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Background: Obesity is a metabolic disorder that can lead to adverse metabolic effects
on blood pressure, cholesterol, triglycerides and insulin resistance and also increases the
risk of coronary heart disease, ischemic stroke and type 2 diabetes mellitus. This study
was designed to determine the effect of Coleus forskohlii on obesity and associated
metabolic changes in rats fed with cafeteria diet. Objective: The aim of this study was to
evaluate antiobesogenic and metabolic benefits of C. forskohlii in cafeteria diet induced
obesity rat model. Materials and Methods: Rats were randomly divided into five groups of
six animals in each group and as follows: Normal pellet diet group; cafeteria diet group;
cafeteria diet followed by 50 mg/kg/d Coleus forskohlii extract (CFE), 100 mg/kg/d
CFE and 45 mg/kg/d orlistat groups, respectively. Indicators of obesity such as food
intake, body weight and alteration in serum lipid profiles were studied. Results: Feeding
of cafeteria diet induced obesity in rats. Administration of CFE significantly halted
increase in food intake and weight gain associated with cafeteria diet. Development of
dyslipidemia was also significantly inhibited. Conclusion: The observed effects validate
that supplementation of CFE with cafeteria diet could curb the appetite and mitigate the
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development of dyslipidemia.
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INTRODUCTION

Obesity is a metabolic disorder that can lead to adverse
metabolic effects on blood pressure, cholesterol,
triglycerides (TGs) and insulin resistance and also
increases the risk of coronary heart disease, ischemic
stroke and type 2 diabetes mellitus. Overweight and
obesity are the fifth leading risk for global deaths. At
least 2.8 million adults die each year as a result of being
overweight or obese. In addition, 44% of the diabetes
burden, 23% of the ischemic heart disease burden
and between 7% and 41% of certain cancer burdens
are attributable to overweight and obesity.! The most
associated reasons for increase in the prevalence rates are
increasing rates of obesity in children and adolescents
due to sedentary life-style and unhealthy food habits.
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In spite of better understanding of obesity and number
of pharmacological approaches to treatment obesity, only
few antiobesity drugs are safe and most of these have
adverse effects.” Thus, the best way to control obesity
is to prevention its development. Traditional system of
medicine provides a rich source of herbs, which are used
over thousands of years safely for prevention and treatment
of obesity.

Coleus forskohlii Briq. (Lamiaceae), native Indian plant
is one of the oldest medicinal plants mentioned in the
traditional system of medicine to treat various ailments
including obesity.! It has also got long food use in India.
Numerous preclinical and clinical studies, with C. forskohlii
have reported significant weight reduction activity,
without any noticeable adverse effects. The most known
mechanism behind its antiobesity activity is the direct
activity of forskolin on adenylate cyclase, an enzyme that
activates the synthesis of cyclic adenosine monophosphate
or Cyclic adenosine monophosphate (cAMP) in the cell.
cAMP promotes the breakdown of stored fats in animal
and human fat cells.”
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In the present study, the effect of Coleus forskohlii
extract (CFE) on cafeteria diet induced obesity and
indicators of obesity such as appetite, Weight gain,
dyslipidemia and adipocyte area was determined.

MATERIALS AND METHODS

Test substance
C. forskoblii root extract M/s. Olive Lifesciences Pvt. Ltd.,
India.

Drugs/chemicals used

Cholesterol AR (HiMedia Laboratories Pvt. Ltd., India),
Cholic acid (HiMedia Laboratoties Pvt. Ltd., India), Oleic acid
(Qualigens fine chemicals), otlistat (Meyer Pharmaceuticals
Bangalore.; Trade name: Xenical 20). Cholesterol estimation
kit (ERBA Diagnostics Mannheim GmbH, Germany),
TGs estimation kit (ERBA Diagnostics Mannheim GmbH,
Germany) and high density lipoprotein (HDL) cholesterol kit
(ERBA Diagnostics Mannheim GmbH, Germany).

Animals

Thirty female albino wistar rats (Central Animal Facility, Sree
Siddaganga College of Pharmacy, Tumkur) (45 days old),
were acclimatized for a week and maintained under standard
laboratory conditions with free access to standard pellet
feed (M/s Pranava Agro Industries Sangli, Maharashtra)
and ultraviolet purified and filtered water, ad Iibitum.

Diets

The cafeteria diet consisted of three diets (a) 48 g of
condensed milk, 48 g of bread, (b) 18 g of chocolate, 36 g
of dried coconut, 36 g of biscuit and (c) 48 g of cheese,
60 g of potatoes. The three diets were presented to the
individual rats on day 1, 2 and 3 respectively and then
repeated for 42 days in the same succession in addition to
normal pellet chow diet."!

Treatment protocol

The animals were divided into five groups of six animals
each and individually housed in cages. The normal control
group continued to be fed a laboratory pellet chow ad
libitum. The cafeteria diet-control group received the
cafeteria diet in addition to the normal pellet diet (NPD).
The remaining three groups were fed with the cafeteria
diet and NPD along with CFE (50 mg/kg, p.o.), CFE
(100 mg/kg, p.o.) and otlistat (45 mg/kg, p.o.), respectively.
Treatment was continued for 6 weeks. The animals were
weighed at the start of the experiment and then every
week thereafter.

Measurement of food intake
The food intake of each animal was determined initially
and then every week thereafter by measuring the difference
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between the pre-weighed chows and the weight of the food
that remained after 24 h and the results were expressed as
a gram pert week for a group of six rats each.!

Blood biochemical analysis

On the day 42, blood was collected by retro-orbital
puncture from the ether-anesthetized rats and subjected
to centrifugation to obtain the serum. The serum levels of
cholesterol and lipoproteins were estimated using ERBA
estimation Kkits.

Estimation of organ and tissue weights, parametrial
adipose tissue weight, and liver TG content

Animals were sacrificed with an overdose of diethyl ether.
The liver, heart, kidney and Parametrial adipose tissue (PAT)
were quickly removed and weighed. The liver tissue was
stored at —80°C until analysis was petformed. The liver TG
content was estimated as follows; a portion (0.5 g) of liver
tissue was homogenized in the Krebs Ringer Phosphate
buffer (pH 7.4, 4.5 mL) and the homogenate (0.2 mL) was
extracted with a chloroform-methanol mixture (2:1, v/v,

4 mL). The extract was concentrated and the residue was
analyzed using ERBA TG E-test kit."

Fat excretion in feces

Feces wet weight and TG content in feces obtained during
the last 24 h was measured using ERBA TG E-test kit.”

Statistical analysis

Results were expressed as mean * Standard error of the
mean. The data were analyzed by one-way analysis of
variance followed by Dunnett’s multiple comparisons test
and P < 0.05 was considered as significant.

RESULTS

Effect on body weight

Cafeteria diet significantly increased the body weight of rats
compared to NPD fed group over 6 weeks. Both 50 and
100 mg/kg CFE significantly (P < 0.01) inhibited weight
gain over 6 weeks compared with cafeteria diet alone fed
group. There was no significant difference between both
the doses of CFE on body weight gain. Orlistat (45 mg/kg)
also showed a significant reduction in weight gain compared
with cafeteria diet alone fed group [Table 1].

Effect on food intake

Feeding behavior was monitored in the test animals
for 6 weeks. As expected, food intake was significantly
greater in cafeteria diet fed group than in the group
given NPD (P < 0.01). Concurrent administration of
CFE (50 mg/kg or 100 mg/kg) with cafeteria diet, reduced
food intake considerably compared with cafeteria diet
alone group (P < 0.01). Otlistat (45 mg/kg) also showed
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Treatment groups

Mean increase in body weight during six week of treatment

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
NPD 9.7+1.73** 10.2£1.9* 10.0£2.98** 10.8£2.91* 11.0+£3.19** 10.8+£3.12**
CD 13.4+2.0 22.5+2.11 22.4+3.10 23.8£3.12 24.9+2.94 25.6+2.3
CD+CFE (50 mg/kg) 7.5£2.13** 6.5+1.21** 7.2+2.19** 8.1+£2.45** 6.7+2.89** 6.2+3.34**
CD+CFE (100 mg/kg) 11.3+1.45** 3.9+1.53** 3.5+2.02** 4.542.34** 4.6+£3.10** 4.9+2.94**
CD+Orlistat (45 mg/kg) 2.942.03** 3.5+1.41* 2.741.92** 4.8+2.89** 2.3+£3.04* 2.442.94*

CFE=Coleus forskohlii extract; SEM=Standard error of the mean; ANOVA=Analysis of variance; NPD=Normal pellet diet; CD=Cafeteria diet. Data are expressed as mean+SEM.
Where n=6.**P<0.01 compared to CD fed control (one-way ANOVA followed by Dunnett multiple comparisons test)

Treatment groups Food consumption of each

group (g/group/week)
NPD 532.8+0.208**
CD 581.6+0.240
CD+CFE (50 mg/kg) 563.6+0.222**

CD+CFE (100 mg/kg) 551.2+0.020**
CD+Orlistat (45 mg/kg) 543.0+0.004**

CFE=Coleus forskohlii extract; SEM=Standard error of the mean; ANOVA=Analysis
of variance; NPD=Normal pellet diet; CD=Cafeteria diet. Data are expressed as
mean+SEM. Where n=6.** P<0.01 compared to CD fed control (one-way ANOVA
followed by Dunnett multiple comparisons test)

a significant (P < 0.01) decrease in feed intake per week

[Table 2].

Effect on serum biochemical parameters

Cafeteria diet significantly increased levels of
total-cholesterol (TC), low density lipoprotein (LDL),
very low density lipoprotein (VLDL), TGs and significantly
reduced HDL as compared to NPD-control [Table 3].
Both the doses of CFE administered for 6 weeks to
rats significantly decreased serum TC, TG, VLDL, LDL
and significantly increased serum HDIL-cholesterol level
compared to cafeteria diet-control. Orlistat showed
significant changes in all the serum biochemical parameters
compared to cafeteria diet alone fed group [Table 3].
Dyslipidemia indices such as TG/HDL and LDL/HDL
were also significantly improved by CFE administration.

Effect on organs weight, PAT weight, and liver TG
content

Cafeteria diet produced a significant increase in heart, liver,
kidney and PAT weights compared to NPD fed rats [Table 4].
Furthermore, the cafeteria diet also induced fatty liver, with
the accumulation of TGs in the liver when compared with
the normal control group. Treatment with CFE (both low
and high dose) and orlistat significantly inhibited the weight
gain of the heart, liver, kidney, and PAT. Both doses of CFE
prevented the accumulation of TGs in liver [Table 4].

Fat excretion in feces

Fecal wet weight was significantly decreased in cafeteria
diet fed rats than in NPD fed rats. Treatment with CFE

a4

(50 and 100 mg/kg) and otlistat to cafeteria diet fed rats
significantly (P < 0.01) increased the feces weight at the end
of 6 weceks, compared to cafeteria diet fed control [Table 5].

The amount of TG in the feces was dramatically reduced in
rats fed with cafeteria diet for 6 weeks compared to NPD
fed rats. Treatment with different doses of CFE (50 and
100 mg/kg) and otlistat for 6 weeks showed significantly
higher TG in feces compared with cafeteria diet fed control.
The results are summarized in a Table 5.

DISCUSSION

Feeding rats with cafeteria diet inevitably causes weight
gain compared to normal pellet chow diet.® A cafeteria
diet induced obesity model is the simplest obesity-induced
model and possibly the one that most closely resembles the
reality of obesity in humans.”! Our results demonstrated
that feeding of CFE with cafeteria diet to rats for 6 weeks
produced significantly reduced food intake (appetite
suppressant effect) in this model. These effects were
reflected in the reduced body weight, liver weight, PAT and
serum lipid profiles of rats. The possible mechanism of
appetite suppression may be a reduction of digestion of
carbohydrates and lipids in the digestive track of rats. The
most common complication of obesity includes significant
alteration of lipid profiles. Apart from weight reduction,
treatment with CFE caused significant normalization in the
lipid profiles, which include significant decrease in levels of
TC, LDL, VLDL and TG and increase in HDL compared
with cafeteria diet alone fed rats. The reduction in the ratios
of TC/HDL and LDL/HDL observed in CFE treated rats
might be due to the higher proportion of HDL. Elevated
serum TG is considered as an independent risk factor for
cardiovascular diseases." A significant decline in the serum
TG was observed in CFE treated rats. The mechanism
by which CFE lower the serum TG concentration could
be cither by decreasing VLDL synthesis, by channeling
VLDL through pathways other than to LDL or an increase
in lipoprotein lipase activity. CFE supplementation
suppressed fat absorption, consequently resulting in
increased excretion of TG in feces and this could partly
contribute to its lipid lowering effect.
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Table 3: Plasma biochemistry of rats fed experimental diets for 6 weeks

Treatment TG (mg/dL) TC (mg/dL) HDL (mg/dL) LDL (mg/dL) VLDL (mg/dL)  TC/HDL LDL/HDL
NPD 22.40+0.53* 64.08+2.70"  30.23+3.12*  29.374545"  4.48+0.10**  226:0.29"*  1.10£0.19**
cD 72.35:0.57  82.47+1.69  16.28:2.62  51.71:0.4.82  14.47+1.11 5.11+0.28 3.2040.16
CD+CFE (50 mg/kg) 49.18+0.56"  67.32+2.01™*  28.38+3.03*  32.10£5.77*  9.83+0.70**  2.37+0.27*  1.13%0.17*
CD+CFE (100 mg/kg) 26.78+0.56™ 68.45+1.98™  29.56%3.56*  31.09+4.82* 5.35+0.9"  2.31+0.17*  1.05:0.16*
CD+Orlistat (45 mg/kg) ~ 18.68+0.59**  66.27+41.80*  30.47+3.41*  32.06:4.28*  3.73:0.80*  2.29:0.23"  1.16+0.22**

HDL=High density lipoprotein; LDL=Low density lipoprotein; VLDL=Very low density lipoprotein; TC=Total-cholesterol; TG=Triglyceride; CFE=Coleus forskohlii extract;
SEM=Standard error of the mean; ANOVA=Analysis of variance; NPD=Normal pellet diet; CD=Cafeteria diet. Data are expressed as mean+SEM. Where n=6.* P<0.05,**P<0.01
compared to CD fed control (one-way ANOVA followed by Dunnett multiple comparisons test)

Table 4: Organs weight, PAT weight and liver TG level of rats fed experimental diet for 6 weeks

Treatment Weight of organ (g/100 g body weight) PAT Liver TG
Heart Kidney e weight (g) (mg/0.5 g of liver)
NPD 0.61+0.01* 1.24+0.06** 4.48+0.21** 1.03+0.36** 90.40+9.06**
CD 0.70+0.02 1.78+0.08 6.30+0.22 3.22+0.23 135.07+8.86
CD+CFE (50 mg/kg) 0.62+0.03* 1.26+0.05** 5.31+0.27* 1.52+0.59* 96.14+8.03*
CD+CFE (100 mg/kg) 0.61+0.02* 1.28+0.05** 4.56+0.25** 1.4210.44* 96.21+7.95*
CD+Orlistat (45 mg/kg) 0.60+0.02** 1.30+0.03** 4.79+0.25** 1.36+0.48* 101.84+7.89*

PAT=Parametrial adipose tissue; TG=Triglyceride; NPD=Normal pellet diet; CD=Cafeteria diet; CFE=Coleus forskohlii extract; SEM=Standard error of the mean;
ANOVA=Analysis of variance. Data are expressed as mean+SEM. Where n=6.* P<0.05, ** P<0.01 compared to CD fed control (one-way ANOVA followed by Dunnett multiple

comparisons test)

Table 5: Wet weight of feces and TG in feces of
rats fed experimental diet for 6 weeks

Treatment Wet weight TG in feces
of feces (g) (mg/g of feces)
NPD 1.02+0.01** 264.65+0.33**
CD 0.21+0.00 151.53+0.04
CD+CFE (50 mg/kg) 0.35+0.00** 406.00+0.02**
CD+CFE (100 mg/kg) 0.42+0.00** 417.26+0.04**
CD+Orlistat (45 mg/kg) 0.48+0.00** 500.01+0.01**

TG=Triglycerides; CFE=Coleus forskohlii extract; NPD=Normal pellet diet;
CD=Cafeteria diet; SEM=Standard error of the mean; ANOVA=Analysis of variance.
Data are expressed as mean+SEM. Where n=6.**P<0.01 compared to CD fed
control (one-way ANOVA followed by Dunnett multiple comparisons test)

Based on the present study CFE might elicit beneficial
effects by halting the development of obesity and obesity
associated metabolic change (dyslipidemia) in cafeteria diet
fed rats by its hypophagic and antihyperlipidemic properties.
CFE, 50 mg/kg/day appear to be the optimal dose for
preventing cafeteria diet induced changes in body weight,
PAT and dyslipidemia. Present study supports the use of
CFE as an antiobesogenic agent. CFE supplementation
mitigates the development of high fat diet induced obesity
and associated metabolic imbalance like dyslipidemia.
Possible mechanisms may be due to its hypophagic and
antihyperlipidemic activities. Further studies are required
to gain more insight into the mechanism of antiobesogenic
activity of C. forskohlii.
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