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Objective: The objective of the present study was to evaluate the effect of aqueous enriched fraction of Premna integrifolia
root (AEFPIR) against cafeteria diet induced obesity in Swiss albino mice. Materials and Methods: Female Swiss albino mice were
divided into four groups, which received cafeteria diet, standard drug simvastatin (10 mg/kg) and AEFPIR (200 and 400 mg/kg) daily
for 40 days. The body weight, body mass index (BMI), food consumption, serum glucose, triglyceride, total cholesterol, high density
lipoprotein (HDL), low density lipoprotein (LDL) and very low density lipoprotein (VLDL) were studied along with histopathological
assessments for screening the effect of AEFPIR against cafeteria diet induced obesity. High performance liquid chromatography (HPLC)
fingerprint profile of AEFPIR was also studied using quercetin as the reference standard. Results: The results of present study revealed
that, there was a significant decrease in body weight, BMI, food consumption and in the levels of serum glucose, triglyceride, total
cholesterol, LDL and VLDL with a significant increase in the level of HDL in mice treated with simvastatin and AEFPIR groups
compared with cafeteria diet group. Mice treated with AEFPIR shows dose dependent effect. The AEFPIR (400 mg/kg) supplementation
attenuated all the above alterations, which indicates the protective effect against cafeteria diet induced obesity that was further
confirmed by histopathological analysis. The solvent system was used for HPLC fingerprint profile of AEFPIR, 50 Mm potassium
diphosphate (pH-3 with ortho phosphoric acid): Methanol (50:50 v/v) at 360 nm. The chromatograph showed three peaks at retention
times 3.835, 5.649 and 11.106. Conclusion: The present study suggests that AEFPIR possess protective effect against cafeteria diet
induced obesity that was substantiated its ethno-medicinal use in the treatment of obesity. The exploration of chemical constituents
and further pharmacological evaluation will give us basis for its therapeutic use. Further series of studies are required to prove its
clinical reliability, safety and efficacy.
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INTRODUCTION seychellene, dodecanoic acid, 1H-cycloprop|e]
azulen-7-ol, decahydro-1,1,7-trimethyl-4-methylene-,
Premnaintegrifolia Linn. (Verbenaceae), commonly knownas ~ [lar-(laa,4aa,7a,7ad,7ba)]-, 2-propenoic acid,

Arni or Agnimantha!"? have been widely used for obesity ~ 3-(4-methoxyphenyl)-, tetramethyltricyclo[5.2.2.0 (1,6)]
and other obesity associated disorders.?” P. integrifolia ~ undecan-2-ol, 3,7,11,15-tetramethyl-2-hexadecen-1-ol,
root extract is an active ingredient of many ayurvedic ~ N-hexadecanoic acid, phytol, octadecanoic acid, ethyl
preparations such as Arishtam, Avaleham, Kvatham, ester, 2-phenanthrenol, 4b, 5,6,7,8,8a, 9,10-octahydro-4b,

Ghritam and Tailum.™ Roots are used in the treatment of 8,8-trimethyl-1-(1-methylethyl)-,"" luteolin,"" 13, 30,,8(-
trihydroxy-pimara-15-ene, 60,11,12,16-tetrahydroxy-7

-oxo-abieta-8,11,13-triene, 2a,19-dihydroxy-pimara-7,
15-dienel™> and acteoside (verbacoside).' Moreover,
alkaloids, carbohydrates, amino acids, steroids,
flavonoids, glycosides, tannins and phenolic compounds
were found in preliminary phytochemical screening
of the aqueous enriched fraction of P. integrifolia
root (AEFPIR, aqueous extract).l™™! P. integrifolia

diabetes, chyluria, inflammations, swellings, bronchitis,
dyspepsia, liver disorders, piles, constipation and
fever.l The root of P. integrifolin mainly contains
premnine, ganiarine,? ganikarine,®! premnazole,”!
clerodendrin-A,® glycerine, 2,5-furandione, 3-methyl-,
2-furancarboxaldehyde, 5-(hydroxymethyl)-, benzofuran,
2,3-dihydro-, 2-hydroxy-3-methylbenzaldehyde,

Access this article online has been reported for its potential actions such as
. . . . . [1618]
Quick Response Code: ' antidiabetic, hypoglycemic and antihyperglycaemic,
Website: anti-inflammatory,”*! immunomodulatory,?" cardiac
www.greenpharmacy.info stimulant and cardioprotective,?**! analgesic and
antibacterial,?! antimicrobial,!*>?"! anti-arthritic,1%28
. hepatoprotective,*-31 in-vitro cytotoxic and tumor
DOI: patop y
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antioxidant, 4202930323940 anticoagulation, ! antitumor,*?

gastroprotective and antiulcer®! and longevity-promoting.1*!
The herbal formulations containing P. integrifolia were also
evaluated for their memory enhancing,*! hypolipidemic,!
and in-vitro bioactivity effects.*”]

Obesity is a multifactorial, chronic disorder that has
reached a pandemic proportion world-wide.*##1 It is
rapidly turning into an epidemic afflicting much of the
industrialized world, resulting in a prohibitive health
and economic burden on society.”*?! Its prevalence is on
continuous rise in all age groups of many of the developed
countries in the world.® Nearly, one third of the world’s
adult population (1.3 billion people) was overweight or
obese in 2005 and if recent trends continue, by 2030 nearly
two-third of the world’s adult population (3.3 billion
people) could be either overweight or obese.*! Moreover,
obese and overweight patients are at higher risk from
coronary artery disease, hypertension, hyperlipidemia,
diabetes mellitus, cancers, gall bladder disorders,
cerebrovascular accidents, osteoarthritis, restrictive
pulmonary disease and sleep apnoea.’®* Now a day’s
natural medicine are gaining prominence because they
are economical, easily available and relatively free from
side-effects. It is evident from the present scenario that
herbal cure is gaining world-wide acceptance and has
emphasised on modern scientific exploration, extraction
and evaluation of foil medicines from plants. These
are either used directly as a plant extract or modified
through further synthesis."”? Therefore, based on the
ethno-medicinal use of P. integrifolia roots in the treatment
of obesity, author has screened its effect against cafeteria
diet induced obesity in Swiss albino mice.

MATERIALS AND METHODS

Chemicals

The quercetin (purity > 98%, high performance liquid
chromatography [HPLC]) was procured from Sigma Aldrich,
Bangalore. Glucose, triglyceride, total cholesterol, high
density lipoprotein (HDL) kits were obtained from ERBA
Diagnostics, Mannheim GmbH, Germany. Cafeteria diet was
purchased from local market of Bhopal, Madhya Pradesh.
Simvastatin was obtained from USV Ltd., Baddi, India. All
other chemicals and reagents used were of analytical grade.

Plant Authentification

Fresh, well-developed P. integrifolia plants and their roots
were collected from the region of North Karnataka, India in
the month of September 2008 and it was authenticated by
a taxonomist, Department of Botany, Basaveshwar Science
College, B.V.V.S. Campus, Bagalkot, Karnataka, India.
Voucher specimen (No. B.Sc/Bot/13/08) was deposited in
the same.
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Preparation of Aqueous Enriched Fraction

Roots were dried in the shade and powdered. The root
powder was extracted with petroleum ether (40-60°C) and
subsequently with 1:1 ratio of chloroform-methanol (55-60°C)
for 24 h by using soxhlet apparatus. The above residue
successively was used for the preparation of aqueous
enriched fraction (aqueous extract), the powder was
heated at 20-22°C in distilled water. After filtration through
Whatmann filter paper no. 40, the extract was evaporated
to dry by slow heating and continuous stirring on water
bath. After the residue extractions, the excess water were
completely removed by using a rotatory flash evaporator
to get concentrated, then completely dried in freeze drier
and preserved in an airtight container under refrigeration.
Percentage yield of AEFPIR (aqueous extract) was found
to be 5.43% based on the initial plant material used for the
extraction and then it was used for screening the effect of
cafeteria diet induced obesity in Swiss albino mice

HPLC Fingerprint Profile of Aqueous Enriched Fraction
HPLC fingerprint profile of AEFPIR was studied using
quercetin as the reference standard. The mobile was
used, 50 Mm potassium diphosphate (pH-3 with ortho
phosphoric acid): Methanol (50:50 v/v) at wavelength
360 nm; however, the HPLC column was used
C18 (250 mm x 4.6 mm, 5u), flow rate 1 ml/min. The
flavonoids were separated and quantified by using
refurbished water isocratic reversed phase-HPLC system
with chromatography software was used for data analysis
and data processing. The HPLC system consists of water
pump, Rehodyne injector and waters 486 ultraviolet visible
detector using HPLC grade water. The samples were
analysed at 80°C on a C18 (250 mm x 4.6 mm, 5u) column.

Animals

All the experimental protocols used in the study were
approved by Institutional Animal Ethics Committee,
Radharaman College of Pharmacy , Bhopal. Inbreed female
Swiss albino mice (22-26 g) were used for the study and
housed at room temperature (25°C + 1°C) with 50% * 5%
relative humidity and given standard laboratory feed
(Hindustan Lever, India) and water ad libitum throughout
the experimental period.

Acute Toxicity Study

Acute toxicity study of AEFPIR was performed as per the
Organisation for Economic Co-operation and Development
guideline No. 425 and 420 followed by up and down and
fixed dose method.** The dose range of 200 and 400 mg/kg
was selected for the further evaluation of study.

Experimental Protocol for Screening of Effect of AEFPIR
Inbreed female Swiss albino mice (22-26 g) were randomly
divided into four groups of six mice in each and treated
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are as follows:

* Group I: Received cafeteria diet in pellets forms

¢ Group II: Cafeteria diet + simvastatin (10 mg/kg, orally)
was administered daily

* Group III: Cafeteria diet + AEFPIR (200 mg/kg, orally)
was administered daily

e Group IV: Cafeteria diet + AEFPIR (400 mg/kg, orally)
was administered daily.

Preparation and Presentation of Cafeteria Diet for
Induction of Obesity

The method described by Harris and Kulkarni was
followed with some modifications.l®*5!l Cafeteria diet is
highly palatable, energy rich animal diet that includes
a variety of human snack foods that consists of three
diets, which includes (condensed milk 48 g + bread 48 g),
(chocolate 18 g + biscuits 36 g + dried coconut 36 g), (cheese
48 g +boiled potatoes 60 g). The cafeteria diet was presented
in the form of pellets to five groups for 40 days. However,
the effect of AEFPIR against cafeteria diet induced obesity
was evaluated using following parameters.

Body Weight
Body weights of mice (g) were recorded on 1, 10, 20, 30 and
40 day in each group.®!

Body Mass Index

Body mass index (BMI) of mice were recorded on 1 and
40 day of study (i.e., initial and final body weight and body
height) and was determined by using formula:'*?

BMI = Body weight (in g)/height (in cm?).

Food Consumption

Food consumption study was carried out on 1, 10, 20, 30
and 40 day and recorded at 1 h, 2 h and 3 h of time intervals.
The food consumption was estimated by subtracting the
amount of food left on the grid from initial food weight.[®’!

Serum Lipid Profile

On 41 day, the blood samples were taken by penetrating the
retro-orbital plexus with a fine glass capillary. The blood
samples were centrifuged at2500 rpm for 15min to separate the
serum and preserved (-20°C) for analysis of glucose (Trinder’s
Method), triglycerides (GPO-Trinder Method, End
Point), total cholesterol (Modified Roeschau’s Method),
HDL-cholesterol (HDL-c) (Phosphotungstic Acid Method),
low density lipoprotein-cholesterol (LDL-c) (calculated
using Friedewald’s equation, LDL-c=Total cholesterol - Very
low density lipoprotein-cholesterol (VLDL-c) - HDL-c) and
VLDL-c (VLDL-c = Triglyceride/5) were estimated.**%

Histopathological Assessments
Liver from the cafeteria diet, simvastatin and AEFPIR
treated groups was removed. It was fixed in 10% formalin
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and embedded in paraffin wax and cut into a sagittal
plane section of 5 pn of thickness. The sections were stained
with haemotoxylin and eosin dye for histopathological
assessments under a light microscope.

Statistical Analysis

The data were statistically analysed and expressed as
means * standard error of mean (SEM). The significance
of difference was determined by using one-way analysis
of variance (ANOVA) followed by multiple comparisons
Dunnett’s test. P <0.05 value was considered as statistically
significant.

RESULTS AND DISCUSSION

HPLC fingerprint chromatograph showed three peaks at
retention times of 3.835, 5.649 and 11.106 as in Figure 1.
The reference standard was used as quercetin, which
showed a peak at retention time 3.24 as in Figure 2.
A cafeteria diet induced obesity model is the simplest
obesity induction model and possibly the one that most
closely resembles the reality of obesity in humans.’®
Cafeteria diet has been previously reported to increase
energy intake and cause obesity in humans®! as well
as in animals.[”l The cafeteria diet has been reported to
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Figure 1: High performance liquid chromatography chromatogram of aqueous
enriched fraction of Premna integrifolia root
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Figure 2: High performance liquid chromatography chromatogram of quercetin
as reference standard

| October-December 2013 |



Mali: Effect of aqueous enriched fraction of Premna integrifolia root against cafeteria diet induced obesity

induce hyperphagia in rats,®! which results in higher
fats stores resulting in increased body weight and
organ weight.!®! The results of present findings was in
line with the above studies as author have observed,
the cafeteria diet fed mice treated with simvastatin
showed significant (P < 0.05-P < 0.001) decrease in
body weight on 10, 20, 30 and 40 day as compared
with cafeteria diet group. However, AEFPIR group
(400 mg/kg) showed significant (P < 0.001) reduction
in body weight at 30 and 40 day when compared with
cafeteria diet group as shown in Table 1. Effect of AEFPIR
on BMI is shown in Table 2, cafeteria diet fed mice
treated with simvastatin, AEFPIR (400 mg/kg) groups
showed a significant (P < 0.001) decrease in the final
BMI when compared with cafeteria diet group. Table 3
shows the effect of AEFPIR on food consumption in the
experimental group of mice. Simvastatin administered
mice showed a significant (P < 0.01, P < 0.001) decrease
in food consumption on 30 and 40 day as compared
with cafeteria diet group. The AEFPIR (400 mg/kg)
treated mice showed significantly (P < 0.05, P < 0.001)
decreased food consumption on 30 and 40 day as
compared with cafeteria diet group. High fat diet
induced obesity can lead to insulin resistance. Obesity
is associated with a decreased capacity of insulin to
regulate glucose metabolism in the peripheral tissues.”!
Reports have strongly suggested that obesity is strong
associated with the imbalance in glucose and insulin
homeostasis.”! In the present study, cafeteria diet fed
mice showed abnormally increased blood glucose levels.
Treatment with simvastatin and AEFPIR markedly
brought down the levels of blood glucose suggesting its
anti-hyperglycemic effect. Obesity is associated with an
unfavourable lipid profile. Lipid abnormalities related
to obesity include an elevated serum concentration of
triglycerides, cholesterol, LDL and VLDL as well as a
reduction in serum HDL. It is shown that cafeteria
diet elevates serum triglyceride levels essentially by
preventing its uptake and clearance by inhibiting
catabolising enzymes like lipoprotein lipase (LPL)
and lecithin cholesterol acetyl transferase./”! Cafeteria
diet induced hypercholesterolemia has been related
to its ability to alter the physico-chemical properties
of lipoproteins and thereby prevent their uptake by
the liver for clearance.” High fat diet increases both

LDL-cholesterol and oxidative stress that results in
increased oxidized LDL levels leading to atherosclerotic
plaque formation.””! Moreover, cafeteria diet decreases
the levels of HDL, which is considered to be the good
cholesterol that is anti-atherogenic in nature.”! The
above findings were in supportive with present results
as we have observed, the cafeteria diet fed mice treated
with simvastatin, AEFPIR (400 mg/kg) groups showed
a significant (P < 0.001) decrease in the levels of serum
glucose, triglycerides, total cholesterol, LDL, VLDL
and significant (P < 0.001) increase in the levels of HDL
when compared with cafeteria diet group is shown in
Table 4. The reduction in triglycerides level is due to an
increase in activity of endothelium bound LPL, which
hydrolyzes the triglyceride into fatty acids or may be due
to an inhibition of peripheral lipolysis so that fatty acids
are not released and get converted into triglyceride.””!
The decline in VLDL levels in treated groups could be
directly correlated to a decline in triglyceride levels as
it is well-established that VLDL particles are the main
transporters of triglycerides in plasma.” A decrease
in serum cholesterol and LDL level is due to decreased
cholesterol absorption from the intestine by binding
with bile acids within the intestine and increasing faecal
bile acids excretion.” Tannins present in P. integrifolia
have been reported to increase faecal bile acid excretion,
thereby leading to reduction in cholesterol levels.[*!
Elevated levels of HDL helps to carry cholesterol back
to the liver, where it gets excreted as bile salts.[!! In
our present study, mice fed with AEFPIR were found
to significantly increase serum HDL levels suggesting
its cardioprotective nature. The increased level of HDL
observed in AEFPIR compare to the cafeteria diet group

Table 2: Effect of aqueous enriched fraction of
P. integrifolia root on BMI

Treatment Initial BMI Final BMI
groups (g/cm?) (g/cm?)
Cafeteria diet 0.471+0.047 0.675+0.588
Cafeteria diet+simvastatin 0.428+0.042 0.408+0.355¢
Cafeteria diet+AEFPIR (200 mg/kg)  0.467+0.046 0.511+£0.445°
Cafeteria diet+AEFPIR (400 mg/kg) 0.465+0.046  0.451+0.393°

All values are expressed as a mean+SEM, n=6. AEFPIR — Aqueous enriched fraction
of P. integrifolia root; SEM — Standard error of the mean; BMI — Body mass index;
P. integrifolia — Premna integrifolia. ®P<0.01; °P<0.001 compared with cafeteria diet

group

Table 1: Effect of aqueous enriched fraction of P. integrifolia root on body weight

Treatment groups

Days and body weight (g)

1 day 10 days 20 days 30 days 40 days
Cafeteria diet 26.51+2.63 28.77+2.85 29.16+2.88 31.92+3.17 33.12£3.29
Cafeteria diet+Simvastatin 25.78+2.55 25.23+2.50° 24.19+2.38° 22.12+2.19° 20.01+1.96°
Cafeteria diet+AEFPIR (200 mg/kg) 26.28+2.59 26.78+2.64 26.03+2.57¢ 25.80+2.55° 25.05+2.42¢
Cafeteria diet+AEFPIR (400 mg/kg) 26.19+2.58 26.99+2.66 25.49+2.512 24.39+2.41° 22.12+2.18°

All values are expressed as a mean+SEM, n=6. AEFPIR — Aqueous enriched fraction of P. integrifolia root; SEM — Standard error of the mean; P. integrifolia — Premna integrifolia.

2P<0.05; ®P<0.01; °P<0.001 compared with cafeteria diet group
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Table 3: Effect of aqueous enriched fraction of P. integrifolia root on food consumption

Treatment groups

Days and food consumption (g)

1 day 10 day 20 day 30 day 40 day
Cafeteria diet 17.3£1.69 14.1+1.34 12.9+1.25 10.8+1.05 10.1+0.98
Cafeteria diet+simvastatin 18.4+1.79 13.7+£1.28 11.8+£1.13 8.92+0.89° 5.23+0.49°
Cafeteria diet+AEFPIR (200 mg/kg) 17.9+1.74 14.2+1.38 13.9+£1.34 12.1+1.192 8.36+0.83°
Cafeteria diet+AEFPIR (400 mg/kg) 18.2+1.78 13.9+1.29 12.1+1.17 10.2+1.02° 7.31£0.70¢

All values are expressed as a mean+SEM, n=6. AEFPIR — Aqueous enriched fraction of P. integrifolia root; P. integrifolia— Premna integrifolia;, SEM — Standard error of the mean.

aP<0.05; °P<0.01; °P<0.001 compared with cafeteria diet group

Table 4: Effect of aqueous enriched fraction of P. integrifolia root on serum lipid profile

Treatment groups Glucose Triglyceride Total cholesterol HDL LDL VLDL
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Cafeteria diet 95.3+9.1 99.8+9.4 193.9+19.1 26.8+2.4 147.2£14.4 19.9+1.8
Cafeteria diet+simvastatin 74.3+6.9° 71.1£6.9° 171.4416.9¢ 36.6%3.2° 120.6+11.9° 14.2+£1.3°
Cafeteria diet+AEFPIR (200 mg/kg) 79.5%7.6° 76.6£7.4° 178.3+17.6° 30.6%2.9° 132.4+13.1° 15.3£1.5°
Cafeteria diet+AEFPIR (400 mg/kg) 75.947.1¢ 73.37.1° 176.2+£17.4° 35.2+3.3¢ 126.4+12.3¢ 14.6+1.4°

All values are expressed as a mean+SEM, n=6. AEFPIR — Aqueous enriched fraction of P. integrifolia root; HDL — High density lipoprotein; LDL — Low density lipoprotein; VLDL — Very
low density lipoprotein; P. integrifolia— Premna integrifolia; SEM — Standard error of the mean. 2P<0.05; ®P<0.01; ¢P<0.001 compared with cafeteria diet group

may be due to increase the activity of lecithin cholesterol
acyl transferase (An enzyme which incorporates free
cholesterol from LDL into HDL and transfer it back to
VLDL and intermediate density lipoprotein).’” Figure 3
shows the histopathological changes in liver of cafeteria
diet, simvastatin and AEFPIR (200 and 400 mg/kg) treated
groups of mice. The liver section of the cafeteria diet mice
showed fatty changes, i.e., predominantly intracellular
fats deposition [Figure 3a]. Simvastatin treated mice liver
showed sparse microvesicular fatty changes [Figure 3b].
Mice treated with 200 mg/kg AEFPIR showed few
irregular intracellular fat depositions [Figure 3c] and
400 mg/kg treated mice showed thin microvesicular
fatty changes along with restoration of normal
architecture [Figure 3d].

CONCLUSION

Hence, it can be concluded that these observations are
evidence for marked protective effect of AEFPIR against
cafeteria diet induced obesity. Most of the isolated
compounds of P. integrifolia need to explore its reported
pharmacological activities, which provide scope for
further pharmacological studies. Exploration of chemical
constituents and further pharmacological evaluation will
give us basis for its therapeutic use. However, further series
of studies are required to prove its clinical reliability, safety
and efficacy.
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Figure 3: Histopathological assessment of aqueous enriched fraction of
Premna integrifolia root in experimental group of mice; (a) Cafeteria diet
treated mice liver showing fatty changes, i.e., predominantly intracellular
fats deposition (x40); (b) Simvastatin treated mice liver showing sparse
micro-vesicular fatty changes (x40); (c) Mice treated with aqueous enriched
fractions of Premna integrifolia root at dose 200 mg/kg showed few irregular
intracellular fat depositions (x40); (d) 400 mg/kg showed thin micro-vesicular
fatty changes along with restoration of normal architecture (x40)
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