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ABSTRACT

Obesity is a common metabolic disorder and raplgoming a global public health problem in thé'2&ntury.
Millions of adults are diagnosed as obese each .y€herefore, the present study was designed tciigate the
effect of ethanolic extract of fruits of Terminatiallirica (EFTB) on Atherogenic Diet (AD) inducebesity in rats.
Obesity was induced by oral feeding of AD for aiqubiof 45 days. Experimental rats were divided iftgroups
(n=6): Group I: control rats, Group II: obesity ctmol, Group IlI: obesity+500mg/kg body weight ofhanolic

extract of fruits of Terminalia bellirica (EFTB) dnGroup IV: obesity+10mg/kg body weight of Sibutirzan
(standard drug). Body weight gain, feed and watgake, body temperature, BMI, atherogenic indey,(8igan

weight and lipid profile were measured. Continu@gsnministration of ethanolic extract of fruits of rivénalia

bellirica at the dose of 500mg/kg had significapk@.05) effect on the parameters assessed simiahat of

standard drug Sibutramine (10mg/kg). The resulthefpresent study revealed that the ethanolicaekiof fruits of
Terminalia bellirica could be a useful interventiamthe treatment of obesity. Further investigatismeeded to
identify the therapeutic potential and the exactihamism of Terminalia bellirica for the treatmeritabesity.
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INTRODUCTION

Obesity is associated with an array of health mnaisl in adult and pediatric population including abetic
syndrome, hypertension, diabetes and liver dise&sdsiman, adipose tissue represents an activecené organ
that by releasing the large number of bioactive iateds plays an important role in modulating herasist, blood
pressure, lipid and glucose metabolism and inflationalt has been shown that weight loss as modestO %
could significantly improve the risk of several chic diseases [1]. Overweight and obesity are defias an
abnormal or excessive fat accumulation that mayaimipealth. The most common method used to asdessty
and overweight is the body mass index (BMI). BMhisimple, rapid and inexpensive method that caapgpdied
generally to adults and is significantly correlatéith total body fat as well as morbidity and mditya

Now a day the prevalence of obesity is increasingdwide. Numerous diseases are caused due totpbEsese
include type 2 diabetes, hypertension, dyslipidemsighemic heart disease, stroke, obstructive spega, asthma,
nonalcoholic steatohepatitis, gastroesophagealxefisease, degenerative joint diseases, infgralitd polycystic
ovary syndrome; various malignancies and depreg&ioihe primary treatment for obesity is dietiagd physical
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exercise. If this fails, anti-obesity drugs or ®mgis performed to reduce appetite or inhibit &isorption.
Considerable efforts have been devoted to the dsgoof antiobesity drugs worldwide. Despite thenagkable
progress in the management of obesity by synthistigs, there has been a renewed interest in medliplants
because of the side effects of synthetic drugs. diseovery of new drugs from traditional mediciseniot a new
phenomenon. Many Indian medicinal plants are regotb be useful in obesity. However, search for new
antiobesity drugs continues [3].

Terminalia belliricacommonly known as dhandrika in Tamil andb#longs to the family Combrataceae. It is
reported to promote digestive power, wound healingative of ulcers, local swelling, anemia andodiic recurrent
fever. The fruits are purgative, laxative, gastodpctive and are used to alleviate asthma, piles @ugh.
Terminalia belliricahas been reported to exhibit a variety of biologasivities such as anticancer, antimutagenic
and antiviral activityf3]. With this back ground, the present study wesighed to evaluate the antiobesity activity
of the ethanolic extract of fruits dferminalia belliricaon Atherogenic Diet (AD) induced obesity in expegimtal
rats.

EXPERIMENTAL SECTION

Plant material and extract preparation

The fruits of Terminalia bellirica were collected from Velliangiri hills, Coimbatorench duly authenticated by
Botanical Survey of India, TNAU, Coimbatore. Thetantication number is BSI/SRC/5/23/2014/Tech 5Ilite
collected fruits were washed, dried and powderda: fowdered fruits were then subjected to ethamoticaction
by using Soxhlet apparatus.

Experimental animals

Male Wistar rats of 8 — 10 weeks old, weighing 20@00 grams were used for this study were procénad
KMCH college of Pharmacy, Coimbatore, India. Thegrevacclimatized to animal house conditions andais
housed in polypropylene cages at room temperaff®-(30° C) and at 45 - 55% relative humidity 1&@h, each of
dark and light cycle and had free access to drimkiater and fed with standard pellet diet. All aairaxperiments
were carried out in accordance with the guidelioe€PCSEA. The animal ethical committee of theitost gave
its approval to conduct the animal experiments (KEC/Ph.D/128).

Acute toxicity studies

Acute oral toxicity study was performed as per Q@igation for Economical Co-operation and Developien
(OECD) guidelines No0.423. The rats (n=6) selecteddmdom sampling technique were used for the stlitlg
animals were kept fasting overnight prior to dragménistration providing only water. A group of 6ianals was
administered the plant extract in graded doses2¥dikg, 0.5g/kg, 1.0g/kg and 2.0g/kg rat. Animatse observed
individually once during the first 30 minutes aftdosing, periodically for 14 days. Daily once cagide
observations were made which included changesés ayd mucus membrane, skin and fur, respiratacy, tCNS
changes and gross pathological examinations. The selection was performed by taking /10 the lethal dose

(LDs).

Preparation of Atherogenic diet (AD)

Atherogenic diet (AD) is a hypercaloric diet. It svprepared by mixing the following the followinggiedients in
fixed percentage. AD contains (100g): Cholesterdl%, Cholic acid — 1 %, Dalda — 20 %, Coconut-ofl %. The
feed was prepared, dried and administered everyrgaging to 45 days to the experimental animal$ wiaterad
libitum.

Experimental design for antiobesity activities

The male Wistar rat was divided into four groupghveix rats each for each treatment period. Thegnys are as
follows:

Group I: Control

Group II: Rats received atherogenic diet and seagedbese control

Group llI: Rats received atherogenic diet + EFTBQig/kg)

Group IV: Rats received atherogenic diet + Sibuirenf10mg/kg)
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The experiments were carried for 45 days. At the ehthe study period the animals were sacrificédraan
overnight fasting. The blood samples were colleftech the left ventricle and used for the biocheathenalysis.

Body weight of experimental rats
The body weight (gm) of the experimental rats warded on the day one and then every week for¥5using
digital weighing balance.

Feed and water intake of experimental rats
The daily feed and water intake of experimenta vegre measured daily morning for 45 days ofsthdly.

Body temperature of experimental rats
The body temperature of the experimental rats wasrded on the day 45 using rectal telethermontetire and
after drug administration at 30, 60, 90, 120 an@ & with a contact time of 1 minute.

Organ weight of experimental rats
On the final day of the study the animals wereifaed and then the organs like liver, heart, kigngpleen, spleen,
pancreas and intestines were removed, washed alitie sblotted in a filter paper and weighed.

BMI of experimental rats
BMI of the experimental rats were measured befarkadter of the treatment period by the formula:

BMI = body weight (g)/ length(cnT)
Atherogenic index (Al) and protection of experimenal rats
Atherogenic index and percentage protection [4hefexperimental rats were calculated by the uiegollowing

formula:

Serum cholesterol

Artherogenic Index (Al) =
erBm HDL - cholesterol

Al (contyet Al (treated)
% Protection = x 100
Al (control)

Lipid profile
The lipid profile parameters like total cholestei®), triglyceride [6], HDL [7], LDL and VLDL weresvaluated in
the serum of the experimental rats.

Statistical analysis
All the results were expressed as mean of 6 rephca standard error of mean and were analyzedralyais of
Variance (ANOVA). Differences between groups wesasidered significant at p<0.05 level.

RESULTS AND DISCUSSION

Acute toxicity studies

The animals fed with the ethanolic extract of Buf Terminallia belliricawere found to be healthy and safe in the
doses used and there was no mortality upto a do2@0@mg. There was no significant change in theab®ur of
animals like alertness, anxiety, motor activitysttessness, tremors and appearance of animals hgasved. The
oral administration of the extracts did not causetality in all the groups of the study till 14 dagf experimental
periods. The plant extract had no adverse effatitating that the medium lethal dose @gPcould be greater than
2000 mg.

The body weight of the rats was measured beforeadired the treatment periods. The change in bodghtef
control and experimental rats are given in the &dbl
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Table 1. Body weight of experimental rats

Treatment groups Body Weight

Before treatment | After treatment
Control 172+ 12.86 190 +9.34
AD-induced 178+ 9.62 223+5.81
AD + EFTB 171+ 4.7¢ 186+ 4.7t
AD + Sibutramine 176+ 6.28 190+ 3.62

Values are expressed in mean £S.E.M (n=6)

The rats fed with atherogenic diet increased inybwdight significantly from the first week until éhend of the
treatment period while compared to the control. ek rats which received ethanolic extract oftfraif Terminalia
bellirica and standard drug (Sibutramine) underwent a toggeight relative to the initial weight.

In a study conducted by Kameshwaranal [8], the methanolic extracts dfecoma stanshowed significant
reduction in body weight of the Atherogenic Diet{Ainduced obese rats. In another study, the etltaextract of
Saccharum spontaneuneated high fat diet induced obese rats showéghéfisant decrease in body weight [9].

The AD provides more calories than the normal diggulting in a high level of fat storage in theiggididymal
region. It contains high percentage of fat andoisstdered to be one of the factors involved indbeelopment of
obesity, leading to the accumulation of body fate Tadministration of AD for six weeks in the expeental rats
produce obesity like conditions, with increase ¥ weight, parametrial adipose tissue weight, ongaight and
serum lipid levels. The results of the present stuhgests that the body weight reducing effedtwf extract in
atherogenic diet fed rats may be produced due toyjpophagic property.

Feed and water intake of experimental rats
The feed and water intake of all the rats were nregseveryday at the same hour throughout the staumdly
presented in Table 2.

Table 2. Feed and water intake of experimental rats

Treatment Feed intake Water intake
Groups (9/100g per day)| (ml/100g per day)
Control 14.40 +0.44 22.21+1.12
AD-induced 29.80 + 0.65 42,72 +0.39
AD+EFTB 17.72 £0.29 27.90 + 0.62
AD+Sibutramine 18.34 +0.52 27.48 +0.51

Values are expressed in mean £S.E.M (n=6)

The rats which received AD was found to consumeenfieed than the control rats which received thenabfeed.
The caloric content of AD was higher than the ndrfaad. There was a significant (p<0.05) decreasieéd and
water intake in rats administered with ethanolit@ot of fruits ofTerminalia belliricaand Sibutramine.

Patelet al [10] also reported that the oral administratiémmydroalcoholic extract of bark ¢finus sylvestriseduce
the feed intake in the HFD induced obese rats. sthdy done by Adikagt al [11] suggested that the ethanolic
extract ofSaccharum spontaneureduce the feed intake when compared to HFD indobede rats.

The central controllers like NPY and peripheral tcolfers like gut peptides and hormonal signals responsible

for the regulation of appetite. Alteration of thesmtrollers may results in increased appetitehis study obese
control rats showed an increased amount of fe@dtémivhen compared as the normal rats and all ¢lagetd groups.
These results suggesting that the ethanolic extifdctits of Terminaia belliricaplaying a major role in the control
of appetite signals, both centrally and periphgrall

Body temperature of experimental rats

The body temperature of the experimental rats weserded on 45day using rectal digital telethermometer before
and after drug administration at 30, 60, 90, 120 &80 minutes with a contact time of 1 minute amgspnted in
Table 3.
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Table 3. Body temperature before and after drug adnmistration of experimental rats

Treatment groups Before Drug After Drug Administration

Administration 30 min 60 min 90 min 120 min
Control 32.19+0.04 | 32.37+0.04] 3240+0.01 322+0.02 3241015
AD-induced 30.21 +0.03 | 30.22 +0.02] 30.10 +0.02| 30.09 +0.04| 30.11 +0.07
AD+EFTB 31.25+0.0 31.37+0.0¢ | 31.40+0.0 | 31.45+0.0 | 31.53+0.0
AD+Sibutramine 30.78+0.03 | 32.04+0.03| 32.25+0.08 3245+0.04 32.65+0,04

Values are expressed in mean £S.E.M (n=6)

It has been observed that the experimental ratsiviag AD showed a remarkable reduction in rectatyo
temperature evaluated before and after drug adiratien at 0, 30, 60, 90 and 120 minutes. The stahdrug
Sibutramine significantly (p<0.05) increase the yotemperature. Similar effect was found in the ethiz extract
of fruits of Terminalia belliricawhich reverse the effect by increasing the bodypemrature significantly (p<0.05).

In obesity, there will be decrease in the diet oetlithermogenisis, due to decrease in sympathetication of
brown adipose tissue. Neuropeptide-Y (NPY) whichtkgsized in the brain causes increase in foottéraad also
inhibits thermogenisis by reducing sympatheticvation of brown adipose tissue.

BMI of experimental rats

In epidemiological studies, BMI is widely used asaasure of fatness because it is highly correlaitdbody fat
and is nearly independent of height. The BMI of thgperimental rats was taken before and after rbatrhent
periods. The change in BMI of control and experitabrats are tabulated in the Table 4.

Table 4. BMI of experimental rats

Treatment Before After
Groups Treatment | Treatment
Control 1.49£0.07] 1.52+0.06
AD-induced 1.43+0.04 164+0.1p
AD+EFTB 1.44 £0.05 1.47 +0.0%
AD+Sibutraminc | 1.53+0.0. | 1.60+0.0:

Values are expressed in mean +S.E.M (n=6)

A significant increase in BMI was observed in theugrof rats fed with AD after 45 days as compareddomal
control rats. The rats treatment with sibutramimeeodaily for 45 days significantly (p<0.05) decedhe BMI
when compared with obese control rats, whereasdhg&nuous oral administration of the ethanolic&at of fruits
of Terminalia belliricafor 45 days results reduction in the BMI rate.

Our results were agreed with that of Suneethal. [12], who reported that the supplementation vaittnethanolic
extract ofSapindus emariganatusgnificantly (p<0.05) decrease the BMI when coneplawith obese control rats.
Garg and Singh [2], showed that the aqueous arahelic extracts oAegle marmelogeduces the BMI in the High
Fat Diet induced obese rats.

Effect on organs weight of experimental rats
On the final day of the study, the major organe liker, heart, kidney, spleen, pancreas and intestere
removed and weighed. The change in organ weightre@sted in Table 5.

Table 5: Organ weight of experimental rats

Treatment Internal Organs (g)
Groups Liver Heart Kidney Spleen Pancreas Intestine
Contro 7.24+0.0 | 1.18+0.0. | 1.06+0.0: | 1.12+0.01 | 0.42+0.1. | 551+ 0.4
AD-induced 945+0.09 1.70+0.04 130+0.p2 HIMO3| 0.47+0.0] 7.62+0.18
AD+EFTB 7.78+0.04] 1.24+0.02 1.08+0.03 1.1@.84| 0.35+0.01] 6.35+0.1B8
AD+Sibutramine| 7.87+0.07 1.27+0.03 1.11+0.p1.161+0.05| 0.34+0.04 6.63+0.04

Values are expressed in mean +S.E.M (n=6)

From the table 5, it was clear that the weightshefinternal organs like liver, heart, kidney, smiepancreas and
intestine were increased significantly (p<0.05AD-induced obese rats when compared with normal Ethanolic
extract of fruits ofTerminalia bellirica treated rats significantly (p<0.05) reduced the gheiof organs when
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compared with their respective control group ofr&ixperimental rats which received sibutramineglwith the
feed significantly (p<0.05) reversed all the effeictduced by AD.

Obesity is associated with the increased adipgsadi accumulation in the abdominal region leadmtimcrease in
body weight, parametrial adipose tissue weight arghn weight. These results suggested that ratsvigd AD
supplemented daily with ethanolic extract of friafsTerminalia belliricahad anti-obesity effect, which suppresses
the accumulation of adipose tissue and organ wejgin. This decrease in body fat percentage accoiegpdy the
reduction in body fat mass strongly supports th@hasity effect ofTerminalia bellirica.

Atherogenic Index (Al) and protection of experimenal rats
The atherogenic index and protection of the expental rats against CVD was evaluated in all thatinent groups
and tabulated in Table 6.

Table 6: Atherogenic index (Al) and protection of @perimental rats

Treatment Al Protection
Groups (%)
Control 2.00+0.14 -
AD-induced 12.95+0.34 -
AD+EFTB 3.08 +0.33 76
AD+Sibutramine| 3.45+0.20 73

Values are expressed in mean +S.E.M (n=6)

The table 6 clearly indicates that there was aifsigimt (p<0.05) increase in the atherogenic inderats fed with
atherogenic diet when compared to control ratsaffment with ethanolic extract of fruits derminalia bellirica
and standard drug sibutramine significantly (p<®.@gduced the atherogenic index. The drugs andt g=mact
treated groups of rats increased in percentageotégtion to CVD.

The findings of Saikia and Lama [13] are in agreenhweith our study, who stated that the leave8aofigainvillea
spectabiliswere able to reduce the atherogenic index in th® lthduced obese rats. The methanolic extract of
leaves ofMoringa oleiferaeffectively reduces the antherogenic index andeiased in percentage of protection
against CVD [14].

Atherogenic index is the powerful indicator of thigk of heart disease: the higher the value, tighdi the risk of
developing cardiovascular disease &im versaln this study, it was observed that the ethanafittact of fruits of
Terminalia bellirica significantly reduced atherogenic index, indicatittge protection against cardiovascular
diseases.

Lipid profile of experimental rats

Abnormalities in lipid profile are one of the mastmmon complications in diabetes mellitus and dbeEiffect of
ethanolic extracts of fruits dferminalia belliricaon serum lipid profile of diabetic, obese and olésdeetic rats
was determined and the results are tabulated ifiabée 7.

Table 7: Lipid profile of experimental rats

Treatment Total Triglycerides HDL- C LDL-C VLDL-C
Cholesterol
groups (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 91.67 £3.51 64.00 + 5.57 46.00+2.p0 328.87 128+1.11
AD-induced 325.67 + 5.86 121.67 £6.91 25.17 +1|0276.17 + 4.82| 24.33+1.3D
AD+EFTB 132.67+4.73 68.00+4.58 43.33+3.p6 735:8.22 | 13.60+0.97
AD+Sibutramin: | 138.67 +8.3 | 63.33+4.5 | 40.33+35 | 85.67+6.6 | 12.67+0.9

Values are expressed in mean +S.E.M (n=6)

Table 7 clearly indicates that the elevated lewdlserum lipid profile except HDL-C was observedtlire AD-
induced obese rats when compared with control ramal administration of ethanolic extract of feudf Terminalia
bellirica and sibutramine for 45days to obese rats showedn#isant decrease in the levels of total choleste
triglyceride, LDL and VLDL when compared with theaspective controls. Similarly the HDL-C level wasind to
be decreased in obese rats whereas the ethantrhcteof fruits ofTerminalia belliricaand sibutramine treated rats
showed a significant increase in the levels of HDlwhen compared with their respective controls.
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Kanthlal et al. [15] reported that the serum cholesterol, trighde, LDL and VLDL cholesterol levels were
significantly higher in the AD-induced rats compate those with the normal rats, while HDL-C lewals found to
be decreased in the AD-induced rats. On treatméifit iabernamontana divaricatéo the AD-induced rats, a
significant reduction in serum total cholesteroDU-C, VLDL-C and triglyceride and a significant irase in
HDL-C were observed.

In the obese condition, there will be an increassarum lipids, such as total cholesterol (TCylyderides (TG),
LDL-C and VLDL-C was observed in humans and alsedaiction in HDL-C levels. Lipids are mostly consedrin
the form of neutral fats, which are also knownragytcerides (TG). TGs form major constituents @god of animal
origin and less in food of plant origin. Saturafets increase blood cholesterol and thereby inerghs risk of
atherosclerosis and coronary heart diseases, abhdipoprotein metabolism, obesity, insulin resmsta and
diabetes mellitus [8].

CONCLUSION

To conclude, the results of the present study degithat the oral administration of the ethanokttact (500mg/kg)
of fruits of Terminalia belliricais effective in reducing body weight, lipid paraewst and organ weight when
compared to AD induced control rats. Hence, thétsraf Terminalia belliricacan be potentially used in the
treatment of obesity. However, further studiesrarplired to elucidate the antiobesity effect§ efminalia bellirica
and to identify the active components responsittete above activities.
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