemic rats (mg/dL).

Parameter Total cholesterol HDL-c LDL-c TG

Control 109:61 ± 11:5d 66:37 ± 11a 36:64 ± 11:1d 91:42 ± 10:8d

Triton WR 1339 252:08 ± 11:2a 39:34 ± 10:4d 154:40 ± 10:8a 1449:82 ± 101:8a

FSK 159:03 ± 11:1b 53:63 ± 10:5c 92:23 ± 10:6b 125:93 ± 13:7b

FSK+mevastatin 124:67 ± 11:2c 61:74 ± 10:6b 69:07 ± 11:2c 96:73 ± 12c

Table 4: Effect of forskolin on lipolysis parameters in dyslipidemic
rats.

Parameter Glycerol (μmol/L) Free FAs (nmol/μL)

Control 1:64 ± 0:13b 0:52 ± 0:05b

Triton WR 1339 3:75 ± 0:15a 4:22 ± 0:25a

FSK 3:42 ± 0:24a 4:15 ± 0:31a

FSK+mevastatin 1:87 ± 0:17b 4:24 ± 0:18a

Means with different letter superscripts are significant at p < 0:05.
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energy balance in the cell [50]. In our model, both FSK
induce overexpression of both AC and AMPK in adipose
tissue of dyslipidemic rats. FSK stimulated AC activity from
a long time ago [51]. The overexpression of AC in groups
leading to an increase in the lipolysis in adipose tissue and
also the expression levels of AC were increased in groups
received FSK with mevastatin; this improves the ability of
FSK to protect also against obesity. On the other hand, HSL
is an intracellular enzyme able to break a variety of esters
and is considered to be affecting fat deposition/release in
adipose tissue [52]. Gene expression profile of HSL was ana-
lyzed in omental adipose tissues of experimental rats, and the
effect of FSK on HSL mRNA expression level and its influ-
ence on lipolysis were analyzed by real-time RT-PCR. First
of all, it has been known that triglyceride (TG) breakdown
was originally begin through the action of HSL, although
some studies have improved that deletion of the HSL gene
in knockout models did not greatly affect the induction of
this lipolysis in adipose tissue; as HSL is mainly specific for
diacylglycerol (DAG) breakdown, others improved that
HSL knockout mice have shown near-complete deficiency
of lipolysis [53]. It has been known that FSK increases PKA
activity through the activation of cAMP release; this will lead
to phosphorylation of HSL which indeed leads to increase
lipolysis of adipose tissue [54]. Our data obtained in the pres-
ent study showed significantly high expression levels of HSL
mRNA in adipose tissue in all rats received FSK. The increase
of HSL expression levels leads to an increase in the release of
FFAs and glycerol from adipocytes, and this also was
observed from our data obtained in the present study. Others
reported that inhibition of HSL can lead to the accumulation
of diacylglycerols (DAGs) in adipocytes [55], and this is in
the same line as our obtained results. It has been revealed that
lipolysis in adipose tissue was associated with an increase in
HSL expression levels [56]. In the same line of our data, the
association of HSL expression levels and its role to induce
lipolysis in adipose tissue has been improved in many recent
studies. Our results also showed a low expression level of HSL
in adipose tissue of dyslipidemic rats; in the same line of our
data, authors have improved that HSL mRNA expression
level has been decreased in adipose tissue of obese men
[57], while it has been increased for 5-fold in adrenocortical
cell lines treated with FSK [58]; this comes following our
findings. The results of the present study emphasized the

synergetic action of both FSK and mevastatin on both lipid
profiles and genes in dyslipidemic rats. Data regarding the
use of both FSK and mevastatin to study lipid metabolism
was widely reported [42]. The discovery of existed statins
induces a revolution in the treatment of cholesterol-
induced disease due to their role in the inhibition of choles-
terol biosynthesis [59]. Although, the use of statin in the
treatment itself is associated with many side effects like myal-
gia [60], serum transaminase elevations, and acceleration of
the onset of diabetes mellitus [61]. It is still a vital therapy
in patients with dyslipidemia [59]. It has been demonstrated
that mevastatin could activate AMPK signaling [62]. Hand
by hand with its known activity as a competitive inhibitor
to HMG-CoA reductase [63], it leads to reduce cholesterol
synthesis. Regarding to the present results, dyslipidemic rats
received FSK with mevastatin showed a great reduction in
lipid profile parameters with the lowest glycerol level; this
illustrated the synergic action of both FSK and mevastatin
to normalize lipids in dyslipidemic rats.

6. Conclusions

Forskolin synergistically with mevastatin induced normali-
zation of lipid profile and lipolysis of omental lipids in
dyslipidemic rats through the overexpression of AMPK,
AC, and HSL.
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Figure 1: The effect of forskolin on the mRNA expression levels of adenosine monophosphate kinase, adenylate cyclase, and hormone-
sensitive lipase genes.
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