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Original article 
Forskolin redistributes visceral lipids and induce hypolipidemia in obese rats
Abstract 

In the present study we examine the effect of forskolin administration on lipids profile and lipolysis in omental adipose tissue in obese rats. The study was conducted on forty male albino rats. The rats were randomly classified into four main groups of tens in each group as the follow; group A; served as control non treated, group B; rats that received high fat diet for ten weeks, group C; rats that received high fat diet with FSK (100% FSK extract 0.5 mg/kg/day) for ten weeks, group D; rats fattened for ten weeks then received FSK for successive two weeks. At the end of experimental period blood and omental adipose tissue samples were collected preserved and used for biochemical determination of lipid profiles and mRNA expression profile of adenylate cyclase and hormone sensitive lipase respectively. The results showed a significant decline in the serum concentration of total lipids, total cholesterol, LDL-cholesterol, and triglycerides of although there were a significant increase in serum levels of HDL-cholesterol and glycerol in rats received forskolin when compared with control and obese groups. The mRNA expression levels of AC and HSL was significantly increased in omental adipose tissue of rats received forskolin when compared with other groups.
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Introduction 

Obesity is one of most dangerous factors that challenge public health all over the world; it is predispose for major health problems like diabetes mellitus (1). Deposition of lipids in the visceral abdominal adipose tissue can lead to hypertension, insulin resistance and so hyperglycemia and diabetes with hyperlipidemia (2). There is a great approve that modification of lifestyle behaviors related to nutrition and physical activity can yield weight loss and improves a variety of medical conditions associated with obesity in a variety of subpopulations (3). The high use of smart media applications and digital technology provides an update on how there technologies can intervening the dietary change, with exercise and calorie intake control are becoming very effective tools for controlling obesity over world (4). One of the most recent effective agents for controlling overweight and obesity are the naturally occurring thermogenic plants, include ephedrine and caffeine, p-synephrine, capsaicin, chlorogenic acid originates from green coffee bean and forskolin (5). Forskolin (FSK) is a compound extracted from plant Coleus forskohlii; it soluble in lipids so can penetrate cell walls and have ability to stimulate adenylate cyclase (AC) lead to elevate intracellular cAMP levels 
 ADDIN EN.CITE 
(6-8)
. Due to its role to stimulate AC; FSK has been became an agent of choice for treatment of glaucoma of the eye (8), Nerve repair (9), and improve nerve cells (10), blood pressure 
 ADDIN EN.CITE 
(11)
,  and above all of this it has been used as dietary supplement for obesity 
 ADDIN EN.CITE 
(12)
. In the last few days, there is a great bias about the ability of FSK to induce body weight loss through its ability to increase the hydrolysis of body stored fat. A lot of TV talk shows handle its benefits and medicinal use especially its ability to hydrolyze visceral lipids. To this end, we set out to study the possible effect of FSK administration on the visceral lipid metabolism and its ability to induce lipolysis in adipose tissues of obese rats.
Material and methods 

1. Animals 

1.1. Animal selection and management 

Forty males of albino rats with weight 200-250gm were used in the present study (animals were obtained from animal house faculty of veterinary medicine, Zagazig University). All animals were housed in stainless cages at 22 °C with 12/12 h light/dark cycle and 50% humidity. All rats were provided standard rat diet and water ad libitum one week before the beginning of the experiment.

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) they did not expose to any type of treatment and were served as a control group; group B; rats that received high fat –content diet for successive ten weeks (fattening period); and this group was served as high fat-content diet (fattened group), group C; rats that received high fat –content diet with FSK for successive ten weeks (this group received FSK during induction of obesity), group D; rats that received high fat –content diet for ten weeks (fattening period) and then received FSK for another successive two weeks (this group received FSK after inducing of obesity; then the high fat –content diet has been stopped and continued to receive normal diet with FSK for the successive two weeks).

1.3. Animal feeding and induction of obesity 

Control rats received a standard pellet diet and other groups received high fat-content diet constructed by adding fat to the standard diet for 10 weeks. Standard pellet composition was 24% protein, 3.62% fat, 7% cellulose, 10% ash and 12% water. Sixty percent of total energy was from fat in the high fat diet. It has been approved that diets with 60% of energy from fat commonly are used to induce obesity in animals (13).

1.4. Forskolin administration 

Animals received FSK (100% FSK extract 0.5 mg/kg/day) by gastric tube. Group C received FSK with high fat –content diet for 10 weeks, while group D received FSK after induction of obesity for 2 weeks (14). 

2. Material  

FSK 100% pure extract were obtained from (California products, 1811 silverside road, Wilmington, DE 19810, www.shopcaliproducts.com ).

3. Sampling

 3.1. Blood samples 


Blood were collected 24 hours at the end of each experimental period (10 weeks and 12 weeks in last group). Animals were sacrificed then blood were collected and centrifuged at 5000 rpm for separation of serum. Sera were stored at -20°C until the biochemical examinations were conducted. 

3.2. Tissue samples 


Omental adipose tissue was obtained from rats abdomen then was washed in saline and stored at -80°C until its use in the gene expression and molecular biological analysis.

4. Biochemical determinations

Serum total lipids, total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, and glycerol concentrations were determined according to (15), 
 ADDIN EN.CITE 
(16)
, (17), and 
 ADDIN EN.CITE 
(18)
 respectively. 

5. Molecular biological determinations 
The mRNA expression levels of 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 experimental period using (RNeasy Mini Kit for RNA extraction from Qiagen biotech). a)
The RNA obtained was quantitated by measuring its concentration at absorbance 260 nm, and its purity was checked by the ratio between the absorbance values at 260 and 280 nm ratios of 1.8 or more indicate a pure sample. The samples that have purity less than 1.8 was re-extracted again then all RNA samples were stored at -80ºC. Then the first strand of DNA was synthesized using Qiagen RT-PCR kits (20). Mat. No. 1042845. Primers for adenylate cyclase, hormone sensitive lipase and actin are synthesized using (primer 3) online software (http://bioinfo.ut.ee/cgi-bin/primer3-0.4.0/primer3) as the following, AC (NM_007405), sense 5'-acattcttcccaaggacgtg-3' and antisense 5'-ggtcataggtgctggcattt-3'; HSL (NM_012859), sense 5'-agacaccagccaacggatac-3' and antisense 5'-tgtagtgttccccgaaggac-3' and B-actin (V01218) sense 5'-cacggcattatcaccaactg-3' and antisense 5'-ggcagaggattcaaaagctg-3'. e)
The real-time PCR reaction program included was installed for all components except polymerase were heated 5 min at 95 °C and cooled to72 °C for the addition of polymerase. 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 threshold (Ct) was detected.  
Statistical analysis

The data were statistically analyzed by SPSS version 20.statistical packages (IBM, New York, NY, USA). Data were presented as a mean ± SE, n=10. Statistical differences between the groups were determined using one-way analysis of variance (ANOVA). Duncan’s test was used for testing the inter-grouping homogeneity. Statistical significance was set at p<0.05.

Results 

The effect of forskolin on lipid profile and lipolysis was shown in table 1, there was a significant decrease in the serum concentrations of total lipids, total cholesterol, LDL-cholesterol and triglycerides and high serum concentrations of HDL-cholesterol and glycerol in obese rats treated with forskolin if compared with their control groups. 
The mRNA expression of adenylate cyclase, hormone sensitive lipase and B-actin was shown in figure 1; there was a significant increase in the expression of AC and HSL in obese rats treated with forskolin if compared with their control groups. 

Table 1 Effect of forskolin on serum lipid profile and lipolysis in obese rats 

	Groups
	Total lipids (mmol/L)
	Total cholesterol (mmol/L)
	LDL-cholesterol (mmol/L)
	HDL-cholesterol (mmol/L)
	Triglycerides (mmol/L)
	Glycerol (nmol/µL).

	Control
	2.65±0.029d
	2.58±0.038d
	0.69±0.028d
	1.46±0.028a
	0.92±0.009c
	0.42±0.05d

	Obese
	5.25±0.032a
	5.27±0.032a
	3.74±0.023a
	0.76±0.01d
	1.65±0.013a
	3.02±0.27c

	Obese with forskolin
	3.92±0.049c
	3.86±0.029c
	2.13±0.018b
	1.13±0.012c
	1.31±0.042b
	4.17±0.20b

	Obese then forskolin
	3.55±0.033b
	3.36±0.031b
	1.53±0.031c
	1.20±0.014b
	1.34±0.022b
	4.94±0.25a


Means with different letters superscripts are significant at P<0.05
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Fig. 1 The effect of forskolin on the mRNA expression levels of adenylate cyclase and hormone sensitive lipase genes. Asterisk (*) indicates significant difference at P < 0.05.
Discussion 

In the present study, ability of FSK (FSK) to induce lipolysis in omental adipose tissue of obese rats was studied.  High fat –content diet was used to induce obesity in normal rats. Obese rats received FSK during and after inducing the obesity. The study has a great importance for both researches and obese animals/beings; firstly, it introduced a base of elucidation for the ability of FSK to stimulate lipolysis in adipose tissue especially in visceral fat. 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 controlling 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 lipids 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 animals/beings. Our study included the determination of both serum lipids profile and gene expressions of two key enzymes regulate lipolysis in adipose tissues; AC and HSL. According to our data, FSK seems to be able to decline serum total lipids level in obese rats even during or after the inducing the obesity. The serum total lipids level was decline 1.3 and 1.4 folds in obese rats received FSK during/after inducing the obesity respectively. The question here is how FSK be able to reduce serum total lipids 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 folds), LDL-cholesterol (1.7 and 2.4 folds), and triglycerides (1.25 and 1.22 folds) while it was able to elevate glycerol (as an indicator for adipose tissue lipolysis) (1.3 and 1.6 folds) and HDL-cholesterol (1.5 and 1.6 folds) in obese rats received FSK during and after inducing obesity respectively. Before answering the above mentioned question, we should observe that the rate by which FSK stimulates lipolysis is nearly equal to the rate by which it reduces serum lipids profile. It was well-known that FSK is able to stimulate lipolysis through its action to stimulate AC activity and so promote cAMP production (14). Its ability to do so has been approved recently even at low concentrations 
 ADDIN EN.CITE 
(19)
. Ability of FSK to induce both lipolysis and reduction of serum lipids profile is regards to many mechanisms; long time ago it has been approved that FSK prevents the conversion of circulating glucose to lipids (20), the matter which will direct all glucose for glycolysis and so it will reduce fat storage, and do so also through stimulation of insulin secretion (21). But the most important explanation for ability of FSK to reduce serum lipids profile is its ability to induce the uptake of lipids by the body cells helping in ideal fat distribution 
 ADDIN EN.CITE 
(22, 23)
. In the same line; many authors proved that FSK also reduce the contents of fats in the body cells 
 ADDIN EN.CITE 
(24, 25)
, which explain its ability to direct the stored fat to biosynthetic 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 in experimental rats. From its definition; Lipolysis is a process of breakdown of triglycerides in adipose tissues into fatty acids and glycerol (26); According to this we have used the glycerol level in the serum of experimental rats as indictor of lipolysis process, The results reflect what already happened in adipose tissue; there was a high level of glycerol and low level of triglycerides in the blood of experimental rats that have been received FSK during the experimental period. it has been approved that FSK stimulate glycerol and free fatty acids release form animal adipocytes (27), human adipose tissue 
 ADDIN EN.CITE 
(28)
, adipocytes cell lines 
 ADDIN EN.CITE 
(29, 30)
 and mice adipose tissue (31). Recently, FSK has been used as a new supplement for controlling of obesity 
 ADDIN EN.CITE 
(12)
 while it has been found that FSK can decrease total body lipids percentage, this come with an improvement for lean body mass (32), this come 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 significant 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 cholesterol uptake though activation of LDL receptor gene expression and activate the biosynthesis of HMG-CoA reductase (33). It has been found also that FSK has the ability to cooperate with some genes to shuttle cholesterol form outer to inner mitochondrial membrane, the matter with magnifying it role in cholesterol deposition and reducing its levels in serum 
 ADDIN EN.CITE 
(22)
. On the other hand, FSK has been used to promote the synthesis and production of progesterone, by the way it lead to increase the uptake of cholesterol by the cells and reducing its levels in serum 
 ADDIN EN.CITE 
(23)
. Also FSK restores cholesterol deposition in human macrophages (34). FSK has been known to be an effective stimulant for AC activity form long time ago (35), what is new in our study, is the molecular effect of FSK on mRNA expression level of AC gene in adipose tissue.     Our results showed a high expression levels of AC in groups that have been received FSK. We have examined the long term effect of FSK; FSK induce high expression levels in obese rats leading to increase the lipolysis in adipose tissue in groups received FSK during inducing the obesity, also the expression levels of AC was increased in groups received FSK after inducing the obesity if compared with control and obese non treated groups; this improves the ability of of FSK to protect also against obesity.   HSL is an intracellular enzyme able to break a variety of esters and is considered to be affecting fat deposition/release in adipose tissue (36) Gene expression profile of HSL was analyzed in omental adipose tissues of experimental rats, and the effect of FSK on HSL mRNA expression level and its influence on lipolysis was analyzed by real time RT-PCR. First of all; it has been known that Triacylglycerol (TAG) 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 showed near-complete deficiency of lipolysis 
 ADDIN EN.CITE 
(37)
.  It has been known that FSK increase PKA activity through the activation of cAMP release this will leads to phosphorylation of HSL which in deed leads to increase lipolysis of adipose tissue 
 ADDIN EN.CITE 
(38)
. Our data obtained in the present study showed a significant high expression levels HSL mRNA in adipose tissue in all rats received FSK. The increase of HSL expression levels leads to increase the release of triglycerides and glycerol from adipocytes and this also was observed from our data obtained in the present study. Others have improved that inhibition of HSL can lead to accumulation of diacylglycerols (DAGs) in adipocytes 
 ADDIN EN.CITE 
(39)
, and this is in the same line of our obtained results. Authors also found that lipolysis in adipose tissue have been associated with increase of HSL expression levels 
 ADDIN EN.CITE 
(40)
. 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 
 ADDIN EN.CITE 
(41-43)
. Our results also showed a low expression level of HSL in adipose tissue of obese rats which did not receive FSK; in the same line of our data; authors have improved that HSL mRNA expression level has been decrease in adipose tissue of obese men (44), while it has been increased for 5 folds in adrenocortical cell lines treated with FSK (45), this come in accordance with our findings.
Conclusions 

Forskolin has the ability to redistribute visceral lipids and induce hypolipidemia in obese rats. 
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