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ABSTRACT

Background:

Disorders like obesity, diabetes mellitus (DM), lgyislemia and hypertension are
grouped under metabolic syndrome (MS) with compégology, multifactorial
pathogenesis and require prophylactic and therapedé¢rventions. In our traditional
knowledge and Indian civilizations, different hdrib@edicines have been advocated
for DM. It is notable thatTerminalia arjuna (TA) utilized in dyslipidemia,
hyperglycemia, malignancy, high blood pressure ahgpercholesterolemia.
Arjunarishta (AA) and Arjun Ghritah (AG) are hyditocaholic and ghee based
formulation of TA respectively. These ayurvedic meates were used to treat a lipid
and cardiovascular disorders. Herbs are takentivétbelief that they are helpful and
safe in reducing side and adverse effects of pgpgsnr drugs. This leads to increased
incidences of herb-drug interactions (HDIs). Asqdde gaps present in the literature
about the molecular mechanism, and HDIs, more reBestudy in this direction is

required to cover the essential issues.

Objectives:

The objective of the study was to assess the mialeowechanism and HDI of hydro

alcoholic TA extract (TAHA) of bark and its ayurvedormulations in MS

Methodology:

Phytochemical characterisation of arjunetin andraggnin in TAHA, AA, and AG
was performed using RP-HPLC-PDA method. High-fat ded intrauterine growth
restriction rats were treated with TAHA, AA, metfion (MET), and AG for 3

months. Oral glucose tolerance test and blood keiwmisiry were performed in all the

Xii



groups. Effect of these drugs on the different gexgression was studied in liver
tissue using Real-time PCR. The screening of TAWA,and AG was performed in
adipocyte differentiation anieh vitro a-amylase and Dipeptidyl Peptidase-4 inhibitory
enzyme assays. For HDI study, oral administratibrifTAHA, AA, and AG was
carried out for seven days followed by co-admiatstn of MET till fifteen days.
MET plasma PK parameters were measured on thehedgyt. PD parameters were

measured on the fifteenth day.

Results:

The phytochemically standardised interventions 8HA, AA and AG could be
involved in a partial improvement of body weightygrovement in glucose uptake
and lipid compositions in the HFD fed rats. The gilole proposed mechanism of
action of TAHA, AA, and AG was through inflammatoigbesogenic, insulin-related,
energy expenditure related, lipid and carbohydnag¢abolism-related genes. TAHA
also exhibited its hypoglycemic activity mediatddough theo-amylase enzyme
inhibition assay. The HDI study evidenced thatisbdtic experimental condition, the
effect of concomitant administration of TAHA+MET diAG+MET for seven days
proved in beneficial PD interaction contributing tmetter antihyperlipidemic,
antihyperglycemic activity and histological changedissues without affecting PK

parameters of MET.

Conclusion:

This study has shown that the functional aspectsp@@iotropic actions of TAHA,
AA and AG, especially in MS. The effect of concoamt administration of TAHA
and AG with MET proved in beneficial PD interactiomithout affecting PK

parameters of MET in diabetic experimental conditio
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‘MOLECULAR MECHANISM AND HERB DRUG INTERACTION OF
HYDRO-ALCOHOLIC EXTRACT OF TERMINALIA ARJUNA BARK AND

ITS AYURVEDIC FORMULATIONS IN METABOLIC SYNDROME”

1. INTRODUCTION
1.1 Background
Disorders like obesity, diabetes mellitus (DM), lihisemia and hypertension are
grouped under metabolic syndrome (MS) with compégiology, multifactorial
pathogenesis and require prophylactic and therapiérventions. In our traditional
knowledge and Indian civilizations, different hdrbaedicines in various oral
formulations have been advocated for DM and cladisure are on record [1]. It is
notable that natural plant-like, Arjuna Barke{minalia arjuna [TA]) utilized in
dyslipidemia, hyperglycemia, malignancy, high bloodressure (BP) and
hypercholesterolemia.
As the modern drugs to treat DM have many sidectffehe focus has been shifted to
herbal drugs due to their safety, efficacy, minirsale effects and low cost [2].
Traditional medicines (TM) came from plants reprgsa significant part in the
treatment of DM [3]. In last decade, Mankil etlave surveyed various herbal plants

utilized in experimental and clinical anti-diabeskuidies in TM [4].

Kumar et al. (2009) represented that the TA bartkaek significantly reduced the
isoprenaline-induced oxidative stress and fibrbsis unable to reduced the increase
in the ratio of heart and body weight indicating @n prevent changes in myocardial
induced due to beta-adrenoreceptor activationAd¢ording to Sinha et al. 2008, TA
ethanolic extract protects NaF-activated oxidatsteess in murine hearts, via

antioxidant properties [6]. Raghavan and Kumari@@8&presented that the ethanolic
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extract of TA represents the antidiabetic and amdent effect in diabetic animals [7].
Shailaa et al. 1998 found hypolipidemic and artieabgenic activity of TA in rabbits
[8]. Based on clinical trial evidence, the drugssidered as cardioprotective and not
as cardiotonic. Its antianginal effect and usedlifferent risk factors modification
(like obesity, high BP and sugar) open up significahances in prevention of
ischemic heart disease (IHD) [9-14].

There is enhancing the use of complementary aretnalive medicines with a
prevalent form of herbs in several chronic condsidike cancer, DM and arthritis.
Herbs are taken with the belief that they are helphd safe in reducing side and
adverse effects of prescription drugs. This leadsi¢reased incidences of herb-drug
(HDIs) interactions [15]. Evidence-based reseamchintegrative use of herbs with
prescription drugs lacks detection, assessmenfpeauention of adverse events and
drug interactions associated with herbal drugs.séh@e due to inherent complex
physicochemical nature, lack of quality control &arsdardization, absence of
pharmacokinetic data on active constituents frombdledrugs and unawareness &
lack of education among the healthcare systemsawabks in analytical technology
have worked it possible to predict clinically redew pharmacokinetic (PK) drug
interactions established on a few numberaoifivo andin vitro studies [16]. Recent
advances in analytical techniques like HPLC-PDA,-BS, HPLC-MS/MS, and
HPLC-MS-NMR has shown useful role in quality cohtrand chemical
standardization, estimation of concentration of ldverapeutic index prescription
drugs in biological fluids such as plasma and ugte and in PK evaluation studies
on constituents from herbal drugs [17-19]. Docuragoh and reporting of HDI
studies are of importance to physician, patients @marmacists for rationalization of

the combination therapy. Several international l&guy agencies such as the WHO,
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USFDA, EMA and Australian Regulatory Guidelines fdomplementary Medicines

[20-22] recommend and advice such studies durimg htrbal drug development
stage. Such studies on traditional western herleglicmes, chinese herbal medicines,
Kampo, Cuba and African herbal medicines are abiglaFor examples, Ginger,

Garlic, Gingko, St. John wort's, has been studigdnrsively for their PK as well as

pharmacodynamic (PD) interactions [23, 24].

DM is a chronic disease in the metabolism of caydodtes, proteins, and fats
beacause of a relative or absolute lack of inssdioretion with/without a diverging

degree of insulin resistance (IR). The countriée lindia, China and the US are
considered as the most significant number of DMepét and will remain the same in
the year 2025 [25]. DM is associated with multia@l pathogenicity, demands a
multi-modal therapeutic approach. Among multimodpproaches, the use of herbs
alone or along with conventional drug is consideagdattractive approach for the
treatment of DM [26]. The use of such combinatiorects to PK/PD interactions

with conventional drug and may lead to benefigab-therapeutic and/or toxic effect.
Such combination therapies need to be tested #r terb-herb and HDI in early

development phase [27]. Traditional Chinese medgifTCM), western herbal

medicines and Japanese Kampo medicines have bediedstfor their PK and PD

interactions with conventionally used oral hypoglytc [28, 29]. Sho-Saiko-to (Xiao

Chai Hu Tang), a primary Chinese traditional pohga¢ medicine has been

frequently prescribed with other conventional drigs the treatment of different

chronic or acute diseases in Japan. Nishimurat &l. eeported beneficial PK and PD
interaction of Sho-Saiko-to with tolbutamide, ohglpoglycemic when administered
concomitantly. Sho-Saiko-to reported to enhanceaisorption and potentiate the

hypoglycemic effect of tolbutamide [30]. Anotheudy on a hydroalcoholic extract
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of Cassia auriculata, Ayurvedic herbal medicine by Puranik et al. shdwe
concomitant administration with metformin (MET) do@ot have significant PK
interactions [31]. It has been suggested thadsia auriculata is safe to take with

MET during diabetic treatment.

According to the classical references from AyuryedlA bark and its traditional
formulations have been used in cardiovascular dessr(CVD), hyperlipidemia and
DM. It is supposed to promote better cardiac furctiwith hypotensive and
cholesterol-lowering effects. Therefore, we havanpked this work to study the
effects and molecular mechanism of TA hydro-alcmheixtract (TAHA) and its
formulation on a cluster of symptoms of metabolisodders like hypertension, IR
(type 2 DM), obesity, dyslipidemia, hypertriglyagemia and find out its molecular
mechanism. These medicines are also likely to kentalong with prescription anti-
diabetic drugs like MET and glibenclamide. Therefdhis work has been undertaken
to evaluate pharmacological interactions of thevakselected formulations with

MET, first line oral hypoglycemic in the normal adbetic animal model.

MS enhances the possibility of diabetes, coronaarthdisease (CHD), and stroke. In
CHD condition, a plaque is developed inside th@wiary arteries. This plaque blocks
the arteries resulted into the decreasing blooglgue the heart muscle and may

cause a heart attack, or death [32].

1.1.1. Metabolic Risk Factors (MRF)
The 5 conditions mentioned here are possible MR¥EeRt with at least three MRF

diagnosed considered with MS [32].
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1.1.1.1 Overview

The risk for cardiac disease, DM, and stroke mayeiase due to several metabolic
factors. The MS is connected to overweight, obesityl a lack of exercise. IR may
increase the risk of MS. IR can lead to hyperglyieeand obesity. Other various

factors responsible for MS cause are genetics kit age [32].

1.1.1.2 Outlook
MS is becoming more common because of an increaadiposity in adults. MS may
become main MRF for heart disease in the future.véy be delay or prevent with

possible changes in lifestyle [32].

1.1.1.3 Causes

MS has various causes that act together. The patian control few causes
(overweight and obesity, an inactive lifestyle, dRj, cannot control few factors
(growing older, genetics). Patients who have MSehather pathological conditions:

inflammation and more blood clotting in the bod®].3

1.1.1.4 Risk Factors

Patients at most considerable risk for MS have atfidal obesity, an inactive lifestyle
and IR. Few patients are at MS risk because mexigmescribed to treat allergies,
HIV, and mental illness causes obesity, hypertensitnyperglycemia and

hypercholesteremia.

1.1.1.5 Populations affected
Few ethnic and racial population in US are at gmeaisk for MS than others.
Mexican Americans have the higher rate of MS oaucea followed by blacks and

whites [32, 33]. Other populations at enhanced fiaskMS include a personal history
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of DM, a parent or sibling who has DM and womenhwibe polycystic ovarian

syndrome.

1.1.1.6 CHD Risk
MS related and other than MS related factors adlspeases the risk of CHD. Such as,

smoking and a low-density lipoprotein (LDL) ("badaholesterol level [32].

1.1.1.7 Screening and Prevention
Patient must adopt heart-healthy lifestyle changed routine health check up to

prevent MS [32, 33].

1.1.1.8 Signs and Symptoms

MS is a bundle of MRF that increases the risk fefDCand other complications, like
DM and stroke. Many MRF have no indications, wlaléarge waist is a clear sign.
Few patients may have indications of T2DM. Symptarh$yperglycemia include
enhanced urination, thirst, especially at fatigoight; and blurred vision. High BP

may have often nosebleeds than usual or mild hbadd83]

1.1.1.9 Diagnosis

1.1.1.9.1 MRF

1.1.1.9.1.1 A Waistline:

A waistline measure ot 40 inches for men o 35 inches for women is a MRF. A

visible waist means patients are at risk for CHQ ather complications [33].

1.1.1.9.1.2 A High Triglycerides (TG) Level:

A TG level of> 150 mg/dL is a MRF [34].
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1.1.1.9.1.3 A Low HDL-C Level:
An HDL-C concentration ok 40 mg/dL for individual men and 50 mg/dL for

individual women is a MRF [33, 34].

1.1.1.10 High BP:
A BP of > 130/85 mmHg is a MRF. If only 1 of 2 BBmbers are high, a patient still

at risk for MS. [34].

1.1.1.11 High Fasting Blood Sugar (FBS)
An FBS level range between 100-125 mg/dL is knowpradiabetes. An FBS level
of >126 mg/dL is considered DM. An FBS level=f00 mg/dL is a MRF. About 85

per cent of T2DM patient has MS [35].

1.1.2. Definitions and Epidemiology

1.1.2.1 Definitions

The diabetes WHO consultation group defined MShaspresence of IR (impaired
FBS and glucose tolerance, or T2DM) with two othesk factors: obesity,

hypertension, hyperlipidemia, or microalbuminungld98 [32].

1.1.2.2Gender and epidemiology differences in MS

There is an extensive difference in prevalencehenbiasis of race/ethnicity, gender,
age, and the standards used for disease diagMBisnpacts a 8 of the US peoples

and about a one-fourth of the Europe peoples. Seagh Asian population has a
lesser MS prevalence but nowadays is increasirggthke western world population.
[36]. There are also race-and gender-based vargatioMS [37]. The MS prevalence
in Hispanic women is 26% higher than men and 57&héi in African-American

women than men. Among the cluster of diseases qfIRI$ more usual in Hispanics
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peoples, high BP in African-Americans peoples, dngberlipidemia in Whites
peoples [38]. An analysis by Miller et al calcuthtéat 10.1% of US adolescents have

MS prevalence [39].

1.1.2.3 Pathophysiology
MS is a disease having inflammation, IR, adiposdyslipidemia, elevated BP,

endothelial dysfunction, and chronic stress (figlu.

I Over Eating I I YPhysical Activity I
N

I Visceral Adiposity I

Adipokines  TNF I TFree Fatty Acids ]
¢ Leptin T iL-6
JAdiponectin) * CRP
T ROS {Fibrinogen L Glucose
LOX Activation uptake

\ ‘ RAAS JInsulin =7
Activation ‘<;/

TGluconeogenesis
Neurohumoral L T Lipogenesis
activation Insulin Mriglycerides

) Chronic- resistance
inflammation

Figure 1.1. Pathophysiological mechanisms in MS. AT2, angidterns type 2
receptor; IL-6, interleukin 6; CRP, C-reactive miot RAAS, renin-angiotensin-
aldosterone system; LOX, lectin-like oxidized loengity lipoprotein; ROS, reactive

oxygen species; TNF, tumor necrosis factor

1.1.2.4 Abdominal Obesity

Adipose tissue is a group of cells that can chamyesto nutrient excess through
adipocytes hyperplasia and hypertrophy. Due toesme in adipocytes size and
obesity, the blood flow to it may be decreased withsequent hypoxia. It leads to a

secretion of adipocytokines. And due to that infiaation in adipose tissue
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propagates in systemic inflammation which is resgada for comorbidities in

obesity.

1.1.2.5 Free Fatty Acids (FFA)
Adipocytes produce a maximum quantity of FFA, whieads to the fat aggregation
in obesity. These FFA induces IR and impairs a paatc S-cell function in skeletal

muscle and pancreas during acute and chronic exposspectively [41].

1.1.2.6 TNFa

It is an intermediator in adipocytes, which deceedbe insulin sensitivity in
adipocytes. TNFx inhibits insulin receptor substrate-1 (IRS-1) aadipocytes
apoptosis which leads to IR. ThiRs positively related with TGs, and body weight,

while, a negatively associated with HDL cholest¢4Q].

1.1.2.7 CRP

Elevated CRP levels are related with increasedBIR|, and hyperglycemia. It is
increased in obese IR patients and decreased 8eobsulin-sensitive patients. Also,
it has been represented that in the MS patienyyromece of the CVD events mainly

predicted on the basis of CRP [43].

1.1.2.81IL-6
It is released through skeletal muscle and adipesie in humans [44]. It is
decreased lipoprotein lipase activity. IL-6 is piogly related with insulin in fasted

condition, BMI, and T2DM development. It is negatirelated with HDL [45].

1.1.2.9 PAI-1
PAI-1 exerts its action through the tissue plasméroactivator (tPA) inhibition [46]

which is known marker for atherothrombosis and imggh fibrinolysis. PAI-1 is
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enhanced in inflammatory states and obese subjduis, increasing the risk of

adverse cardiovascular outcomes and intravasduiambus [47].

1.1.2.10 Adiponectin

Adiponectin regulates the increase in the insudimsgtivity, body weight, food intake,
lipid and glucose metabolism. It also protects astachronic inflammation. It raises
fatty acid oxidation and glucose transport in mesgi8]. It is negatively linked with
CVD features like BP, LDL-C, and TGs. Moreover, bggdiponectinemia is related
with IR, hyperinsulinemia that may be responsiblei2DM development without fat

mass [49].

1.1.2.11 Leptin

Leptin is required in the energy intake and satretyulation. Plasma leptin decline in
weight loss and increase during the developmeibesity. Resistance of leptin is a
main pathological condition in obesity [50, 51].€Tleptin concentration is associated

with hyperleptinemia and adiposity [52].

1.1.2.12 IR

IR is known as a pathological condition in whiclsufin do not develop a normal
insulin response in the peripheral target tissuekthe pancreatic beta cell secretes
more insulin to overcome the hyperglycemia. Thigpkasizing of some actions of
insulin related to the resistance with other imswactions results in the clinical MS
manifestations [53]. Abdominal subcutaneous fat\aaderal fat contributed to IR, an
abdominal obesity associated strongly with the Rl ghe MS than lower body

obesity [54].
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1.1.2.13 Dyslipidemia
It is defined by lipid abnormalities of atherogerlipoproteins, which include

decreased HDL, increased apolipoprotein B (apoBs &nd LDL [55].

1.1.2.14 Hypertension

Hypertension is linked with different metabolic aliders, like adiposity, impaired
glucose tolerance, and hyperlipidemia. Studies imeeadtl that both hyperinsulinemia
and hyperglycemia stimulate the Renin-angiotengstesn (RAS) enhancing, which

may responsible to the high BP development witimIBatients [56].

1.1.2.15 Glucocorticoid (GC) Action and Chronic Stess

The cortisol is the stress mediator, which may boute to the visceral fat
accumulation[57]. GCs activates the enzymes required in FA lsgis and
gluconeogenic pathway; lipoprotein secretion; défgiation ofpreadipocytes; and
lipolysis or lipid oxidation whichassociated with IR [58]. These hormonal defects
lead to hypersecretion of insulin, obesity, andtgpenia, leading to hyperlipidemia,

high BP, and T2DM [59].

1.1.2.16 Prevalence

MS prevalence is experience a prominent populaaraen in different part of the
world [60]. From few decades, obese U.S. adult® hareased adiposity, and ethnic
differences in waist circumferencand BMI have observed. BMI and waist
circumference enhanced linearly, but irwomen, waistline enhancedt more
percentile[61]. The age-adjusteMS prevalence in the US is around 40%he
highest MS prevalence in the US was discoveneldetween Mexican Americans in

the NHANE Survey, 1988-1994 [62].
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1.1.2.17 Treatment available
Healthy-heart lifestyle modification are th& line of MS treatment. If these changes
are not enough, then doctor may prescribe drugsgfare used to control and treat

diseases, like hypertension, hypertriglyceriderygerlipidemia, and hyperglycemia.

1.1.2.17.1 Treatment Goals
The main goal of MS treatment is to decrease th® Cisk. The first treatment is
directed to lower LDL-C, high BP and managing DMeTother goal of treatment is

to stop the T2DM onset [62].

1.1.2.17.2 Healthy-Heart Lifestyle Modifications
Healthy-heart lifestyle modifications include eatihealthy food, physical activity,

quitting smoking, managing stress and weight.

1.1.2.17.3 Medicines

Sometimes lifestyle modification is not enough éstrain the MS risk factors. The
doctor may begin statin treatment with patient wias an increased risk of CHD
development or have a stroke. The doctor also nmagcpbe other medications to
reduce the chance of heart attack, hypotensiowepteblood clot formation, which

may result into a stroke or heart attack and redue€CHD symptoms.

1.1.2.18Nutraceuticals in the management of MS
Dietary additives, which provide primary nutritidnaalue with health benefits, are
known asnutraceuticals. Several natural compounidsived from plant extracts,

herbs, spices, areksential oils have represented usefulness iM&management.
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1.1.2.19Curcumin
Curcumin is well known for antioxidative and amffammatory effect. It has

illustrated toinhibit NF-kB activation by a decreased in the ThdBEnd PAI-1 [63].

1.1.2.20Garlic

Garlic usually used condiment, is known for antithbotic and antioxidant activities.
Reinhart et al, in 29 placebo-controlled trialsressgnted the garlic intake lowers TC
and TG levels. Padiya et al, demonstrated thatcgmnlproved insulin sensitivity in
diabetic rats. However, Gomez- Arbelaez et al, tbtire effect of 12 week old garlic

extract on adiponectin concentrations in peoplé M8 [64].

1.1.2.21Neem
Neem known afAzadirachta indica. Neem extract enhanced glucose tolerance by

decreasing pancreatic and intestinal glucosiddsetdb5].

1.1.2.22Resveratrol

Resveratrol is a polyphenolic compound found inn{dalike nuts and grapes. It
activates the sirtuin molecular pathway, resporsibl various cellular functions of

oxidation, metabolism, and ageing. It also showstdaable effects on adipogenesis,

lipolysis, and cyclooxygenase [66].

1.1.2.23Sulforaphane

Sulforaphane is extracted fromrassica family plants like broccoli, has shown
beneficial effects in MS, becuase of its anti-inflaatory and antioxidant effects.
Various studies have represented a effect of aapfuane in several disorders like

hyperlipidemia, high BP, and DM, all critical commemnts of MS [67].
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1.1.3 Need for new treatment and for that herbal and Ayuweda product
exploration

Research is the prime need of contemporary Ayurvedé modern research on
Ayurveda has not been advantageous for Ayurveeé#.itdluch of it uses Ayurveda
to extend modern bioscience. In contrast, Ayurveeeds research designed to test
and validate its fundamental concepts as well agrdatments. In this context, if
Ayurveda is to be truly explored and validated Ihis aspects, scientific inputs
should conform to Ayurveda's principles and phifgsno While its evidence base,
established since antiquity, may need further i\gaiion, research should now focus
on the Science of Ayurveda, rather than merely iltpkor new drugs based on

Ayurveda herbals; in-depth research is needed amyla [68].

1.1.4 The Spectrum of Evidence-Base

One should not believe that Ayurvedic medicine hasevidence-base. Ever since
antiquity, All theory and practice of Ayurveda hadween evidence-based, in its time
frame of course. Like any other branch of traditiloor modern knowledge, Ayurveda

may need to obtain new evidence from time to time.

The WHO has expressed similar views related tccthieal issues in the assessment
of therapeutic effects are standardization of distjo criteria, clinical epidemiology
for clinical research, a systematic review of htere on clinical research, and clinical
trials to assess safety and efficacy. Cross-ndti@valuations using standard
protocols have been suggested by individual scieactvists from a global
perspective, while that does not appear to be sacgsWe have to prove the

evidence using critical evaluation of informationorh completed studies and
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systematic reviews. Research in regular practictinge and the reverse

pharmacology approach seem to be correct strategaxient medicinal research.

However, then, one cannot help pointing out theflmtimg attitudes of different
regulatory agencies in various countries. As per@ommittee of Herbal Medicinal
Products regulation for registration of herbalraditional medicines in Europe, "The
principle behind the actual registration procedsré&é enable medicines which have
been in extended standing traditional use to béstesgd because their safety and

efficacy can be deduced from their extended stanadse [68].

1.1.5 Emerging issues and the sectorial concerns

Ongoing research is progressed in such a way tt&bf more appreciate to modern
medicine than Ayurveda. Ayurvedic research outcoha& not yet filtered down to
professional use. Inadequacies in available regryldaws are also proving a barrier
because various formulations and drugs developedgh new research have no drug
status, specifically for Ayurvedic physicians. Ftample, Sarpagandha has known
the ayurvedic drug, but reserpine isolated fromp&gandha is coming under
allopathic drugs. Hence, such research is of ndaifeem. The recent paradigm shift
demands research initiatives in the science of ¥ada including exploration of more
recent approaches and methodologies of therapeesiearch, in order to enrich

Ayurveda as it is and to benefit Ayurvedic praotirs [69].

There must be some procedures and techniques lgzarthese drugs (extracts or
formulations) for their composition and strengtius, there is a need to ensure the

standard quality of Ayurvedic products [69].
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1.151TA

TA has been utilized as a cardioprotective ageqdt fan the treatment of different
human ailment to maintain good health. The ext@cTA bark has role as an
acardiac stimulant for beneficial activity in angjn.e., "hritshool", and is specified in
the treatment of atherosclerosis, hypercholesteraleand heart failure [68].

Traditionally the bark powder of the stem is prés= in the form of asava ayurvedic
formulation (an alcoholic decoction) or given alomigh ghrita ayurvedic formulation

(clarified butter) or kshirpak ayurvedic formulati¢along with boiled milk) [69].

Figure 1.2. TA-bark Flat pieces regular (left). (right: Pictugeurce -
http://www.kisalayaherbals.net/terminalia-arjunakha561916.html)

Figure 1.3.The bark is thin, shiny, smooth, and greenish-@r@y outside (right:
Picture source - http://www.kisalayaherbals.natfiaalia-arjuna-bark-1561916.html)
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TA is described to possess potent hypolipidemidvitiels beacuase of saponin
glycosides that is responsible for inotropic effecivhereas the flavonoids may
support vascular strengthening as well as antioxidativity, therefore showing the
multiple effects of this herbal plant [70]. Herbalants have an important part in
health care and are the primary source of raw magtefor conventional and
traditional medicine manufacturing [71]. They gdteation due to unavailability of
current medical alternatives, their effectivenesstural preferences and rising cost of
allopathic medicines [72, 73]. The ethnobotaniets were utilized to recognise the
herbal plants as an food [74], medicines for huimgadth care [75], and medicines for
animals [76] and important for economy [77]. Theportance of traditional
knowledge system has elaborated in view with sogbdé growth, protection, and
search for novel utilization ways of plant resosr¢ed]. As per WHO, in the world,
almost 80% of the people depends on traditionaliomezland 60% of the rural Indian
population use herbal medicines [78]. During théesatle, the utilization of herbal
supplements enhanced from 2.5% to 12% [79-81]hénancient India, herbal plants
were utilised as an excellent source for differénigs and to treat various critical
disorders. Ayurveda, Siddha, Unani systems areptré of the Indian traditional
medicine. Herbal medicinal drugs are easily avélatheap, safe, effective and have
infrequent adverse effects. The assessment of mebahdrugs, has opened a huge
area for research and making a changeover frontitraal to modern world medicine
[82-85].

1.1.6TAHA and Ayurvedic formulation (Arjunarishta and Ar juna ghrita)

TA and its ayurvedic formulations were used foridiabetic and cardiotonic
activities from ancient times. Various clinical diiegs have investigated its effect in

angina, CHD, hypercholesterolemia and heart failliree other researchers provided
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evidence for the beneficial effect of TAHA to thhedtment of DM in diabetic animals

[86-88].

In Ayurveda, ancient hydroalcoholic Ayurvedic foration Arjunarishta (AA) is
utilized for the treatment of CVD. It strengthemslanourishes the heart muscle and
encourages cardiac functioning by regulating chietes and blood pressure [89].
Arjun ghrita (AG) is also mentioned in Ayurveda sdacs for all types of Hridroga

[90].

1.1.7Need of HPLC characterisation

Characterisation is an essential aspect for thelitguaf herbal formulations
containing multiple ingradients or Ayurvedic formatibns. In general, two
approached ways were used in the standardizatioe. &proached is fingerprint
analysis usiing HPLC and/or HPTLC method and othpproach is individual
phytochemical markers quantitation. It assures ¢basistent quality of herbal
formulations. A scientific characterisation and idation (quantitation of active
constituents, chromatographic fingerprinting) iguieed for quality control and

assurance purposes as there might be variatidreimanufacturing process [91].

1.1.8 Animal model for MS
MS consists of various pathological conditions taaticipate the risk for CVD. The

risk of MS depends on the environmental and gerf@tiors in humans [92].

1.1.8.1 Diet-induced MS animal models
There were various dietary approaches reportedifdrinduction in animals. They
have covered the single or a combination of dikts, high-sucrose, high-fructose,

high-fat, high-fructose/high-fat, or high-sucrosglfat diets. Several studies
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investigated MS as diet affects whole-body metaiooliThe most usually utilized
animal strains in diet-induced MS animal modelslude Wistar rats, Sprague-
Dawley rats, intra-uterine growth retarded ratsld@on Syrian Hamster and C57BL/6

J mice [92].

1.1.8.2 Fat-enriched diet
Fats are most calorically dense and one of theetma&ain macronutrients. The
lipotoxicity concept is the standard norms obsemvethe various diets result in the

MS development.

1.1.8.3 MS Genetic animal models

Genetic animal MS models are examine the MS patiexie influenced by genetic

factors. These MS genetic animal models are timegas compared to diet-induced
MS animal models. Primitively, leptin- or leptincegptor-deficient rodent animal

models are utilized as diabetic and obese expetahganetic models. Various rodent
models are developed, like leptin receptor-deficard leptin-deficient mice; Zucker

diabetic fatty, Zucker fatty, Goto-Kakizaki, obespontaneous hypertensive and
DahlS.Z-Lepr fa/Lepr fa rats [92].

1.1.9 HDI

Herbal medicine practice has acquired acceptancendrthe globe, especially in

developing countries because of ease of accesgil@ffordability, presumed safety

and the notion that it is without adverse effedtisTis not necessarily true as herbal
medicine practices have its challenges and linoitatiso Physicians need to know
which herb their patients take along with antidiabemedications as some

combinations may be beneficial, harmful or haveedifi@ct. In this study, it was

summarized the report available on the interactbmerbs and various classes of
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antidiabetic drugs whether PD (beneficial, harngiuho effect), PK (whether the herb
affects metabolism, distribution, absorption anichiglation of the drug) and a brief
description of the study. Medicinal herbs and thadtive ingredients are used

globally, and they have become an essential patiro€al medicine [93].

1.1.10 HDI pharmacological factors

Two or more drugs, when coadministered togethem, cause pharmacological or
chemical interactions. Such interactions may chahgeeffect of either drug, leading
to increased or decreased severity or effectivengissadverse effects. The
consequences are dependent on many pharmacolagatahemical factors, like how
they affect each other PK and PD and the physicoats nature of the drugs in use

[93, 94].

1.1.11 Animal model for HDI study

Appropriate animal models are critical in the ddgyvelopment process. Although
predictions can be made using in vitro data, sévé&ey characteristics of
drug/xenobiotic disposition can only be determiriadvivo, namely the relative
contribution of metabolic and excretory routes dtal clearance. Moreover, mass
balance and the per cent contribution of an enzgnpatthway to overall elimination
can only be estimated using in vivo data. Withdus ata, the appropriateness of
PK/PD models cannot be assessed. Information dkefreen properly designed PK
studies can be used to develop or refine PK/PD modéus, in addition to helping
determine bioavailability and tissue localizatidraadrug, animal models can provide
an estimate of exposure to metabolites after adnation of the parent drug. In
general, in vitro data are scaled to determine dntgyaction liability and whether

human in vivo DDI studies are warranted. In soms&tances, animal models can
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provide mechanistic insight into a DDI using an exmental design that is not
amenable to humans. A significant disadvantage roma models is differing

metabolic and transport pathways compared with mgnieecause animals can have
enzyme and transporter orthologs that differ irsués expression or substrate

specificity [95].

1.2 Literature Review

1.2.1 Test material selection

Disorders like obesity, DM, dyslipidemia and hypegion are often grouped under
MS with complex etiology, multifactorial pathogerseeand require prophylactic and
therapeutic interventions. In our Indian civiligats and traditional knowledge, many
herbal medicines in different oral formulations @éeen recommended for DM and
claims of cure are on record [96]. It is well knotinat herbal plant-like, TA not only

possess hypoglycemic activity but also used in Hypdemia, cancer, hypertension

and hypercholesterolemia.

As the modern drugs to treat DM have many sidectffehe focus has been shifted to
herbal drugs due to their safety, efficacy, miniside effects and low cost [97]. Plant
based traditional medicines play a significant riolehe DM management [98]. The
other author has reviewed many traditional medidieabal plants possessing clinical

and experimental anti-diabetic activity [99].

1.2.2 Literature regarding TA

The TAHA was screened far-amylase inhibitory activity and standardisationtfod
TA for polyphenolic phytochemicals using HPLC-PDAetimod. The content of
arjunetin, arjungenin, gallic acid, ellagic acishdaquercetin was 0.47, 8.22, 2.443,

7.901, and 3.20 mg/g, reported respectively, inAddA. The TAHA and acarbose
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have shown an inhibitory activity with an g Cvalue of 145.90 and 62.3%y/mL,
respectively. The TAHA demonstratesamylase inhibitory activity because of a
synergistic effect of the phytochemical constitserithis study suggests that one of
the mechanisms of this plant for anti-diabetic\attiis through the inhibition ofi-

amylase enzyme [100].

TA is an Ayurvedic medicine which has been cliflicalsed in India to treat a variety
of ailments like lipid and cardiovascular disordef&AHA decreased HFD-induced
hyperglycemia, hyperlipidemia, and glucose intalemin the rat. Meanwhile, other
author depicted the antihyperglycemic effect of B leaves in diabetic animals.
Also, it decreases total cholesterol (TC) and yxgtides (TG) levels in diabetic

animals [101].

TA is a large source of phytochemicals, includimgetpenoids, polysaccharides,
nucleotides, sterols, steroids, peptides. It haanlfeund that the TAHA activates
PPARy coactivator & (PGC-Ir) which regulates the lipid and glucose metabolism.
This work aimed to evaluate the antihyperlipideraictivity of TAHA mediated
through lipid and carbohydrate metabolism at thelegular and biochemical levels
in hyperlipidemic rats. The intrauterine growthtrigsion (IUGR) rats fed with a high

fat diet (HFD) can use as a MS model [102].

Evidence from several in vivo, in vitro and clinlicaials, reveal the pleiotropic
activity of TA like anti-atherogenic, inotropic, @mflammatory, hypotensive,
antioxidant and anti-thrombotic actions for theatreent of different CVD. It is
authenticated that this herbal plant has an exuedlafety profile when utilized in co-

administration with other allopathic drugs [103].
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Potent hypolipidemic activity of an aqueous exti@ctTA (agTAE) and regulate the
expression of atherogenic proteins highlight thet that it may be utilized in the

management and prevention of atherosclerosis [104].

Microencapsulated herb (TA, 1.8%) added vanillacotete dairy drink demonstrated

a significant reduction in organ weights (liver amoididymal fats). Furthermore, a

significant reduction in lipids like the atherogemdex, TG, TC, VLDL-C, and LDL-

C was mentioned in encapsulated TA extract groupoaspared to control group.

Reduction in TBARS and increase in reduced glubaidilevels were also observed in
both red blood cell and liver lysates with its slgppentation. The results illustrated

that the phytoconstituents (phytosterols, flavoaptdnnins and saponins) present in
the encapsulated TA endure the processing condionl efficaciously released in

the intestine to demonstrate their effects, liketiomidant activities and

hypolipidaemic, for better management of CVD [105].

1.2.3 Evidence-based effect regarding TA:

Vascular complications associated with diabetesaamgajor cause of morbidity and
mortality in patients. Traditional herbal medicinage utilized in the treatment of
CVD. TA bark extract significantly decreased myakakr injury and cardiac

dysfunction in STZ-induced diabetic animals. Itadkecreased inflammatory cytokine
levels, ET-1, and oxidative stress. The reducedthede, body weight, BP, and
hyperglycemia in diabetic animals did not alter eaftTA treatment. Results
demonstrated that TA bark extract improves the ragdial function in diabetic

animals, maybe through decreasing ET-1 levels,kayolevels, and maintaining

antioxidant enzyme actions [106]. The other auttlemonstrated that the TA bark
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extract ameliorates the altered baroreflex seirisitiin diabetic animals, maybe

through decreasing cytokine levels and maintaimimigoxidant enzyme actions [107].

The Subramaniam et al demonstrated that the tmeetidns ethyl acetate, diethyl
ether and ethanol extract of TA exerted antioxidgaind hypolipidemic activities at
175 and 350 mg/kg dose in hyperlipidemic rats. Theye mentioned that the
ethanolic fraction of TA exhibits the potent hygatiemic and antioxidant effect than
other fractions and has curative potential for CptBvention [108]. The Biswas et al
mentioned that TA leaf demonstrated antihyperglyicesffect due to its antioxidant

role in diabetic rats [109].

The other author Raghavan et al demonstrated leaT A bark extract exhibits the
antioxidant action mediated via oxidative stresgemiion in diabetic animals [110].
TA tree bark powder has significant antioxidanti@cthat is comparable to vitamin
E [111]. Toppo et al depicted that arjunolic acid @eanane triterpinoid may be a

promising lead to treat NAFLD [112].

The other group of authors independently mentidghatithe arjuna fruit extract could
be used as a natural antioxidant in reducing progid lipid oxidation in meat

products [113-115].

Chandra shekhar et al reported that TA alcoholicaek of bark depicted protective
effect against picrotoxin induced anxiety in micg ddteration of genes linked to
neurotransmitters, antioxidant enzymes and syngjfdsticity [116]. The other author
demonstrated that the aqueous extract of TA stakdefends versus IL-18-induced

atherosclerosis mediated via KB/PPAR«-signalling molecular pathway [117].
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1.2.4 HPLC method literature review:

Dhanani et al first identified and quantified fit@nnin-related markers gallic acid,
chebulagic acid, corilagin, ellagic acid and chebalacid in the bark and fruit
extracts of T. arjuna using HPLC-POA18]. Saha et al reported that the aqueous

extract of TA bark contains flave8-ols such as (+xatechin, (+)gallocatechin and

(-)-epigallocatechin. Phenolic acids such as GA, EA isdlerivatives were also

found in TA extract[119].

The other author represented the HPLC-PDA methodeldped for the
standardisation of Arjunarishthy quantitative estimation of major antioxidant
compounds, EA, GA, quercetin, kaempferol, and etfallate as markers. Arjunic
acid and arjunolic acid were not detected in thenfdation[120]. Some other authors
described a reversed phase HPLC-PDA method fasitheltaneous quantification of
arjunolic acid, arjunic acid, arjunetin and arjungan TA extract[121]. The GC-MS
analysis of TA extract identified 21 compounds pexgively [122]. A wide range of
constituents of TA was characterised and broadbuged as 27 GA and 52 EA
derivatives [123]. Avula et al identified 37 commpais using nontargeted UHPLC-
QToF-MS analysis of contributed to the differenbesveen Terminalia species [124,

125].

1.2.5Animal model literature:

1.2.5.1 Fetal nutrient restriction and programming of metabolic diseases in
offspring

There is an extensive body of evidence, that reledenpromised fetal growth to later

metabolic diseases. This has been aptly demorgstbgtalifferent models in which
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IUGR can be obtained through dietary, pharmaco&gand surgical manipulation of
maternal animal [126-129].

IUGR is resulting from the malnutrition programe tfetus to adapt low energy diet
permanently inducing following changes in the ofiisg. First, the combination of a
post-weaning HFD and a prenatal low nutrient dét & far more significant effect on
adiposity than does a postnatal HFD alone [130jo8@, the studies indicate multiple
components of the adipose phenotype are alteregseTmclude central effects like
food preference and appetite control of the offsprmpaired pregnancies that have a
preference for higher fat foods and are hyperphdiovocatively, IUGR rats have

neuroendocrine alterations in the hypothalamus][131

Interestingly, the phenotype is similar irrespeetof its mode of induction, proposing
common fundamental genetic and epigenetic mechanssroh as DNA methylation
(Figure 2.2). This modification involves the add-oha methyl group, by a methyl
donor, to the five positions of the cytosine pydme ring or the number 6 nitrogen
of the adenine purine ring. This can alter the egpion of the respective gene.
Methyl donors come from one-carbon metabolism. €ueh mechanism is that low-
protein diets have a high concentration of metmeniHigh concentrations of
methionine may, therefore lead to hyperhomocysteiag132, 133]. We have used a
similar kind of model in this study. This model Haeen bread for several generations
to induce permanent genetic and epigenetic changés. multi-generational
inheritance of this model makes it a unique modedttidy interventions with certain

drugs.
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1.2.5.2 Effect of Adverse intrauterine milieu on pepheral organs
IUGR affects insulin dependent organs like pangridzeyr, adipose tissue and skeletal
muscle. Various groups have covered IUGR and ilatetabolic defects in insulin

signalling at length [134]

1.2.5.2.1 Pancreas

Insulin is a vital hormone for fetal growth, andish maternal undernutrition results in
reduced body weight, smaller organ mass, hypeiimsaoi at the time of birth. Fetal
malnutrition in the last trimester of pregnancyrats decreasds-cell mass by half
and increases fetal insulin content. The adultpoiifgs of the same show a decrease
in insulin content an@-cell mass predisposing these rats to IGT. Secowdtlard
generation offspring of STZ induced severely anddiyihyperglycemic mothers
display the similar disorders such as macrosomypgfinsulinemic fetus with islet

hyperplasia, IGT associated with defects in inssdéaretion in adults [134].

1.2.5.2.2 Liver

Rats with fetal malnutrition are resistant to tleians of insulin, as evidenced by the
decreased infusion rates of glucose to maintaityeamia. This resistance to insulin
was found to be the result of a decreased respamess of the liver, i.e., a dampened
suppression of glucose production during hyperinsuhia, whereas insulin action at

the peripheral tissues remained normal [135, 136].
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Figure 1.4: Different pathways underlying the patat programming of T2DM [134]

1.2.5.2.3 Adipose tissue

Basal glucose uptake was increased in adipocytes $ubcutaneous, epididymal, and
intra-abdominal fat depots; however, insulin- ingd@dipocyte glucose consumption
is lesser than low-protein offspring as comparedatairol group. The GLUT4 protein
expression showed no difference from the low-protdfspring in the adipocytes. At
15 month of lifespan, expression of insulin receptas similar as compare to low-
protein offspring and controls in adipocytes, iradicg that the molecular change that
results into IR must be at the post-receptor stage83 and 15 months of lifespan,
insulin- induced phosphatidylinositol 3-kinase efferas decreased, and this is linked
with a decrease in the pl110 beta subunit level flom-protein offspring in
adipocytes. At 15 month, insulin- induced proteinase B was also decreased from
low-protein offspring in the adipocytes, which mpstify the IR noticed in the

adipocyte at this age.
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From this data, it is clear that all the insulimsiéve tissues are adversely affected by
adverse intrauterine milieu. Therefore we have usesdmilar model to study the

mechanistic aspects of TAHA and its ayurvedic fdatians [137].

1.2.6 Herb-drug interaction related literature:

TA possesses different therapeutic activities. dinor Varghese et al, indicated that
the active phytochemicals of TA extract can supptks in vitro CYP3A and CYP2D
isoenzymes, which may, in turn, lead to PK HDI [[L3&he same author investigated

the PK-PD interaction of TA aqueous extract withtopeolol succinate in rats.

The alcoholic, aqueous and ethyl acetate extratt§ /o bark indicated strong
reversible non-competitive suppression of CYP2Dyerez in microsomes of the rat
liver. Arjunic acid, arjunetin and arjungenin didtrdepict significant suppression of
CYP2D enzyme in microsomes of rat liver. PK studredicated that aqueous bark
extract of TA co-administered with metoprolol suate resulted to a significant
reduction in AUG.24nh and Gnax Of metoprolol succinate in rats. PD studies show a
significant decrease in the curative action of rpeitnl succinate on co-
administration with aqueous extract of TA bark. tha basis of in vivo and in vitro
results, until further drug interaction clinical petiments are executed, the co-
administration of drugs, cleared via CYP2D catallysgetabolism, with TA extracts

should be done with precaution [139].

The author Bhamra et al mentioned that majoritgaifents who were on prescription
medicines did not inform the doctor regarding argrblal medicines consumed
simulataneously; this increases a concern aboupl@soinformation of HDI,

cooperation and effect on prescribed allopathicioadidn program [140].
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AIM AND OBJECTIVES

Aim

The aim of the study was to assess the molecular mechanism and HDI of TAHA bark

and its ayurvedic formulations in metabolic syndrome

Study Objectives

1. To develop method of TAHA and its ayurvedic formulations using HPLC

anaysis method

2. To investigate the effect and molecular mechanism of TAHA and its

ayurvedic formulations in high fat fed rat model

3. To evauate the activity of TAHA and its ayurvedic formulations in enzyme

inhibition assays and their effects on adipocyte differentiation

4. To determine the effect of TAHA and their ayurvedic formulations on levels

of MET and glucose uptake in normal and diabetic rats
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2. MATERIALS AND METHODS

2.1 Materials

2.1.1 List of chemicals and materials used for expenents is given below:

Table 2.1. List of chemicals and materials

Sr. No. Particulars Make/Source

procured from the local market of Pune, and

1 TA bark authenticated by Agharkar Research Institute
(ARI), Pune, India

2 HPLC grade methanol Merck, India

3 Water Milli-Q (Millipore)

4 HPLC grade acetonitrile | (Merck)

5 Arjunetin and arjungenin HPLC phytochemica markers from the

Natural Remedies Pvt. Ltd. Bangalore, India

6 Kits Crest Biosystem (India)

7 Normal and HFD diets VRK Nutritional Solutions, Pune, India.

8 Marketed formulations, | (Batch No. GA-06, Sandu Pharmaceuticals
i.e.,, Arjunarishta (AA) Ltd. Goa, India)

9 Arjun Ghritam (AG) (Batch No. 116, Nagarjun Pharmaceuticals P.

Ltd. Ahmedabad, India)
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2.1.2 List of equipment used for experiments is gan below.

Table 2.2. List of equipment

Sr. No. Particulars Make/Source
1 Soxhlet extraction Borosil
2 Rotary evaporator Buchi Rotavapor
3 HPLC system Dionex P680

2.2 Experimental Design

The plan of work was as follows:

Standardization of TAHA and its ayurvedic formulations [AF]

Effect of TAHA and its AF in high

fat fed rat model

Selective Gene Expression studies
using Real Time PCR

Enzyme inhibition assays and
adipocyte differentiation studies

Molecular mechanism of TAHA

and its AF

Herb Drug Interaction study TAHA
and its AF with Metformin in rats

Pharmacodynamic and
Pharmacokinetic interaction studies
with metformin

Statistical analysis using Graph
Pad Software

Figure 2.1: Experimental Design
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2.2.1. Preparation of Standard
Both phytochemical markers stock solution was prepared in methanol. Please (for

detailed methodology) refer Annexure 1.

2.2.2 Preparation of Sample

Please (for detailed methodology) refer Annexure 1.

2.2.3. HPLC System

Please (for detailed methodology) refer Annexure |1 [141, 142].

2.2.4 Estimation of arjunetin and arjungenin in a TAHA bark extract, AA, AG

Please (for detailed methodology) refer Annexure |1 [141-143].

2.2.5. Data Analysis for HPLC analysis

Please (for detailed methodology) refer Annexure 1.

2.3 Method validation

Please (for detailed methodology) refer Annexure I1 [144].

2.4 Animal study

2.4.1 Animals and experimental design:

Mae Wistar (MWR) and IUGR rats of 8-10 weeks were purchased from the APT
Testing and Research Pvt. Ltd. (Previously known as National Toxicology Centre),
Pune, India. The Institutional Animal Ethics Committee approved the preclinical

experiment.

Please (for detailed methodology) refer Annexure 1.
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Table 2.3. HFD-composition

Ingredient Grams

Casein, Lactic, 30 Mesh 200.00 g
Cystine, L 3.00¢g
Lodex 10 125.00¢g
Sucrose, Fine Granulated 72809
Solka Floc, FCC200 50.00¢g
Lard 245.00 g
Soybean Qil, USP 25.00¢
Minerd 50.00 g
Choline Bitartrate 2009
Vitamins 1.00g
Dye, Blue FD&C #1, Alum. Lake 35- | 0.05¢g

42%

2.4.2 Plasma lipid profiles

TGs, TC, and HDL were measured using the commercial kit (Crest Biosystem, India)

[88].

243 OGTT

The last ora dose of vehicle, TAHA or MET was administered 24 hr before the

OGTT. Please (for detailed methodology) refer Annexure I1 [88].
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2.4.4 Gene expression related results
2.4.4.1 RT-PCR analysis

Please (for detailed methodology) refer Annexure 1.

Table 2.4. Primer details

Gene Name 5-3' FP 5-3'(RP) Product
Slze
ApolipoproteinC- | | GGCCACCACAGCT | GATCCTTGCTGCTGG | -
1 ATATCAGACTC GCTCTA
Acyl-Coenzyme | ACO-A | AGGTGCGGTCGGG | GCTGTGGCTGGATCC |
A oxidase 1 oxidasel GAAGTT GCTG
Stearyl-
oY op.q | AGATCCTCCCTACC | CCCTCTCGTTCAGTG |,
Y TCCACCCCTA GTTGCCTC
desaturase
PhOSpr\'loategc" Py oepck | GGAGTGGATGTTC | TCCGAACAGCTCCTC |
. GGACGCA CACGT
carboxykinase
Faity acid binding |, - | ATGTGTGATGCCTT | TACTCTCTGACCGGA |
protein TGTGGGGA TGACGACC
Carnitine
. CCTGTGAATACTTG | TCCCCAGGCCTAACC
pal mltogransfera CPT-1a GGCGTCTG ATTCC 142
Fatty acid cp.ag | GCTGCACGAGGAG | CCAAACACAGCCAGG | o
translocase GAGAATGG ACAGCAC
Glycerol 3- CATCGTAGGCTCCG | AGTTAACTTTCTGCC
phosphate GAPDH GCAACT CCCGATG 132
dehydrogenase
Glucose-6- cep | CAAGAGCTGCAAA | TCAGCGAGTCAAAGA |
phosphatase GGAGAACTG GATGCAG
TCCCCAGACAGGC | CGGCCACGTTCCTCT
Aldose reductase AR CTAGTGC CTATATG 135
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Slucokines o | ATGAGGCGATGGG | CGGTAGTTGGGTCGA | ..
ACACGAA CAGCA
M 'tr‘ﬁ:.”rﬁtr']‘;ied vapk | COGAGATGACTGG | TGATGCAGCCAACAG |,
P CTATGTGGTG ACCAGATA
p38delta
Phosphaticylinosi | . | CCAGBAGCGGTAC | AGTCTCCTCCTGCTG | .,
tol 3 kinase AGCAAAG TCGATGA
. . AGTCTGCAGAAGG | TCCCACCAAAGACTG
C-reactive protein CRP GCTACATTGTG ATTCGC 104
f':;é'r' " gir ﬁéiwnh or.gp | CCTGCTCTTGCTGC | CTCTCGCACCAAGCT | -
naing TGCTGT CGGC
protein
Fatty acid ng | CAACCTGATAGTG | AGACAGACTCGGACT |
synthase AGCGGGAAAG CGGCG
m’ﬂgcigf cpar | AATGCTGCGGAAA | TGAAGGAAGGATTGC | .,
PRosp AACTACGG TGGTAACA
acyltransferase
GGGAAGTACAGTG | TCGGAGGCTGCAGTT
SREBF chaperone | SREBF GGGTCAGCC GGGG 149
Citnejr?i A op.q | CCACAACTACCATC | CAGTCGATGAAGAAC |
y ACGCCTTCC GTGGTGAAG
desaturase 1
Squalene s | GAGAGCAAGGAGA | CCCACCAGTCCAGCA | )
synthetase AGCACCGA ACATAGT
Monocyte
oY | opq | TGCTGTCTCAGCCA | TACAGCTTCTTTGGG | -
. GATGCAGTTA ACACCTGCT
protein-1
. AGCAGCTTTCGAC | TCTCCACAGCCACAA
Interleukin-10 IL-1p AGTGAGGAGAA TGAGTGACA 144
Tumor Necrosis TNE-q AGAACAGCAACTC | TGCCAGTTCCACATC 149
factor-o CAGAACACCCT TCGGATCAT
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Protein Kinase,

PRKAA-

AAGCATCGATGAT

AGACAGTGAATGGTT

AMP-Activated, 2 GAGGTGGTGGA CTCGGCTGT 107
Alpha?2
o . ACAACCTCCTGTTG | TCACTAGAGCTTGCG
Sirtuline-1 Sirt-1 GCTGATGAGA TGTGATGCT 134
ek s | AACTCCATCTGCCC | AAGGCAGTGGCTGTC | .
TTCAGGAACA AACAACATC

2.4.4.2 Herb-drug interaction study

Please (for detailed methodology) refer Annexure 1.

2.4.4.3 Animal study protocol

Please (for detailed methodology) refer Annexure I [88, 146].

2.4.4.4. Induction of Diabetes

Please (for detailed methodology) refer Annexure 1.

24.441. OGTT

Please (for detailed methodology) refer Annexure I1 [146].

2.4.4.4.2. Bodyweight

All animals were monitored for body weight during the treatment period.

2.4.4.4.3. Biochemical Analysis

Please (for detailed methodology) refer Annexure 1.

2.4.4.4.4. Histopathology:

Please (for detailed methodology) refer Annexure 1.

2.4.4.4.5. HPLC-PK method

Please (for detailed methodology) refer Annexure 1.
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2.5 Enzyme Inhibition Assay
2.5.1 Assay of alpha-amylase inhibition

Please (for detailed methodology) refer Annexure |1 [147, 148].

2.5.2 DPP-IV inhibition assay

Please (for detailed methodology) refer Annexure I1 [149].

2.6. Adipocyte differentiation assay

In brief, 3T3-L1 preadipocyte was seeded as 5 X 10° cells'well in 24 well plates.
After reaching the confluence (48 h), the preadipocytes were induced by IBMX +
insulin (10 mg/ml) medium to differentiate to adipocytes for another 48 h. The
TAHA, AA, AG and Cerulinin (a known anti-differentiating agent) were added at

different concentration. Please (for detailed methodology) refer Annexure 11 [143].
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3. STATISTICAL ANALYSIS

Please (for detailed statistical analysis) refer Annexure [l [29].
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4. RESULTS

The retention time for arjungenin and arjunetin evéound to be 7.68 and 4.95
minutes, respectively. The spectral overlays weaéched with the UV spectra of the
reference standard at 220 nm. Quantitative estimabf these phytochemical
compounds was carried out using an external stdrcidibration curve method. The
calibration curve of concentration vs peak area eastructed in the range of 31.25-

1000 pg/ml.

4.1 Validation data of arjunetin and arjungenin HPLC-PDA method

4.1 Specificity

The specificity of the developed HPLC analysis rodtivas checked by changing the
solvent B (from methanol to ACN). Retention timeddawer limits of quantification
were determined and were shown in Table 4.1, tegetith regression equations and
coefficients of regression {R The value of Raffirmed the linearity of the HPLC
method. The robustness of the HPLC method was atemiuby changing the mobile
phase (solvent B from 80:20 to 90:10); minor vaoiain mobile phase illustrated no
effect on the resolution of the peak. The lineasityarjunetin and arjungenin solutions
were obtained as 31.25-1000.0 pghs shown in Table 4.1. The calibration curve
was constructed using linear regression of therét®al concentration of an analyte
vs the corrected peak area. The mean regressiati@ug and R2 were evaluated to
be Y = 0.046 X + 0.628 and’R 0.992 for arjungenin and Y = 0.069 X + 0.66@ an

R? = 0.991 for arjunetin,.

As shown in Figure 4.1. Phytochemical evaluatiommdinetin and arjungenin HPLC

chromatograms at 220 nm
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Figure 4.1: Phytochemical profiling HPLC chromatogs of arjunetin and

arjungenin
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HPLC chromatograms at 220 nm. (I) Arjuna ghritahnfolation (AG-F); () extract

of T. arjuna (TAHA); (lll) Arjunarishta formulatiofAA-F); (IV) chromatogram of

Spiked Arjunetin (A) and Arjungenin (B) markers.

Table 4.1. Linearity, linear regression equation, and LLOQ of arjunetin and

arjungenin HPLC method

. Conc. . :
Phytochemical RetentionTime | R? Range LLOQ Linear Regressmn
Marker pg/ml Equation
pg/ml
Arjunetin 4945 +0.002| 0.991 31.25-1000 31.25 Y69X + 0.660
Arjungenin 7.685+£0.003] 0.992 31.25-1000 31.25 Y46X + 0.628

Results were expressed as mean + SD.

4.1.2 Precision and accuracy

The repeatability of the sample was evaluated asta@mday variation, whereas the

intermediate precision was determined by measuteginter-day variation for the

evaluation of arjunetin and arjungenin at differamncentrations of 1000-31.25

pg/ml. The standard solutions, at four differenhaantrations, were determined at

least six times within the same day, and % CV aloletained were between 5.19 -

16.86 % and 5.57 - 10.90% for arjunetin and arjaingerespectively. Similarly, to

determine the inter-day variability, the same com@ion of the two standards was

analyzed at least six following days, and the valwere between 6.86 - 9.29% and

5.74 - 10.47 % for arjunetin and arjungenin. Theuaacy (% bias) values ranged

within -8.98 to 6.94 and -9.79 to 8.08 for arjunetind arjungenin, respectively. The

results of the intermediate and repeatability mieai were expressed in CV (%) and

shown in Table 4.2; the low values of the CV (%icated the repeatability of the

proposed method.
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arjungenin HPLC method

Table 4.2. Intra and inter-day precision and accuray of arjunetin and

Crom Precision Intra-day (n=6) | Accuracy | Precision Inter-day (n=6) | Accuracy
(ng/ml) . . o -
Cobs (Mg/ml) | Precision| % bias Cobs (Mg/ml) Precision| % bias
(% CV) (% CV)
Arjunetin
1000 1047 + 54.28 5.19 -4.7 947.0 £65.02 6.86 5.3
250 2455 + 21.73 8.85 1.8 246.9 + 22.93 9.29 1.24
62.5 68.11+4.9 7.19 -8.98 60.70 £ 4.853 8.00 2.88
31.25 29.08+4.91 16.86 6.94 29.70 £ 2.586 8.71 96 4.
Arjungenin
1000 1084 + 60.39 5.57 -8.4 1037.0 £ 59.48 5.74 7 -3.
250 229.8 + 19.87 8.62 8.08 256.7 +16.36 7.1% 82.6
62.5 68.62 £ 6.25 9.11 -9.79 62.58 + 5.68 9.07 28.1
31.25 32.14 + 3.502 10.90 -2.85 33.88 + 3.5b 1047 -8.42

Results were expressed as mean + SD.
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4.2. Phytochemical characterizations of TAHA, AA ad AG

Phytochemical characterization of AA, AG, and TAH¥as determined using the
selective phytochemical approach. Arjungenin angunatin were used as
phytochemical markers for characterization purpoBee marker contents were
estimated using earlier reported HPLC-PDA methotle HPLC-PDA analysis
showed proper resolution of all the peaks. The ggres of marker contents in the
TAHA, AA, and AG was identified using UV spectra tolaing and retention time
with corresponding reference standards (Figure. &g content of arjunetin and
arjungenin was 0.59 + 0.04 and 0.85 + 0.01 mg/@AmMA; 254.6 £ 23.39 and 0.00

pa/mlin AA; 166.6 £ 2.69 and 228.7 + 9.15 pg/mAG (Table 4.3).

Table 4.3. Quantitation of arjunetin and arjungeninin TAHA, AA and AG

Rt (min)
Compound (ng/mi (ug/ml | (mg/g of

Reference
Name AG AA | TAHA of AG) of AA) | TAHA)
Standard

5.06+| 5.10+| 5.09+ | 166.6+ | 2546+ | 0.59*

Arjunetin | 4.95%0.0
0.01 | 0.02 0.02 2.69 23.39 0.04

. . 7.87 7.88+ | 228.7 0.85+
Arjungenin | 7.69 £0.0 ND ND
0.02 0.04 9.15 0.01

Results were expressed as mean £ SD.
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Table 4.4. Effect of TAHA, AA and AG on body weightof HFD fed rats

0 Month 1 Month 2 Month 3 Month
Normal 235.33+£22.33| 259.67 +16.50% 310.17 +£21.88*F 7340 = 20.36***
HFD Control | 284.83 +36.72 | 339.67 +42.50 394.50 £ 38.11 443.33.70
Metformin 296.17 £ 32.50 | 331.17 +32.98 332.20 + 13.971 36@&25.85**
TAHA 250 298.17 £42.48 | 354.50 +57.82 364.67 £45.72 391.89.74
TAHA 500 296.67 +57.73 | 337.50 +57.86 360.00 + 54.01 39%.88.16
AA 0.9 275.2+24.1 311.0 +53.6 346.8 £ 59.7 387.8 £55.8
AA 18 281.0+37.3 326.0 £ 74.9 353.6 £59.6 387.8 £55.8
Ghee 2825+34.4 305.6 +£68.3 348.1 +£48.9 392.0 £49.8
AG 450 283.2+15.3 303.8 £ 24.7 315.0 £ 29.3** 340.0 + 44.8***
AG 900 276.2 £29.2 292.0+33.1 318.6 + 30.1* 342.0 + 48.3***

Results are expressed as mean + SD (n=6, Two-way\AN\Bonferroni post-tests to

compare replicate means by row). Values are stailst significant at *p<0.05 Vs.

The high-fat diet fed rats (control groups).

4.3 Effect of TAHA, AA and AG intervention on bodyweights (BW)

At the end of the study, the BW dissented in trgeoiof HFD control, TAHA 500,

Ghee, TAHA 250, AA 0.9, AA 1.8, MET, AG 900, AG 45hd normal group

animals (Table 4.4). The average BW of rats inHi® control group (443 = 34 Q)
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was significantly higher than the normal group (3420 g; Table 4.4). Among these
treatments, only AG 450, AG 900, MET group représeéna significant BW

reduction as compared to HFD control group (34C1+3#12 + 48; 366 + 26 vs 443 +
34 g). TAHA 250, TAHA500, AA 0.9, AA 1.8, group =387 + 56; 387 + 55; 392 +
50 and 396 + 48 vs 443 + 34 g) showed a tendetitygagh not at a significant level,

toward reduction of BW (Table 4.4).

4.4 Effect of TAHA, AA and AG intervention on OGTT

Fasting glucose, before an OGTT, represented naifisgnt differences in HFD
control or the MET; TAHA 500, TAHA 250, AA 0.9, AA.8, AG 900, AG 450
treated rats, compared to vehicle treatment (Figu2¢. However, level of glucose
was higher for the HFD control group (102.7 + 28s7 90.8 =+ 3.0 mg/dl) and the
MET, TAHA 250, TAHA 500 AA 0.9, AA 1.8, Ghee, AG 85AG 900 treated rats
(87.6 £10.4;96.7 £18.3; 89.8 + 12.1; 93.6 +3@.0 £ 7.6; 100.2 + 4.5; 88.6 + 4.1,
100.2 £ 3.7 vs. 102.7 £ 23.7 mg/dl) at the 60 rresuas shown in Figure 4.2. These
glucose levels remained significantly elevatedluh@ 120 minutes only for the HFD
control group. MET, TAHA 500, AA 0.9, AA 1.8, and®\450 treated rats showed

lower glucose values at the 120 minutes comparétFo control group.
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Table 4.5. Effect of TAHA, AA and AG intervention an Oral Glucose Tolerance Test (OGTT)

Normal Control Met TAHA TAHA AA 0.9 AA 1.8 Ghee AG 450 AG 900
250 500
+
Omin | 61.0+45| 603+58 604+702 663+7.9 6083 59.8+48 6;45‘ 64.0+26| 61.4+51 63.6+38
_ 1027+ | 876+ | 9.7+ | 898z 1002 + _
60min | 90.8+30 - o s oy | 936%32| 960%74 . |886%41| 100237
. 1317+ | 1096+ | 1192+ | 1010+ | 1108« | 1146+ | 1245+ | 1022%
120 min | 87.7£3.01 g 6.8 22.6 11.4 4.2 8.9 3.8 49 | 1722%95
. 975+ | 824+ | 8383¢ i
180min | 75.5%7.3| . i 6o | B07%64) 724%23 794%76 833+Q1 69R%| 72858
. 8281 750 % j
240min | 61351 % | 68.8+9.2| 27 |660+51| 678+ 19682+7.6| 74332 644:23 62234
OGTT- | 18235+ | 24055+ | 20652+ | 22540+ | 10045+ | 20436+ | 21348+ | 22630+ | 19374+ | 21486+
AUC | 1224% 4387 1893 3845 1157 1355 1674 1027 3221 2672

The AUC histogram results were showed the sigmficdange in the glucose for HFD control group(84% increase vs normal group, p <
0.05) and MET, TAHA 250, TAHA 500 AA 0.9, AA 1.8nd AG 450 treated rats showed reduction, but resudre non-significant compared

to HFD control group rats (Figure 4.2), demonstigaean impaired glucose excursion during an OGTbi@4.5).
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Norrmal
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Maotformin
TAHA 250
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AA 0.9
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Ghoo 900
AG 450
AG 900

SALARRERE:

Figure 4.2: Effect of Arjun ghritah (AG), Arjunahita (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) intervention on Oral Glucose
Tolerance Test (OGTT)

Results were expressed as mean = SD. *p<0.05, 0.0ds *** p<0.001 when

compared with control group.
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Figure 4.3: Effect of Arjun ghritah (AG), Arjunahita (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on intervention on Oral Glucose

Tolerance Test (OGTT)-Area under curve (AUC).

Results were expressed as mean = SD. *p<0.05, *fis0***p<0.001 when

compared with control group.
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As shown in Figure 4.3, the results were also wed as the OGTT-AUC
histogram showed the significant decrease in threnah MET; TAHA 500, TAHA

250, AA 1.8, AG 900, AG 450 treated rats compacedantrol group rats.

4.5. Lipid Profile (HFD)

Table 4.6: Effect of TAHA AA and AG on plasma TG, TC, and HDL-C in HFD

fed rats
TG HDL TC
Normal 88.00 £ 3.74*** 33.50 £ 1.29** 142.40 + 18.55***
HFD Control 118.00 + 12.36 2345+ 255 193.20 + 21.91
Metformin 72.00 £ 7.07*** 31.85 + 1.58* 149.15 + 6.26**
TAHA 250 51.75 £ 5.56*** 29.53 +4.56 88.60 + 10.26***

TAHA 500 53.00 + 9.93*** 38.40 + 5.83*** 79.17 £ 21.93***

AA 0.9 76.2+7.29%* | 3652+ 2.56%* 182.0 + 10.94
AA 18 72.0 + 5.29% 32.15 + 1.11* 165.76 + 11.06
Ghee 88.5 + .20 28.18 + 2.42 88.17 + 29.59%*
AG 450 | 83.75 % 19.76*** 27.0+1.93 85.2 + 40.97**
AGO00 | 88.75+9.88** |  335+1.27* 109.0 + 51.98%+*

Results are expressed as mean = SD (n=6, one-wa@VM) Results were

statistically significant at *p<0.05 vs. the higét-tiet fed rats (HFD control groups).

As shown in Table 4.6, HFD fed rats in the cong@up had a significant higher in
plasma TG (118.0 + 12.4 vs. 88.0 = 3.7 mg/dl, p.80@) and TC (193.2 £ 21.9 vs.

142.5 + 18.5 mg/dl, p < 0.001) compared to the rabrmats. MET, TAHA250,
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TAHA500, AA 0.9, AA 1.8, Ghee, AG 450 and AA 900eated rats showed
significant reduction in the plasma TG levels ampared to the HFD control group
(72.0 £ 7.0; 51.7 £+ 5.5; 53.0 + 9.9; 76.2 + 7.29;07/+ 5.29; 88.5 + 9.29; 83.75 +
19.76; 88.75 £ 9.88 vs. 118.0 + 12.3 mg/dl, p 0Q)dby 39.0, 56.1, 55.1, 35.4, 39.0,
25.0, 29.0, 24.8 % respectively. MET, TAHA250, TABDO, Ghee, AG 450 and AA
900 treated rats showed significant reduction englasma TC levels as compared to
the HFD control group (149.1 + 6.2; 88.6 =+ 10.2;272 21.9; 88.17 + 29.59; 85.2 +
40.97; 109.0 £ 51.98 vs. 193.2 £ 21.9 mg/dl, p&1Pby 22.8; 54.1, 59.6, 54.3, 55.9,
43.6 % respectively. In addition, HFD fed rats e tontrol group had a significant
lower the plasma HDL (33.5 =+ 1.2 vs. 23.5 + 2.5 a¢hg/p < 0.01) by 30 %. The
MET, TAHA500, AA 0.9, AA 1.8 and AG 900 interventicsignificantly enhanced
the level of HDL compared to the HFD control (3%+.8.5; 38.4 £ 5.8; 36.52 + 2.56;
32.15+1.11; 33.5 + 1.27 vs. 23.5 + 2.5, p < (@Fdl, p < 0.05) by 35.8, 63.8, 55.4,

36.8, 42.6 % respectively.
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Figure 4.4: Effect of Arjun ghritah (AG), Arjunaht (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on High density lipoprotein (HDL)
cholesterol levels. Results were expressed as m&ih * p < 0.05, ** p < 0.01, ***

p < 0.001 when compared with control group.
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Figure 4.5: Effect of Arjun ghritah (AG), Arjunahita (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on total cholesterol levels. Results
were expressed as mean = SD. * p < 0.05, ** p 4,00 p < 0.001 when compared

with control group.
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Figure 4.6: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract oferminalia arjuna (TAHA) on TG levels. Results were expressed

as mean = SD. * p < 0.05, ** p < 0.01, ** p < 0DOvhen compared with control

group.
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4.6 Effect of TAHA, AA, AG on gene expression invekd in metabolic syndrome

4.6.1 Obesity-related genes
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Figure 4.7: Effect of Arjun ghritah (AG), Arjunahita (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on AdipogR2 gene expression.
Results were expressed as mean = SD. N = 8; * 9%, 6* p < 0.01, *** p < 0.001

when compared with control group.
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Figure 4.8: Effect of Arjun ghritah (AG), Arjunahita (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on LepR gene expression. Values
were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, ** p < 0.001 when

compared with control group

The expression of AdipogR-2 was significantly doagulated in HFD fed rats and

increased in AA1.8 treated rats than the HFD comgroup by 2.0 fold, respectively
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[Figure 4.7]. The expression of LepR was signifitanmipregulated in HFD fed rats
and decreased in MET, TAHA250, TAHA500, AA1.8, A®snd AG900 treated

rats than the HFD control group [Figure 4.8].

4.6.2 Inflammation-related genes
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Figure 4.9: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract oferminalia arjuna (TAHA) on IL-6 gene expression. Results were
expressed as mean + SD. N = 8; * p < 0.05, ** p.€lp** p < 0.001 when

compared with control group.
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Figure 4.10: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on CRP gene expression. Results
were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.11: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on TLR-4 gene expression. Results
were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.12: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on TNF-« gene expression. Results
were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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MCP1
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Figure 4.13: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on MCP1 gene expression. Results
were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.

As shown in (Figure 4.9 and Figure 4.10) CRP and llevels in liver tissue was
significantly increased (p<0.001) in the HFD cohnats as compared to the normal
rats while these levels were significantly reduaedliabetic rats treated with MET,

TAHA250, TAHA500, AA0.9, AA1.8, AG450 and AG900 atment.

The expression of TLR-4, which converts immaturgpeacites to mature adipocytes,
was also higher in HFD fed rats and less in METHR&50, TAHA500, AA0.9,

AA1.8, AG450, and AG900 treated rats than the HEDtiol group (Figure 4.11).
The expression of TNE-was significantly upregulated in HFD fed rats aledreased

in MET, TAHA250, TAHA500, AA0.9, AA1.8, AG450 and @900 treated rats than
the HFD control group by 7.7, 3.0, 3.1, 3.5, 1.8 @&¥ fold respectively (Figure
4.12). The expression of MCP-1 was significantlyegulated in HFD fed rats and
decreased in MET, TAHA250, TAHA500, AA0.9, AA1.8GA50 and AG900 treated
rats than the HFD control group by 4.0, 2.7, 2.9, 8.0, 4.9, and 2.6 fold

respectively (Figure 4.13).
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4.6.3 Insulin resistance-related gene
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Figure 4.14: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-

alcoholic extract offerminalia arjuna (TAHA) on IRS-1 gene expression. Results

were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.15: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-

alcoholic extract offerminalia arjuna (TAHA) on MAPK gene expression. Results

were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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The expression of IRS-1 was significantly downreged in HFD fed rats and
increased in MET, AA0.9, AA1.8, and AG900 treatedsrthan the HFD control
group by 3.0, 1.7, 3.1, and 1.6 fold respectivéhigire 4.14). The expression of
MAPK was significantly upregulated in HFD fed raésmd decreased in MET,
TAHA250, TAHAS500, AA0.9, AA1.8, and AG900 treatedts than the HFD control

group by 2.0, 4.6, 1.6, 1.8, 5.4, and 4.5 fold eesipely (Figure 4.15).

4.6.4 Energy expenditure related genes

PGC 1A
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Figure 4.16: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on PGC-Li gene expression. Results
were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.17: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on PRKAA2 gene expression. Results
were expressed as mean £ SD. N = 8; * p < 0.05 #0.01, *** p < 0.001 when
compared with control group.
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Figure 4.18: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) on Sirtl gene expression. Results
were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.

The expression of PGGCalwas significantly downregulated in HFD fed ratsdan
increased in MET, and AAL1.8 treated rats than tR®Hontrol group by 2.4, and 2.5
fold, respectively (Figure 4.16). The expression RRKAA-2 was significantly
downregulated in HFD fed rats and increased in MEAHA250, TAHA500, AA0.9,

and AG900 treated rats than the HFD control grdtigure 4.17). The expression of
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Sirt-1 was significantly downregulated in HFD fedts and increased in MET,
TAHA250, AA0.9, AA1.8, and AG900 treated rats thdre HFD control group

(Figure 4.18).

4.6.5 Carbohydrate metabolism-related genes
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Figure 4.19: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on PEPCK gene expression. Results
were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.

To figure out the molecular mechanism involved hie teduction of blood glucose
level following TAHA intervention, the expressiohsome genes involved in glucose
metabolism in the liver was analyzed, and the tesuére presented in Figure 4.19.
There was no significant difference in the leveltloé gene expression related to
gluconeogenesis, i.e., PEPCK between HFD contrdlreormal groups. In contrast,
MET and TAHA500 down-regulated PEPCK that was uplagd in hyperlipidemic

rats (Figure 4.19).
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4.6.6 Lipid metabolism related genes:

CPT la

(&2
]

I
1

D

w
1

N
!

NS

7,

Relative Quantification

——]

=

7 .»

%72,

T
Ghee

AA 18

T
AA 0.9

>P

250 T

T T
Control Metf TAHA HA 500

Normal

T
AG 450

AG 900

Figure 4.20: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-

alcoholic extract offerminalia arjuna (TAHA) on CPT-1a gene expression. Results

were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, ** p < 0.001 when

compared with control group.
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Figure 4.21: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-

alcoholic extract offerminalia arjuna (TAHA) on ACO gene expression. Results

were expressed as mean = SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.22: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on CD36 gene expression. Results
were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.23: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) on SCD1 gene expression. Results
were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, *** p < 0.001 when

compared with control group.
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Figure 4.24: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-

alcoholic extract offerminalia arjuna (TAHA) on FABP gene expression. Results

were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, ** p < 0.001 when

compared with control group.
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Figure 4.25: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-

alcoholic extract offerminalia arjuna (TAHA) on APOC Ill gene expression. Results

were expressed as mean + SD. N = 8; * p < 0.05 ¥ 0.01, ** p < 0.001 when

compared with control group.
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TAHA250 and AG900 significantly increased mRNA exgsion of CPT-1 as
compared to HFD control rats. When MET concomitadiinistered with HFD, it
ameliorated this downregulation significantly. Haxwe Acol (responsible for lipid
B-oxidation) have the enhanced expression in hygpddmic rats following the
TAHA250 administration. The suppression was morpaagnt in the HFD control
rats than TAHA treated rats. TAHA treatment incezshshe mRNA levels of Acol
(Figure 4.21), the rate-limiting enzyme in peroxisd 3-oxidation, in the liver. The

levels were 4.22-fold higher in the TAHA250-feds;atespectively.

The more significant FAT/CD36 (Figure 4.22) expressn HFD fed rats than the
normal rat indicated that HFD could enhance liveidluptake. In the TAHA500-fed

rats, the expressions of FAT/CD36 were upregulbted.19 fold, respectively. These
results show that TAHA mediated its action throtigl expression of PPAR{arget

genes in the liver.

The expression of SCD-1 changes SFA into monouretetll FA, was also more
prominent in HFD fed rats and less expressed in MEAHA250, and TAHA500

treated rats than the HFD control group (Figure8y).Zhe expression of FABP was
significantly upregulated in HFD fed rats and desed in MET, TAHA250 and
TAHAS500 treated rats than the HFD control group By, 3.0 and 3.1 fold,
respectively (Figure 4.24). The expression of APID@as significantly upregulated
in HFD fed rats and decreased in MET, TAHA250 akHAS500 treated rats than
the HFD control group by 4.0, 2.7 and 2.9 fold exdpwely (Figure 4.25). These
results indicate that TAHA treatment suppressesffB-induced hyperlipidemia and

hepatic TG accumulation.
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4.7. Effect of TAHA, AA, AG on pharmacokinetic and pharmacodynamic
parameters of MET

4.7.1. HPLC Chromatogram

A

coae Metformin

Ranitidine (IS)

L FPlasma spiked with Metformin
J
s a0ey Plasma spiked with Ranitidine
o VL . )-\ Blank Plasma
T T

Figure 4.26: HPLC-DAD chromatograms of blank plasmpéasma spiked with
ranitidine (Internal Standard - IS), plasma spikgth a mixture of ranitidine, and

metformin (MET).

Quantitative estimation of MET in rat plasma samplas done using previously
reported HPLC method. Optimized chromatographicddamns showed a good
separation of IS and MET standards. The retentroad for MET and IS were found

to be 11.02 min and 13.65 min, respectively.

Plasma sample preparation is an important stepjogeg to remove interferences
from biological samples using simple procedure hgwk suitable recovery. In the
present study, liquid-liquid extraction with sodidmdroxide and 1-butanol/n-hexane
(50:50, v/v) resulted in consistent good recoveoikanalytes. Ranitidine was used as

IS for MET because of similar chromatographic axtlaetion characteristics.
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As seen in the above figure, no interfering peaksnfendogenous compounds were
observed at the retention times of analytes and t8e matrix suggesting specificity

of the method.

Standard Curve of Metformin
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Figure 4.27: Standard Curve of Metformin

Table 4.7. HPLC validation data (Metformin)

Concentration Concentration Recovery' (%) CV (%)
added (ug/ml) measured (ug/ml)
0.8 1.388 +0.076 173.5 +9.46 5.46
6.4 6.382 + 0.386 99.71 +6.04 6.06
51.2 52.46 + 3.816 102.5 + 3.04 7.27

Concentration of Metformin (0.8, 6.4, and 51.2 u)radded and showed CV 5.46,

6.06, and 7.27 respectively.
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4.7.2. Effect of TAHA, AA and AG on the PK parametes of MET

Metformin levels in Normal rats
50+

@ MET

4% MET + TAHA
= MET+ AA
¥ MET+ AG

40+

pg/mi

-104

Figure 4.28: Effect of TAHA, AA and AG oNletformin levels in Normal Rats

Metformin levels in Diabetic rats

Figure 4.29: Effect of TAHA, AA and AG oMletformin levels in Diabetic Rats
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Table 4.8. Effect of TAHA, AA and AG on the Pharmaokinetic (PK)

parameters of Metformin (MET) in normal and diabetic rats

Normal MET MET +TAHA | MET + AA MET + AG
Cmax  (Hg/mL) 33.23+557| 37.2+454 34.88+7]0B4.69+12.76
Tmax  (Min) 80.00 + 34.64 120.0+0 105.0+30 90.044#63

AUC; (ug.h mL ) 131.3+18.39| 128.5+1.388130.8+6.72 122.8 +21.15
AUC, 119.3+37.1 1294+1.9 1244+119 1224+21.4
CL 459 +1.73 3.86 +£ 0.06 3.88 £ 0.47 4.18 +0.71
T 2.37 +£0.89 254 +0.61 3.38+0.68 297+21
vd 15.05+5.7 1417 +3.4 19.09+5/8 19.15+45/1
Kel 0.326 £ 0.11 0.286 £+ 0.07 0.211 +£0.040.346 + 0.22
Diabetes MET MET +TAHA | MET + AA MET + AG
Cmax  (Hg/mL) 4588 +2.00 | 37.7+10.87 39.44 +3[5484.88+2.21
Tmax  (Min) 35.00 £22.91 | 86.25 + 39.4550.0 + 8.66 55.00 + 8.66
AUC; (ug.h mL ) 193.0 +21.24 | 140.6 + 30.1870.7 +15.03 132.2 + 16.21
AUC,, 194.7 +20.2 | 140.7 £+30.16176.9+12.2 1359+17.7*
CL 2.59 +0.27 3.67+0.7* 2.83+0.19 3.72 £ 0.49*
T 1.65+0.48 4.16 + 2.44 1.55+0.20 1.79+1.15
vd 6.13+1.8 22.71 +14.4 11.94 £10.638.99 +4.85
Kel 0.45+0.13 0.22+0.12 0.45+0.06 0.50+0.24

Results were expressed as mean + SD.

AUC, area under the plasma MET concentration-timeves; AUG, up to the last
concentration measured; & Mmaximum concentration; mhy, time to maximum

concentration
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4.7.2.1 Effect of TAHA, AA and AG on the PK of METin normal animals

The MET concentration vs time curve was plottedtfer PK parameters calculation
(as shown in Figure. 4.28, Table 4.8). The PK patams such as, by Cnax AUC,
CL, and Vd were calculated (Table 4.8). In norm@ahwls, the MET reached anéx
of 33.23 + 5.5jig/mL at 80.00 + 34.64 min, and the AUCt was 131.28t39 g
h/mL. Co-administered TAHA (500 mg/kg) has a nagnfdiicant change in PK
parameters like Gax, Tmax AUC;, Vd and CL. Similarly, co-administered AA and AG
has a non-significant change in PK parameters a8Chax Cnax AUC;, Vd and CL

of MET.

4.7.2.2. Effect of TAHA, AA, and AG on the PK of MHE in diabetic animals

In diabetic animals, the mean plasma concentratidiET reached a Gax 0f 45.88 +
2.00 pg/mL at 35.00 £ 22.91 min, and the AU®as 193.0 + 21.24 h/mL. Co-
administered TAHA at a dose of 500 mg/kg has a signHicant change in PK
parameters like Gax Tmax AUC;, Vd and CL. Similarly, co-administered AA and AG
have a non-significant change in PK parameters@ikg, Tmax AUC;, Vd and CL of

MET. (Fig. 4.29, Table 4.8)
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4.7.3 Effect of TAHA, AA and AG on pharmacodynamicparameters of MET

Normal TC Diabetic TC
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Figure 4.30: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) co-administered with MET on TC
levels in Normal and Diabetic animals. Values werpressed as mean = SD. *

p <0.05, * p <0.01, ** p < 0.001 when comparetth metformin alone group.
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4.7.3.1 Total cholesterol (TC)

MET alone and co-administered with TAHA, AA and AlBcreased the TC levels in

diabetic animals as compared to the diabetic cbgtoup. (Table 4.9)

Normal HDL

Diabetic HDL

Vi)

Metf  TAHA+Metf AA+Metf  AG + Metf Diabetic Control ~ Metf TAHA'+ Metf  AA+Metf  AG+Metf

Figure 4.31: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract offerminalia arjuna (TAHA) co-administered with MET on HDL

levels in Normal and Diabetic animals. Values wexpressed as mean + SD.

4.7.3.2 HDL-cholesterol

In diabetic animals, MET co-administered with TAHAA and AG increased the

HDL cholesterol levels as compared to the dialbmiidrol group (Table 4.9).
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Figure 4.32: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract ofTerminalia arjuna (TAHA) co-administered with MET on TG
levels in Normal and Diabetic animals. Values wexpressed as mean = SD. ** p <

0.01, ** p < 0.001 when compared with the diabetntrol group.

4.7.3.3 Triglyceride levels (TG)

In diabetic animals, MET co-administered with TAHAd AG decreased the TG
levels significantly while MET alone and co-admiei®d with AA showed non-

significant results (Table 4.9).
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Figure 4.33: Effect of Arjun ghritah (AG), Arjunahta (AA) formulations and hydro-
alcoholic extract oferminalia arjuna (TAHA) co-administered with MET on OGTT

in Normal and Diabetic animals. Values were exm@éss mean.

4.7.3.4. OGTT

Glucose homeostasis was assessed in normal anetidiabimals treated with MET
alone or co-administered with TAHA, AA and AG by OGbefore and at the end of
the experiment. MET co-administered with TAHA, AAd AG reduced blood

glucose levels as compared to the diabetic cogtmip (Fig. 4.33).
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Table 4.9. Effect of TAHA, AA and AG on pharmacodyramic parameters of
MET (TG, HDL, TC)

Group Non-diabetic HDL (mg/dL) TC (mg/dL) TG (mg/dL)
Normal 24.39 +1.30 36.57 £0.78 34.63 £ 2.60
MET 2451 +1.32 39.43 £2.16 42.17 £ 3.73
TAHA + MET 27.64 £2.24 37.00 £ 1.68 46.14 + 3.00
AA + MET 30.06 +1.97 41.00 £1.23 37.67 £2.32
AG + MET 30.42 +£1.92 41.00+1.70 51.00 + 4.56
Group Diabetic
Control 23.25+2.21 50.5 +3.07 92.00 + 2.68
MET 23.48 £0.80 45.00 +4.08 71.00 £9.95
TAHA + MET 29.25+2.14 42.25 +2.93 49.14 +4.49
AA + MET 28.68 £ 2.46 42.20+1.11 66.80 +4.27
AG + MET 28.88 +1.75 46.25 + 2.02 51.20 + 3.49

Results are expressed as mean + SEM. *p<0.05 aimp@*001
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4.7.3.5. Effect of TAHA, AA and AG on histopatholog of kidney and liver tissue

Liv MET K10 " Liv MET + TAHA K20 T Liv MET + AA K28

Figure 4.34 Histopathological changes in kidney bivér tissues in normal and STZ diabetic animedsied with metformin (MET) alone or

co-administered with T. arjuna hydroalcoholic egtrd@ AHA), Arjunarishta (AA), Arjun Ghritah (AG)
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Morphological features of kidney remained normatha normal group (Fig. 4.34 Kid
Normal M1). The STZ-induced diabetic control grqéjg.4.34 Kid Diabetic Control
K1) showed congestion and haemorrhages; focal aubsMvelling, granular and
vacuolar changes in the cytoplasm; infiltration mbnonuclear cells. The STZ-
induced damage to the kidney cells was not revers®ET alone group (Fig. 4.34
Kid MET K10) only along with tubular degenerationsloughing of the tubular
epithelium; necrotic changes of tubular epitiraland glomerular changes. MET
co-administered with TAHA, AA and AG (Fig. 4.34 KIRMIET+TAHA K20, Kid
MET+AA K28, Kid MET+AG K38) showed reversal changeeT alone group in
diabetic treated animals. The liver cells of thenmal group (Fig. 4.34 Liv Normal
M1) showed eminent hepatocytes with central vewnglwith portal triad. The
damage to the liver cells in the form of sinusoidahgestion and haemorrhages; focal
cellular swelling, granular and vacuolar changasthe cytoplasm of hepatocytes;
degenerative changes in hepatocytes; infiltratidnnmmnonuclear cells (MNC),
granuloma/lymphoid aggregation could be seen in &E8ived group (Fig. 4.34 Liv
Diabetic Control K1). The damage to the liver celias not reversed in MET alone
group (Fig. 4.34 Liv MET K10) only. MET co-admingsed with TAHA, AA and AG
(Fig. 4.34 Liv MET+TAHA K20, Liv MET+AA K28, Liv MET+AG K38) showed
reversal changes MET alone group in diabetic tckat@mals except for sinusoidal
congestion and haemorrhages; focal cellular swgllgmanular and vacuolar changes

in the cytoplasm of hepatocytes.
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4.8 Effect of TAHA, AA, AG on enzyme inhibition asay

4.8.1 Effect of TAHA, AA, AG ona-amylase inhibition assay

Table 4.10. Effect of TAHA, AA and AG osramylase inhibition assay

Conc % inhibition
Acarbose TAHA AA AG
Blank 0 0 0 0
5 pg/mL 7.57 +1.40 NA NA NA
10 pg/mL 1543 £1.27 8.43+151 2.11 £0.17 1.44 £0.32
20 pg/mL 23.71£1.60 13.71 +1.60 4.80 +1.93 5.11+£1.86
40 pg/mL 39.00£2.65| 20.86+2.34 7.13 +1.27 7.19+2.12
80 pg/mL 52.86 £+ 1.77| 33.43+5.06 9.80+1.82 10.34 £ 216
160 pg/mL 76.86 + 3.72 50.86 + 2.67 12.80 £ 3.1 11.78 £ 2,59
320 pg/mL NA 71.00 + 4.66 15.92 + 3.64 17.43+4.53

TAHA - Hydroalcoholic extract of Terminalia arjuna; AA - Arjunarisht; AG -

Arjun Ghritah

In this assay, acarbose is utilised as a standardi-Bmylase inhibition assay.
Acarbose (concentrations 5-16@/mL) demonstratedi-amylase inhibition from

7.57+£1.40 to 76.86+3.72% with and@ralue 62.35+5.39g/mL (Table 4.10).

The percentage inhibition of the TAHA, AA and AG oramylase enzyme was
studied in a range of 10-32@/mL. The TAHA extract has shown inhibition of from
8.43£1.51 to 71.00+4.66% with andCvalue 145. 90+16.34g/mL. The 1G value
for a TAHA extract was 145.90+16.34g/mL, which is lesser to standard anti-
diabetic drug acarbose, which was 62.35+5.84nl (Table 4.10). The AA and AG

did not showr-amylase inhibition activity.
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4.8.2 Effect of TAHA, AA, AG on DPP-4 enzyme inhildion assay

Table 4.11. Effect of TAHA, AA, AG on DPP-4 enzynmhibition assay

Concentration % inhibition
Sitagliptin
Blank 0
1nM 11.33+4.44
5 nM 22.67 £ 3.57
10 nM 38.44 £ 5.53
20 nM 58.11 +7.11
40 nM 70.22 +5.72
80 nM 81.44 +5.08
100 nM 87.00 £ 3.04
% inhibition
Conc
TAHA AA AG
Blank 0 0 0
10 ug/ml 1.88 +0.92 3.11+1.17 5.44 + 1.59
50 pg/mi 3.77 £1.71 3.89 +0.93 7.11+1.76
100 pg/ml 6.33+1.94 5.13 +1.27 9.89 + 2.52
200 pg/mi 10.33 +2.35 7.89 +1.62 11.44 + 3.36
400 pg/mi 14.67 +2.69 9.80 +1.62 13.78 +2.99
800 pg/mi 18.56 +2.79 12.87 +2.21 15.22 +2.82
1000 pg/ml 24.67 £2.40 16.89 + 2.09 18.67 + 3.04

TAHA - Hydroalcoholic extract of Terminalia arjuna, AA — Arjunarisht , AG -

Arjun Ghritah
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Sitagliptin, which had an IC50 (half of the maximiahibitory concentration) of 18
nM, was used as control (Table 4.11). The TAHA, aAd AG did not show DPP-4
inhibition activity. Table... shows that the DPRnhibitory activity of TAHA, AA

and AG against DPPIV were not decreased in a deperalent manner.
4.9 Effect of TAHA, AA, AG on adipocyte differentiation assay

Table 4.12. Effect of TAHA, AA, AG on Adipocyte Ddrentiation Assay

Group Concentration % induction % reduction
(Hg/mL)
Control 100 0
TAHA 50 100 0
100 97 3
AA 50 100 0
100 94.1 5.9
AG 50 96.5 35
100 93.3 6.7
Cerulenin 5 66.0 £ 9.6 34.0+9.6
10 56.5+194 435+194
Rosiglitazone 5 109.7 £ 16.0 -9.7+16.0
10 113.1 +20.7 -13.1 £ 20.7

The TAHA, AA and AG did not show a reduction in diloplet formation. Positive
control, i.e. Rosiglitazone, showed a concentratiependent increase in the oil drop
formation and adipocyte differentiation. Whereasrumin control showed a
concentration-dependent reduction in and adipodjitierentiation and oil drop

formation.
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5. DISCUSSION

Characterization is an essential prospect of shpwire calibre of any traditional
herbal formulations. There are numerous studiescandioprotective actions and
phytochemical analysis of AA and TAHA; yet, no reggsoon the characterization of
AG [150-152]. This work attempted to characterizee tTA related ayurvedic
formulations for its specific phytochemicals suchajunetin and arjungenin. The
chromatograms of standards (arjunetin and arjumyediA bark extract and TA

related ayurvedic formulations were compared.

Medicinal herbal plants were essential to the imigls and communities health
[153-158]. TA is a general medicinal herbal platitized in the pharmacological
system to care for different degenerative disorderpreviously reported work, the
phytochemical analysis mentioned a huge quantity pbfytosterol, lactones,
flavonoids, phenolics compounds and glycosides t@miins present in methanol
extract of TA bark. Natural antioxidants found hetplant sources, like tocopherols,
phenolic acids, flavonoids, etc [159]. The flavatisi antioxidative property is
because of several mechanisms, like chelation @gélnnens, inhibition of enzymes
responsible for a free radical generation and stging of free radicals, [160, 161].
More than 2000 flavonoids have been reported amamagly and non-woody plants

[162].

HFD-fed model is a suited model for the investigatiof drugs influencing the
pathogenetic mechanisms of MS. HFD feeding effetyiinduced obesity in animals,
as evidenced by a significant body weight gainth& end of the work, the average

body weight of animals in the HFD control group wsamificantly increased by 27.7
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% than the normal group. Among all these treatmemty MET, AG450 and AG900
group showed a significant body weight reduction 1544, 23.2 and 22.8 % as
compared to the HFD control group respectively. B®30, TAHA500, AA0.9 and
AA1.8 group rats showed a tendency, though not &igaificant level, toward
reduction of body weight gain by 11.6, 10.7, 12rd d2.5 % caused by HFD

respectively.

To evaluate the antihyperlipidemic effect of theH& AA, and AG in dyslipidemia,
we have investigated the plasma TG, TC and HDL eotmation in HFD-fed rats
treated for 12 weeks. As per previous studies, H&® animals showed enhance
levels of both plasma TGs and cholesterol in theuétion, compared to vehicle.
During an OGTT, HFD fed rats were represented erddhrglucose levels at 120
minutes followed by a four hr return to normal gise levels. Additionally, we
noticed that after 12 weeks of HFD administratiats rdepict glucose tolerance, as
presented during the OGTT by the impaired gluco®eirsion. We consider that this

effect might be because of insulin resistance dgmeént [163, 164].

TAHA, AA and AG intervention could be involved itd partial improvement of
body weight, improvement in glucose uptake andlligompositions in the HFD fed
rats. Furthermore, the expression of different gemwolved in lipogenesis, lipid
storage, and gluconeogenesis was evaluated tosiaddrthe molecular mechanism
of TAHA, AA, and AG intervention. The PEPCK enzymassociated with
gluconeogenesis is a rate-limiting. Due to HFD, EERexpression was up-regulated

in rats [164].

In this study, PEPCK expression was not increaggdficantly in the HFD control

group. However, administration of TAHA, AA and AGteaed expression of the
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PEPCK gene. Therefore, TAHA, AA and AG induced laypierglycemic effect
through hepatic glucose production suppressiontolueduction in the expression of
PEPCK in HFD fed rats. Reconstitution of a fat stiorthe liver of TAHA treated rats
may be complex, involving a reduction in FA oxidatiand an enhanced in de novo
FA synthesis and FA uptake from peripheral fat edorHowever, in these
circumstances, the effort of de novo lipogenesaging an essential role as TAHA,
AA and AG treatment did induce APOC-III, FABP, aB&€D-1 expression in MS
rats. The HFD enhanced the FABP expression iniviee dlue to increased fatty acid
flux derived from dietary fat [165]. Evidence sugtge that proteins related to
lipoprotein transport, like, APOC-III may significtly alter the procedure of body fat
accumulation, which increased adiposity in respoiws@n HFD in rat [166]. To
determine the changes related with the lipogenesihie ACC gene expression was
assessed, and among all groups, there was noisagmitlifference in the expression
levels. The Acox-1 plays an essential role in lipahstitutions. FA degradation takes
place viap-oxidation [167]. In this study, the Acox-1 genepeession was increased
by over 5-folds in the MS rats following TAHA treaént, which may provide clear

evidence that TAHA could decrease TG concentratiarieading lipid3-oxidation.

TAHA showed a precise effect on lipid metabolisra xegulation of the lipogenesis
and lipolysis. Moreover, PPAR related genes, likeoXd and CPTd, were up-

regulated. These TAHA, AA and AG-regulated changegene expression were
related to the improvement in the hyperlipidemiag &G content, which probably
simulated the alteration in the metabolism. ThraugHipogenesis, the malonyl-CoA
developed from the ACC reaction enhances and i@ubCPT-4, leading in theB-

oxidation pathway inhibition [168]. In this studwe detected a significant rise in

MRNA levels of the CPTd, responsible for the fatty acid transport intoaguitondria.
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In the liver, FA may either undergo the mitochomtr-oxidation for energy

production.

The decreased expression of the CRTgkne in HFD fed rats may explain the
minimization of FA oxidation, which responsible fetevating TG synthesis. This
study results also suggest that acquisition ofliBdevels in HFD fed rats livers was
due to an increase in the lipid flux. In HFD fedsrathe antihypertriglyceridemic

effect of TAHA and AG was expressed, with a deceeasTG and TC levels through
faster lipoprotein clearance. This discussion igicmed by the enhanced FAT/CD36
and reduced APOC-III expression in TAHA treated.r&nhanced FAT/CD36 gene
expression could express the enhancement in FAeusadhe liver as formerly

reported [169]. Therefore, based on these redhiseffect of TAHA, AA and AG

may mediate through the glucose and lipid metabmiislated genes in the HFD fed

rats.
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Figure 5.1. A schematic representation summarisepatic glucose and fatty acid

metabolism in the liver
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Figure 5.2. Effect of T. arjuna on carbohydrate Bpid metabolism-related genes

Systemic inflammation in [IUGR rats

Chronic hyperglycemia also triggers a rise in vasigecondary mediators, which can
be of inflammatory and non-inflammatory origins.binef, chronic multi-generational
caloric restriction triggers an increase in vistediposity, which in turn converts
macrophages to its active form. Macrophages aaivatelicits a systemic
inflammatory response indicated by the rise in TiN&Ad IL-6 [170]. TLR-4 plays an
important role in the conversion of activated MZpbtype to M1 phenotype [171].
Rise systemic inflammation also activates cytopiasmediators like IKKB and Jun
to enhance transcription of NF-kB, a master regulahat then activates the
inflammatory cascade. Each of the above-mentioredrslary mediators has been
implicated in the pathogenesis of T2DM [172]. Feample, it is well appreciated
that TNFe and IL-6 can impair insulin signal transductionilmpairing the tyrosine
phosphorylation of the insulin receptor, thus aeading insulin resistance. NF-kB
also inhibits the triad of AMPK-SIRT1-PGGtlthat is vital in mitochondrial
energetics and maintaining insulin sensitivity [L7Sirtl has been implicated in the

ageing, cell proliferation and involved in protectifrom metabolic syndrome at a
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molecular level. Both, SIRT1 and AMPK are up-regedbwith caloric restriction and
exercise which in turn can trigger GLUT and IRS3timulate glucose uptake in the
cell [174]. However, postnatal protein undernutntis known to down-regulate both

IRS and SIRT1 [175].

In normal physiology, NF-kB and the AMPK-SIRT1-P@g+riad are well regulated.
However, in the case of chronic inflammation, NF-&oression exceeds and down-
regulates the triad. Therefore, attempts are dmtbsmall molecules that stimulate
this triad or independent elements in a triad. Viachjani et al. now show that sirtuin
can dampen NkB-dependent gene expression, thus showing a pessaninection
between ageing, metabolism, and inflammation [1Rgsveratrol, a polyphenol is
known to do so [177]. Metformin also stimulates AKIRrom this triad [178].
Antihyperglycemic activity of metformin is attriced to its AMPK modulating
activity. Adiponectin is also a potent modulator BGC-I and PPARy [179].
Adiponectin also up-regulates GLUTs to bring insuBensitization [180]. Thus
targeting the inflammatory mediators in congruewith the AMPK-SIRT1-PGC-d
triad can achieve modulation of multiple downstreavents that can bring insulin

sensitivity.

TAHA, AA and AG decrease systemic inflammation tng insulin sensitivity in
insulin resistance rats. Gene expression studiesustrate the primary activity of
TAHA, AA and AG as an anti-inflammatory. The detetiof TLR4 decreases the
impact of HFD diet-induced obesity on insulin résige supports a direct connection
to the conversion of activated M2 to an activatetl plhenotype [181]. This suggests
the TAHA, AA and AG might be bringing anti-hypergbmic activity and insulin

sensitization by its anti-inflammatory activity. Tidrich in polyphenols. Polyphenols
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are known to inhibit NF-kB [182]. Therefore, TAHAA and AG bring about insulin

sensitization by its anti-inflammatory effect.

Effect of TAHA, AA and AG on Adiponectin, AMPK-SIRIFPPARy

Polyphenols act as a positive modulator of AMPK &I&T-1 [183]. Activated
AMPK increases the production of ATP by regulatifegty acid and glucose
metabolism. TAHA, AA and AG represented increasedhe expression of AMPK
(PRKAA-2). Thus TAHA, AA and AG demonstrate cardiofective activity.

Following figure 4.30 suggests possible mechanishastion of TAHA, AA and AG.

Figure 5.3. Possible mechanisms of TAHA, AA and AG

Treatment of AA for three months increased adipbneeceptor two significantly.
Adiponectin has a direct correlation with insuliensitivity and CVDs. High
molecular weight adiponectin is a predictor of insuesistance, T2DM and MS
[184]. Adiponectin exerts its effect through modida of AMPK [185]. This

suggests that the effect of TAHA, AA and AG on AMRKght be regulated through
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the increase of adiponectin. However, we have ookdd specificity at the ratio of

adiponectin to its high molecular weight fraction.

One of the mechanisms by which TAHA exhibited ypdglycemic potential in vitro
assay is through the inhibition afamylase. AA and AG did not showamylase
inhibition activity [186]. However, the methanoliequeous and 50% methanolic

extract of TA was reported foramylase inhibition activity [187, 188].

The diabetic patient is utilizing complementaryeaiative medicine (CAM) from
17% to 73% of herbal forms [189]. TA is a crucighditional medicine use for
dyslipidemia and CVD from various years. Patiemtsiagesting TA with allopathic
hypoglycemic drugs. Therefore, there is a needrifl versus benefits assessment

when TA is co-administered with allopathic hypoggac drugs.

This investigation aimed to assess the PK and R&adations of TAHA, AA, AG

with metformin (MET), in diabetic rats.

The effect of TAHA, AA and AG on the PK parametafsMET in normal and
diabetic animals has been studied. Co-administrasfoTAHA, AA and AG did not
affect MET pharmacokinetic parameters. TAHA, AA ah@ did not represent any
change in Gax Tmax AUC,, Vg and CL of MET in both normal and diabetic animals
except co-administration of AG significantly desed AUC, and significantly

increased CL parameters in diabetic animals.

PD interactions of TAHA, AA, and AG with MET wereuslied in an STZ-induced
diabetic rat model. Effect of TAHA+MET, AA+MET andlG+MET was studied on
their antihyperglycemic and antihyperlipidemic pudtal. Co-administration of

TAHA, AA, and AG with MET did not show any change HDL and TC levels in
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normal and diabetic animals. Similarly, Co-admi@son of TAHA, AA, and AG

with MET did not show any change in glucose homesistin normal animals, but co-
administration of TAHA, AA, and AG with MET showedl significant decrease in
blood glucose levels as compared to a diabeticrabgtoup. Co-administration of
TAHA, AA, and AG with MET did not show any change TG levels in normal

animals, but co-administration of TAHA and AG wIMET showed a significant
reduction in TG levels as compared to a diabetrdrob group. The diabetic animals
indicated elevated levels of plasma TC and TG aedahsed levels of HDL as
compared to a normal group (p < 0.05). In histologikidney and liver, STZ-induced
damage to the kidney and liver cells was not reacis MET alone group but MET
co-administered with TAHA, AA and AG showed revérshanges as compare to
MET alone group in diabetic treated animals. Ratgetbeen utilized for better effect
of sub-chronic concomitant administration of TAHAEW and AG+METfor seven

days resulted in beneficial PD interaction leaditag better antihyperlipidemic,
antihyperglycemic action and histological changedissues without affecting PK
parameters of metformin. However, these resultsraméed further studies after

chronic co-administration as case studies or ctattdrials in humans.
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6. SUMMARY

The present thesis " Molecular Mechanism and Herb-Drug Interaction of TAHA
and its Ayurvedic Formulations in Metabolic Syndrome" aimed to develop a
method of TAHA and its ayurvedic formulations using HPLC analysis method. To
study the effect and molecular mechanism of TAHA and its ayurvedic formulations in
a HFD-fed rat model. To assess the activity of TAHA and its ayurvedic formulations
in enzyme inhibition assays and adipocyte differentiation. To determine the effect of
TAHA and its ayurvedic formulations on MET levels and glucose uptake in normal

and diabetic animals.

Based on the literature, TA can be judged as a cardioprotective herbal drug with huge
therapeutic prospect. Since CVD is complex, the pleiotropic actions of TA in
modifying severe cardiovascular risk factors place this herbal medicine on a unique
stage for its development in future. As adequate gaps present in the literature about
the molecular mechanism, and HDIs, more research study in this direction using a
rigorous systems biology concept is required to cover the essential issues mentioned

above.

TAHA, AA and AG intervention could be involved in a partial improvement of body
weight, improvement in blood glucose uptake and lipid compositions in the HFD fed
rats. The proposed mechanism of action of TAHA, AA, and AG was through
inflammatory, obesogenic, insulin-related, energy expenditure related, lipid and

carbohydrate metabolism-rel ated genes.

The results of this study suggest the standardization of arjungenin and arjunetin

phytochemical specific markers in AA, and AG. This work can be used for quality
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assurance and control process of manufacturing of AA and AG formulations. TAHA
exhibited its hypoglycemic activity mediated through the o-amylase enzyme

inhibition assay.

The HDI study demonstrated that the effect of sub-chronic concomitant
administration of TAHA+MET and AG+MET for seven days proved in beneficia PD
interaction contributing to better antihyperlipidemic, antihyperglycemic activity and
histological changes in tissues without affecting PK parameters of MET in diabetic

condition.

This study has shown that the functional aspects and pleiotropic actions of TA and its
ayurvedic formulations, especidly in metabolic syndrome. Though severd
pharmacological previous studies affirm its benefit in the hyperglycemia, CVD,
hyperlipidemia as per traditional application, using more in-depth state of the art

technology is warranted to evaluate the efficacy of TA and its ayurvedic formulations.
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7. CONCLUSION

Phytochemically standardised TAHA, AA and AG intervention could be involved in a
partia improvement of body weight, improvement in glucose uptake and lipid
compositions in the HFD fed rats. The possible proposed mechanism of action of
TAHA, AA, and AG was through inflammatory, obesogenic, insulin-related, energy
expenditure related, lipid and carbohydrate metabolism-related genes. TAHA
exhibited its hypoglycemic activity mediated through the o-amylase enzyme

inhibition assay.

The HDI study evidenced that in diabetic experimental condition, the effect of sub-
chronic concomitant administration of TAHA+MET and AG+MET for seven days
proved in beneficial PD interaction contributing to better antihyperlipidemic,
antihyperglycemic activity and histological changes in tissues without affecting PK
parameters of MET. This study has shown that the functional aspects and pleiotropic

actions of TA and its Ayurvedic formulations, especially in metabolic syndrome.
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Arjunarisht in high-fat fed animals. J Ayurvedadgt Med. 2018; 9: 45-52.

2. Shengule SA, Mishra S, Patil D, Joshi KS, PatwandBa Phytochemical
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quality assurance. Indian J of Traditional Knowl@d19;18[1]:127-32.
[IF 1.061]

3. Shengule S, Mishra S, Bodhale S. Inhibitory effeft a standardized
hydroethanolic extract oferminalia arjuna bark on alpha-amylase enzyme.
Asian J Pharm Clin Res. 2018; 11(4):366-9.

4, Shengule SA, Mishra S, Joshi K, Apte K, PatwardBaPossible mechanism
of action of T arjuna bark extract mediated throligid metabolism-related
genes in experimental hyperlipidemia. Fitoterafiiender Preparation]

5. Shengule SA, Mishra S, Joshi K, Apte K, PatwardBaikffect of Terminalia
arjuna bark extract on hepatic genes in a diabetic radehdiochemical and
molecular mechanism study. [Under Preparation]

6. Shengule SA, Kumbhare K, Patil D, Mishra S, AptePatwardhan B. Effects
of Terminalia arjuna extract and its formulations on the PK and
pharmacodynamics of Metformin in healthy and diabetrats.

[Under Preparation]

Fulltext of published papers were included in & bf the thesis for reference
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Oral / Poster presentations:

02/2019 Poster presentation at 23rd National Quiwe of Society of
Pharmacognosy & and International Conference onw‘Nage
Opportunities and Challenges for Quality, Safetg &MP’s in Herbal

Drug Development”. CSIR-NBRI, Lucknow, India

02/2015 Oral presentation at 2nd International gtess of Society for
Ethnopharmacology, “validation of medicinal plargad traditional

medicine - global perspectives” Nagpur, India
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ANNEXURE II: MATERIALS AND METHODS

2.1. Materials

2.1.1. List of chemicals and materials used for egpiments is given below:

Table 2.1. List of chemicals and materials

Sr. No. Particulars Make/Source
procured from the local market of Pune, and
1 TA bark authenticated by Agharkar Research Institute
(ARI), Pune, India
2 HPLC grade methanol | Merck, India
3 Water Milli-Q (Millipore)
4 HPLC grade acetonitrile | (Merck)
_ . . _ | HPLC phytochemical markers from the
5 Arjunetin and arjungenin . ]
Natural Remedies Pvt. Ltd. Bangalore, India.
6 Kits Crest Biosystem (India)
7 Normal and HFD diets VRK Nutritional Solutiongyri®, India.
8 Marketed formulations, (Batch No. GA-06, Sandu Pharmaceutigals
i.e., Arjunarishta (AA) Ltd. Goa, India)
) ) (Batch No. 116, Nagarjun Pharmaceuticalsg P.
9 Arjun Ghritam (AG)

Ltd. Ahmedabad, India)
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2.1.2. List of equipment used for experiments is gen below:

Table 2.2. List of equipment

Sr. No. Particulars Make/Source
1 Soxhlet extraction Borosil
2 Rotary evaporator Buchi Rotavapor
3 HPLC system Dionex P680

2.2. Experimental Design

The plan of work was as follows:

Standardization of TAHA & its ayurvedic formulations (AF)

Eftect of TAHA & its AF
high fat fed rat model

3

Selective Gene Expression
studies using Real Time PCR

N

Enzyme mhibition assays and
adipocyte differentiation studies

$

Determining Molecular
mechanism of TAHA & its AF

$

Herb Drug Interaction study
TAHA and its AF in rats.

B

Pharmacodynamic &
Pharmacokinetic interaction
studies with metformin

B

Stastical analysis using Graph
Pad & Instant Software

Figure 2.1. Experimental Design
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2.2.1. Preparation of Standard
Stock solutions of both phytochemical markers pregpp@eparately in methanol. Final
used concentration (1000, 500, 250, 125, 62.5,53@ml) was made up by further

diluting with methanol.

2.2.2. Preparation of Sample

AA 5 mL sample was added to a centrifuge tube, #reh 10 mL of methanol
included and vigorously stirred for 5 minutes tls¢gind for 10 minutes to settle down
the precipitated sugars. After 10 minutes, the amethextract was separated. Then,
the separated solution was filtered through a gmgMillipore) filter, and 20uL was
used for HPLC analysis. AG 10 mL sample was pooredO g silica gel powder, and
20 mL n-hexane was added and vigorously shake$ fminutes then stand for 10
minutes to the precipitate the ghritah componert sitica gel powder in 50 mL
centrifuge tube. After that, n-hexane was pipetieand removed without upsetting
silica gel powder. This procedure was repeateacehiThen add 20 mL acetonitrile
(ACN) solvent and vigorously shake for 5 minutesrtistand for 30 minutes to settle
down the precipitated silica gel powder. After thACN was pipetted out. The
supernatant (1 mL) was filtered through a 0% (Millipore) filter, and 20uL was

injected for HPLC analysis.

2.2.3. HPLC System

Conditions

A Dionex P680 HPLC system including autosampleDianex UVD 170U/340U
photodiode array detector and thermostatted coleompartment (Dionex Corp.,

Germering, Germany) was used for analysis. The RPEDS Hypersil column (250
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x 4.6 mm, 5um particle size) from Thermo Corp. (PA). Dionex Qineleon 6.70

software was used for analysis [141, 142].

2.2.4. Estimation of arjunetin and arjungenin in aTAHA bark extract, AA, AG

The analysis was achieved with an RP C18 BDS Hiipsskuimn (250 x 4.6 mm, 5
pm particle size) at a column temperature 26°C. S¢pmaration was performed with
the gradient program for pump A (ACN: water, 30:adp pumped B (ACN: water,
70:30) as follows: initially 30% B, flow rate 0.8Liminutes; increased gradually to
50-70% B up to 30 minutes, flow rate 1.2 ml/minufBsen washed the column for 20
minutes, 30% B, a flow rate of 0.8 ml/minutes. Tdetection wavelength was used

220 nm, and the 20uL injection volume was usedtfandard and sample [141-143].

2.2.5. Data Analysis for HPLC analysis
Data analysis was performed by similarity and \tames observed in peak areas,
spectral patterns, and retention time values of femaks obtained in the

chromatograms of ayurvedic formulations and TA bexiact.

2.3 Method validation
The HPLC analysis method validation was performedoading to the industrial

guideline for analytical method validation.

2.3.1 Specificity

The specificity of the HPLC analysis method wasestigated by analysing samples
from at least six different batches to evaluategbtential interferences at the HPLC
peak region for analytes. The acceptance critdnothe HPLC analysis method was
that at least four out of six batches should haapaonse less than five times of the

LLOQ level response in the same solvent.
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2.3.2 Linearity

The linearity of the HPLC analysis method was getegl by evaluation of five
calibration curves containing six different conecatbns. The calibration curve for
arjunetin and arjungenin (1000, 500, 250, 125, 621525 pg/mL) was demonstrated
by plotting the peak area each analyte againstdh@nal concentration of calibration
standards in methanol. This action was repeatesixoonsecutive days with freshly
prepared standards. Each calibration curves weaki&ed individually by fitting the
area response for analyte as a function of stanctamdentration, using least square
weighted or no weighted (Hor 1/x) linear regression and excluding the paifit
origin [144]. The acceptance criteria for each beakulated standard point were +

15 % deviation from the nominal value except at Q,Qvhich was set at + 20 %.

2.3.3 Precision and Accuracy of the HPLC method

Arjungenin and Arjunetin samples (at a concentratdd 1000, 500, 250, 125, 62.5,
31.25 pg/ml) were prepared. Inter- and intra-dasags were repetitively performed
on the samples at six different days and same daytHree different times,
respectively. The precision was evaluated by catog the % CV of variances intra-
and inter-day while accuracy was calculated from tlominal concentration (&)

and the mean value of observed concentratigp)(€s follows: accuracy (bias, %) =

[(Chom - Cobg / Crom] X 100.

2.4 Animal study

2.4.1 Animals and experimental design:

Male Wistar (MWR) and IUGR rats of 8-10 weeks werachased from the APT
Testing and Research Pvt. Ltd. (Previously knowrmNagonal Toxicology Centre),

Pune, India. The Institutional Animal Ethics Context approved the preclinical
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experiment. Rats were acclimatized at a temperatugd °C with 40-65% humidity

and a photoperiod of 12 hr day/night cycle. Food water were supplied ad libitum.
General procedures

After acclimatization for a week, the rats weredamly divided into ten groups, as

follows:

Normal Group: MWR + Normal Diet + Water (n=6)

HFD Control Group: IUGR + HFD Diet + Water (n=6)

MET Group: IUGR + HFD Diet + MET (n=6)

TAHA250 Group: IUGR + HFD Diet + TAHA 250 mg.Kg(n=6)
TAHA500 Group: IUGR + HFD Diet + TAHA 500 mg.Kg(n=6)
AAO0.9 Group: IUGR + HFD Diet + AA 0.9 ml.K§(n=6)

AA1.8 Group: IUGR + HFD Diet + AA 1.8 ml.K§(n=6)

Ghee Group: IUGR + HFD Diet + Ghee 900 mg{g=6)
AG450 Group: IUGR + HFD Diet + AG 900 mg.K¢n=6)
AG900 Group: IUGR + HFD Diet + AG 450 mg.K¢n=6)

The drugs were administered once a day. The duarafithe animal experiment was
90 days. Oral glucose tolerance test (OGTT) watbpaed on day 88. Rats were fed
a regular diet and HFD containing 13.8% of protdid% of fibre, 5.1% of minerals

and vitamins, 48.7% of carbohydrates and 28% of Tae weight of the rats was
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measured at the beginning and every week untiletiek of the experiment. Blood
samples were obtained through cardiac punctureruyeteeral anaesthesia before rat
sacrifice. Plasma samples were obtained by cegéaifon at 2,000 x g for 15 min and
used for laboratory analysis. Liver samples weoeest at -80 °C for isolation of total

RNA.

Table 2.3. HFD-composition

Ingredient Grams
Casein, Lactic, 30 Mesh 200.00 g
Cystine, L 3.00¢g
Lodex 10 125.00 g
Sucrose, Fine Granulated 72.80 ¢
Solka Floc, FCC200 50.00 g
Lard 245.00 g
Soybean Oil, USP 25.00 ¢
Mineral 50.00 g
Choline Bitartrate 2.00 g
Vitamins 1.00g
Dye, Blue FD&C #1, Alum. Lake 35- 0.05¢
42%

2.4.2. Plasma lipid profiles

TGs, TC, and HDL were measured using the commekitiéCrest Biosystem, India)

[88].

Page 122



Annexure-l1-Materials & Methods

2.4.3. Oral glucose tolerance test (OGTT)

The last oral dose of vehicle, TAHA or MET was adistered 24 hr before the
OGTT. Rats were food-deprived for 12 hr, and a agbecload of 2 g/kg was
administered orally. The glucose levels were meabuusing a glucometer
(AccuChek Active, Roche Diagnostics USA). The blogds collected through the
tail vein, before and at 60 minutes, 120 minut&§ minutes, and 240 minutes after
glucose dose and the area under the curve (AUQ)lanfd glucose were used to
compare differences in the glucose excursion cuavesng groups. The trapezoidal

method was used to calculate the total area uhédrlbod glucose curve [88].

2.4.4 Gene expression related results

2.4.4.1 RT-PCR analysis

After sacrifice, rat livers were removed and stoaed80 °C for total RNA extraction
using the TRI reagent (Sigma-Aldrich). Total RNAsaextracted from liver samples,
as stated before [88]. Total RNA was quantifiechgsa NanoDrop spectrophotometer
(Thermo Scientific, USA). For RT-PCR analysis, Esgand cDNA was synthesized
using High Capacity cDNA Reverse Transcriptase(Kjiplied Biosystems, USA).
RT-PCR was carried out in a 20 volume reaction containing each primer, 50 ng of
cDNA and tenuL of Power SYBR Green Master Mix (Applied BiosystentUSA).
Gene expression was normalized using the referayae glyceraldehyde 3-
phosphate dehydrogenase (GAPDH). Each sample vahgzead in duplicates, and the
relative transcript quantity was calculated acawgdio the method of 2*¢T. All
primers were obtained from IDT-Integrated DNA Teglogies, Inc (Coralville, IA,

USA).
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Table 2.4. Primer details

Prod
Gene Name Forward Primer 5’-3’ Reverse Primer 5'-3 uct
size
Apolipoprotein | APOC | GGCCACCACAGCTATATC | GATCCTTGCTGCTGGGCTQ 103
C-lll 11l AGACTC TA
ACO-
Acyl-Coenzyme| A AGGTGCGGTCGGGGAAGT| GCTGTGGCTGGATCCGCT 77
A oxidase 1 | oxidas T G
el
Stearyl-
Coenzvme | SCD-1 AGATCCTCCCTACCTCCAC| CCCTCTCGTTCAGTGGTTG 164
y CCCTA CCTC
A desaturase
PhosphoenolpYf bep | GGAGTGGATGTTCGGACG| TCCGAACAGCTCCTCCAC
uvate 126
. K CA GT
carboxykinase
Fatty acid FABP ATGTGTGATGCCTTTGTGG| TACTCTCTGACCGGATGAC 169
binding protein GGA GACC
Carnitine
almitovitransfe CPT- | CCTGTGAATACTTGGGCG | TCCCCAGGCCTAACCATTC 142
P y la TCTG C
rase
Fatty acid CD-36 GCTGCACGAGGAGGAGAA| CCAAACACAGCCAGGACA 84
translocase TGG GCAC
Glycerol 3-
GAPD | CATCGTAGGCTCCGGCAA| AGTTAACTTTCTGCCCCCG
phosphate 132
H CT ATG
dehydrogenase
Glucose-6- G6P CAAGAGCTGCAAAGGAGA | TCAGCGAGTCAAAGAGAT 94
phosphatase ACTG GCAG
Aldose TCCCCAGACAGGCCTAGT | CGGCCACGTTCCTCTCTAT
AR 135
reductase GC ATG
) ATGAGGCGATGGGACACG| CGGTAGTTGGGTCGACAG
Glucokinase GK AA CA 131
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Mitogen-
activated | MAP | CGGAGATGACTGGCTATG | TGATGCAGCCAACAGACC |
protein kinase K TGGTG AGATA
p38delta
Phosphatidylino CCAGGAGCGGTACAGCAA | AGTCTCCTCCTGCTGTCGA
. . PI3K 134
sitol 3 kinase AG TGA
Creactive | .., | AGTCTGCAGAAGGGCTAC| TCCCACCAAAGACTGATT |
protein ATTGTG CGC
Insulin growth | -~ | <~ TGCTCTTGCTGCTGCTG CTCTCGCACCAAGCTCGG
factor - binding 147
. BP T C
protein
Fattyacid | _ . | CAACCTGATAGTGAGCGG | AGACAGACTCGGACTCGG | o
synthase GAAAG CG
S”ggscer:‘;'t: cpaT | APATGCTGCGGAAAAACTA | TGAAGGAAGGATTGCTGG |
phosp CGG TAACA
acyltransferase|
SREBF SREB | GGGAAGTACAGTGGGGTC| TCGGAGGCTGCAGTTGGG
149
chaperone F AGCC G
Stearoyl-
oo A | sep.q| CCACAACTACCATCACGC | CAGTCGATGAAGAACGTG | o
y cTTCC GTGAAG
desaturase 1
Squalene s | GAGAGCAAGGAGAAGCA | CCCACCAGTCCAGCAACA |
synthetase CCGA TAGT
Chgﬂrsgggﬁitam MCP- | TGCTGTCTCAGCCAGATG | TACAGCTTCTTTGGGACAC| ,
. 1 CAGTTA CTGCT
protein-1
interleukin1 | | | AGCAGCTTTCGACAGTGA | TCTCCACAGCCACAATGA | |\,
beta GGAGAA GTGACA
Tumor Necrosis TNF-q AGAACAGCAACTCCAGAA | TGCCAGTTCCACATCTCGG 149
Factor CACCCT ATCAT
Do 9SS PRKA | AAGCATCGATGATGAGGT | AGACAGTGAATGGTTCTC |
| A2 GGTGGA GGCTGT
Alpha-2
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ACAACCTCCTGTTGGCTG | TCACTAGAGCTTGCGTGTG

Sirtuline-1 Sirt-1 ATGAGA ATOCT 134
Interleukin-6 IL-6 AACTCCATCTGCCCTTCAG| AAGGCAGTGGCTGTCAAC 131
GAACA AACATC

2.4.4.2 Herb-drug interaction study

Male Wistar rats (160 and 200 g) were supplied hyidshal Toxicology Centre, Pune,
India. The animals were housed in standard comditiof temperature (22 + 5°C),
humidity (55 = 15 %), in 12 h light-dark cyclesdafed with standard laboratory
animal pellet diet as well as tap wated libitum. The Institutional Animal Ethics
Committee approved the protocol for the study ofidteal Toxicology Centre, Pune,

India.

2.4.4.3 Animal study protocol

A study was performed to evaluate the effects ofHBAextract, AA and AG
formulations on pharmacokinetic of Metformin in kg and diabetic Wistar rats.
The study was performed into two parts, i.e., Ingalind diabetic animals. Forty
healthy rats were randomly divided into their redpve treatment groups (Eight rats
in each group). The detailed study groups wereolsws:Group I: MWR+Vehicle
(distilled water); Group II: MWR+MET (200 mg/kg;@); Group IlI: MWR+TAHA
(500 mg/kg; p.o.); Group IV:MWR+AA (1.8 ml/kg; p)p.Group V:MWR+AG (0.9
g/kg; p.o.). The above animals in group | to V wamated with their respective
treatments from day 1-7. From day 8-15, all anineaisept vehicle were co-
administered with MET tablet (200 mg/kg; p.o.). @woid any physicochemical
influence on GLM absorption, GLM was given to d&etanimals by gavage an hour

later.
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Antidiabetic and hypolipidemic activities of AA werevaluated at the dose of 1.8
ml/kg once daily, which was extrapolated from tlula dose commonly used in
humans [88]. According to the dose translation framimal to human studies, we
used the body surface area (BSA) normalization atetio convert the dose from
human to rat. Rats were fasted for 12 h beforedsieparameter evaluation and taking
final blood samples, but they were allowed freeeasdo tap water. The duration of
the experiment was 16 days. Oral glucose tolertestavas performed on day 15. On
day 16 of the experiment, heparinised blood sampkse drawn by exsanguinations
from barbiturate-anaesthetized animals. Plasma sgsarated immediately by

centrifugation.

The time intervals were selected with commonly ustedtegies for pharmacokinetic
studies knowing the total blood consumption shawt be over 20 % of the body

blood volume.

Animals were anaesthetized with ketamine-xylazimaeathesia, and blood was
collected from the retro-orbital route (0.3 mL) EDTA vacutainer (3 mL, BD
Biosciences). After drug administration, eight aaisnwere further subdivided into
two groups with four animals each. The sample sizs calculated as per the
resource equation method [146]. Sampling intervadse collected at 0, 0.25, 1, 4, 8
and 24 h interval in the first subgroup and 0, @5,6 and 12 h in the second
subgroup. Animal blood samples were centrifuge®@Q0 g for 15 min at 4°C to
obtain the plasma which was stored at -20 °C usmihlysis using HPLC-PDA
method. Body weight was monitored on day O, 7,a 16. Other parameters such

as FBGL, TG, HDL and TC were measured on tH2 dz#y.
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2.4.4.4 Induction of Diabetes

The overnight fasted rats were induced diabetesifgle intraperitoneal injection of

freshly prepared STZ (45 mg/kg BW) in 0.1M citratgfer (pH 4.5) in a volume of 1

mL/kg BW and control normal rats (NC group, n=8)a®ed vehicle (citrate buffer).

The fasting glucose levels were assessed by tal pencture method using one-
touch glucometer (Accu-Chek Active). The incepti@iue of fasting glucose level to
diagnose diabetes was considered to be more ttamgH&IL after 72 h and used for
HDI study. Forty diabetic rats were randomly diddeto their respective treatment

groups (Eight rats in each group) as per healthgtualy.

2.4.4.4.1. Oral glucose tolerance test (OGTT)

On completion of 16 days of dosing, all rats weastéd for 14 h before being

subjected to OGTT by administering glucose soluglaylkg by the oral route. Blood

samples were obtained through a cut-tail method, &0, 120, and 180 minutes for
glucose determination [146]. The trapezoidal metivad used for the calculation of
the total area under the blood glucose curve. Blglodose content was measured

using a commercial glucometer (Counter, Bayers).

2.4.4.4.2. Bodyweight

All animals were monitored for body weight durirgttreatment period.

2.4.4.4.3. Biochemical Analysis

At the end of the treatment period, after overnigisting and under anaesthesia with
ketamine: xylazine (65:10 mg/kg), the blood wademtéd in EDTA tubes from the
animals' heart. The Plasma was separated by agygtibn at 8,000 rpm for 10 min
from the collected blood samples and analyzeddta tholesterol (TC), HDL-C and

TG levels by using diagnostic kits (Crest Biosystémdia).
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2.4.4.4.4. Histopathology:

After blood collection, animals were sacrificed logrvical dislocation under
anaesthesia at the end of the experimental pealowied by fixation of liver and

kidney in 10% neutral buffered formalin for routihéstopathological examination.
The formalin-fixed tissues were dehydrated in adgda series of ethanol and
embedded in paraffin wax before sectioning. Theclolof tissues was sectioned,

stained with haematoxylin and eosin (H&E) and exsdiunder a light microscope.

2.4.4.4.5. HPLC-PK method

Previously reported HPLC-PDA method was modified aised for the analysis of
metformin from rat plasma, using ranitidine as ting standard (IS). The suitability
of the method was justified by validating the bialgtical method in terms of
selectivity, linearity, sensitivity, precision, acacy and recovery following USFDA
Guidance for Industry for bioanalytical method dalion. Blank rat plasma was
spiked with working solutions of metformin to prepacalibration standards at
concentrations 0.8, 1.6, 3.2, 6.4, 12.8, 25.6 dnd jig/mL. Similarly, quality control
samples were prepared in six to replicate each&i{lI0C), 6.4 (MQC) and 51.2

(HQC) ng/mL.

100 uL plasma sample was vortex mixed with 2D of internal standard solution
(30pg / mL ranitidine in methanol) followed by atioin of 100uL of 8M NaOH and
1.3 mL of 1-butanol/n-hexane (50:50, v/v) to théduollowed by 2 min shaking.
After centrifugation at 10,000 g for two min., tbeganic layer was separated. Then,
100 pL of 1% acetic acid was added, and the mixture wagrtex, followed by

centrifugation for 2 min. The organic phase wasaesd, and 5Q.L volume of the
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agueous phase was injected into the HPLC systemn@) with a gradient pump

having a photodiode array detector.

Metformin and internal standard were eluted on getlyil Gold phenyl column
(250mmx4.6 mm, @pm: Thermo Fisher Scientific, Mumbai, India) by ugin
acetonitrile and phosphate buffer (0.020 M; pH with 35: 65 v/v) as mobile phase
in an isocratic elution program of 10 minutes dorat The flow rate was 1.5
mL/minutes. The column and autosampler were maiathiat 40 °C and 4 °C,
respectively. The selectivity of the HPLC analysisthod was evaluated by analyzing
the plasma sample of 7 different untreated anirabdag with LOQ sample in six
replicate. The precision of the HPLC analysis méthvas evaluated by analyzing the
guality control samples in six replicates in twdfetient days along with freshly
spiked calibration standards. Recovery of the ntthias evaluated at LQC level by
comparing the instrument response of analyte and &tracted plasma sample with
the instrument response of same in unextractedt(dample. Data acquisition was

performed with Chromeleon software.

2.5 Enzyme Inhibition Assay

2.5.1 Assay of alpha-amylase inhibition

A mixture of 50uL of extract or acarbose and p 0.02 mol sodium phosphate
solution (pH 6.9 with six mmol sodium chloride) taiming alpha-amylase solutions
(13 U/mL) were incubated for 10 minutes at 25°CteAfpre-incubation, 5QL 1%
soluble starch solution in 0.02 mol sodium phosplsaiution (pH 6.9 with six mmol
NaCl) was added to each well at timed intervalentincubated for 10 minutes at
25°C, followed by addition of 1 ml dinitrosalicylacid colour reagent. Then, the test

tubes were placed in hot water (at 80°C for 10 rtergtop the reaction. The reaction
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mixture was diluted with 1 ml distilled water anbdsarbance was read at 540 nm

[147, 148].

Each experiment was repeated three times, andateeayeraged for reporting. All
values were expressed as mean + standard dev{&ion The inhibition percentage
was estimated using the following formula:

% Inhibition = [(Abs control - Abs sample)/Abs caolf *100

The IC50 values were determined through nonlinegression by fitting to a sigmoid
dose-response equation with variable slope usingpldtad Prism5 software

(GraphPad Software, Inc. La Jolla, CA, USA).

2.5.2 DPP-IV inhibition assay

DPP-1V assay was performed in triplicate followitmg modified method of Al masri
et al. [149]. In a 96-well titer plate reader, ttieomogenic substrate is cleaved by the
serine protease DPPIV resulting in the releaseap&-pitroaniline (pNA), a yellow
coloured product (measured at 405 nm). Sitagliptvas diluted to various
concentrations (1, 5, 10, 20, 40, 80, 100 nM) uding—HCI buffer (50 mM, pH 7.5)
and the final volume was made to 35 pL. Absorbamas measured at 405 nm in a
multiplate reader (Bio-TEK, USA). 15 pL of the DP¥P-enzyme (0.05 U/mL) was
added to the above mixture. One unit enzyme agtivds mentioned as the amount
of enzyme that catalyzes the release of 1 pmol fifdAr the substrate/min under

assay conditions.

After adding the enzyme, the mixture was pre-intetbefor 10 min at 37#C to
enhance the binding capacity of the inhibitor. Twas followed by addition of 50 pL

of Gly-pro-p-nitroanilide (GPPN 0.2 mM in Tris—HCAy a substrate and incubated at
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37 -C for 30 min. The reaction was terminated usingiR%f 25% glacial acetic acid,
and the absorbance was measured at 405 nm usingcratiter plate reader.

Experiments were performed in triplicates.

The results obtained were compared with the negatontrol (no inhibitor). The
TAHA extract, AA and AG (100 mg) was dissolved iméthyl sulphoxide (DMSO)
(0.5%) 10 mL of distilled water to make a stock @emtration of 10 mg/mL. From the
stock, the following working concentrations (0.15,01, 2, 4, 8 and 10 mg/mL) were
prepared. 20 pL of each of above stock concentraiticas made to 35 pL using Tris—
HCI buffer (50 mM, pH 7.5) to obtain final inhibitp concentrations of 10, 50, 100,
200, 400, 800 and 1000 pg/mL, respectively, intal twell volume of 100 pL. The
assay was performed in triplicates according to $tendardized procedure of
sitagliptin. The hydrolysis of the substrate wasiitared at 405 nm wavelength using
a Microplate reader from Electronics Corporationrafia Limited. The activity was
expressed as DA 405 nm/min. The experiment wasopeed in triplicate and
compared with negative control (enzymatic solutisithout inhibition), while

standard DPP-IV inhibitor drug sitagliptin employasia positive control.

2.6.3 Adipocyte differentiation assay

The ABTS, IBMX, Insulin, Dexamethasone, Cerulen@®lucose and Carrageenan
were obtained from Sigma-Aldrich Chemical Co., US. chemicals used were of
Analytical grade and purchased from a local suppli€ultures of 3T3-L1
preadipocytes (ATCC no. CL-173) were obtained frblational Centre for Cell

Science, Pune, India.
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In brief, 3T3-L1 preadipocyte was seeded as 5 X cdis/well in 24 well plates.
After reaching the confluence (48 h), the preadypex were induced by IBMX +
insulin (10 mg/mL) medium to differentiate to adjytes for another 48 h. The
TAHA, AA, AG and Cerulinin (a known anti-differemtiing agent) were added at
different concentration and incubated at 37 °C uidenidified 5% CQ atmosphere.
The medium was then changed every two days with PIMBntaining 10% FBS and
five pg/ml insulin. On day 6, the medium was rentbvantirely for triglyceride
estimations. Formaldehyde was added slowly to eweh and kept for 30 min at
room temperature. Formaldehyde was then aspiratedi,Oil Red O solution (0.5
g/100 pL isopropanol) was added in each well amtubated for 1 h at room
temperature. The stain was removed entirely anchadhsvith distilled water twice.
After drying the plate, photographs were taken. ThieRed O stained oil droplets
were extracted in Isopropyl alcohol and absorbaneas determined

spectrophotometrically at 520 nm [143].

3. STATISTICAL ANALYSIS

The experimental results were represented as tlam mastandard deviation (SD) for
six rats in the group. One-way analysis of variaffddOVA) with Dunnett's multiple
comparison tests were used to evaluate experimdatal Differences were believed
significant at p<0.05. Statistical analyses werdgomed using Prism, GraphPad 5

Software(San Diego, USA).

Results were expressed as meanzSEM. The PK panmansetsh as the area under the
plasma concentration-time curve (AUC), terminainghiation half-life ({,,) and oral
clearance (CL) were estimated. The maximum plasomzentration (Gay and the

time to reach Gax (Tmax) Were obtained directly from the plasma concerutnatime
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curve. The area under the plasma MET concentraitio@-curve (AUC) up to the last
concentration measured (AlQvas determined using the linear trapezoidal ke
AUC was extrapolated to infinity AUCusing G/Ke, where Gis the last measured
MET concentration, and is the elimination rate constant determined frdra t
terminal slope of the log concentration-time plaalf-life (t1;) was calculated as
0.693/Ks.. The CL was calculated as dose/AU[R28]. All values were expressed as
mean = SD. Results were evaluated using one-way YWA/Gollowed by Dunnett's
post-hoc test to determine significant differenae®ng the means. Differences were
believed significant at p<0.05. GraphPad Prismigars.0, GraphPad Software Inc.,

was used for statistical analysis.
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Background: Arjunarishta (AA), a formulation used as cardiotonic is a hydroalcoholic formulation of
Terminalia arjuna (Roxb.) Wight and Arn. (TA) belonging to family Combretaceae.
Objective: To evaluate the anti-hyperglycemic and anti-hyperlipidemic effect of Arjunarishta on high-fat
diet fed animals.
Materials and methods: High-fat diet fed (HFD) Wistar rats were randomly divided into three groups and
treated with phytochemically standardized Arjunarishta (1.8 ml/kg), and hydroalcoholic extract of
T. arjuna (TAHA) (250 mg/kg) and rosuvastatin (10 mg/kg), for 3 months. Intraperitoneal glucose toler-
ance test, blood biochemistry, liver triglyceride and systolic blood pressure were performed in all the
groups. Effect of these drugs on the expression of tumor necrosis factor-o. (TNF-a) and insulin receptor
substrate-1 (IRS-1) and peroxisome proliferators activated receptor y coactivator 1-¢. (PGC-1a)) were
studied in liver tissue using Quantitative Real-time PCR.
Results: HFD increased fasting blood glucose, liver triglyceride, systolic blood pressure and gene
expression of TNF-a, IRS-1 and PGC-1c. Treatment of AA and TAHA significantly reduced fasting blood
glucose, systolic blood pressure, total cholesterol and triglyceride levels. These treatments significantly
decreased gene expression of TNF-a (2.4, 2.2 and 2.6 fold change); increased IRS-1 (2.8, 2.9 and 2.8 fold
change) and PGC-1a. (2.9, 3.7 and 3.3 fold change) as compared to untreated HFD.
Conclusion: Anti-hyperglycemic, anti-hyperlipidemic effect of Arjunarishta may be mediated by
decreased TNF-a and increased PGC-1a. and IRS-1.
© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

Type 2 diabetes (T2DM) is associated with abnormal glucose
utilization, insulin resistance, and hyperlipidemia. Lipoprotein ab-

Natural products have been considered the leading source of
treatment for several human diseases due to their wide chemical
diversity and biological actions. Diabetes remains the most com-
mon metabolic disorder, generally differentiated by hyperglycemia
with disturbance of carbohydrate, fat, and protein metabolism
resulting from defects in insulin secretion, action or both [1,2].
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normalities are the major cause of cardiovascular (CV) morbidity
and mortality in diabetes patients who require additional lipid-
lowering agents along with their antidiabetic medications while,
available antidiabetic agents do not exert a favourable effect on
lipid abnormalities [3]. The commonly used anti-hyperlipidemic
agents such as statins adversely manipulate glycemic control. Due
to this reason, the need for novel treatment strategies which offer
more benefits to patients suffering from T2DM was created,
focusing on treatments that produce better glycemic control,
appetite regulation, blood pressure, lipid reduction and weight loss.
Also, there has been a growing emphasis on therapy of

0975-9476/© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:joshikalpana@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaim.2017.07.004&domain=pdf
www.sciencedirect.com/science/journal/09759476
http://elsevier.com/locate/jaim
http://dx.doi.org/10.1016/j.jaim.2017.07.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.jaim.2017.07.004
http://dx.doi.org/10.1016/j.jaim.2017.07.004

46 S.A. Shengule et al. / Journal of Ayurveda and Integrative Medicine 9 (2018) 45—52

hyperlipidemia associated with diabetes to develop newer antidi-
abetic agents with potential anti-hyperlipidemic effects [4].

Traditional Indian Medicinal System (TIMS) utilizes a large
number of plants and derived preparations, which are often diffi-
cult to characterize through phytochemical, pharmacological, and
toxicological investigations. Terminalia arjuna (Roxb.) Wight and
Arn. (TA) and its traditional preparations were used in Ayurveda for
their cardiotonic and antidiabetic effects for many years [5,6].
Several clinical investigations have suggested its usefulness in
relieving angina pain and in the treatment of coronary artery dis-
ease, heart failure and possibly hypercholesterolemia [7—9].
Raghavan and Krishnakumari have provided evidence for the
beneficial effect of hydroalcoholic bark extract of TA (TAHA) in
relation to the treatment of diabetes, reporting a reduction in
serum glucose levels as well as protection against the destruction of
pancreatic beta cells and kidney damage in animals with alloxan-
induced diabetes [10].

Few studies have been undertaken to understand the mecha-
nism of this plant in diabetes and its related complications [11].
Earlier studies indicated that the anti-inflammatory and antioxi-
dant activities of TA could be the one of the mechanisms behind its
antidiabetic effects [12]. Till date, the exact molecular mechanism
of TA bark in diabetes is unknown. Chemically, TA contains poly-
phenols such gallic acid, ellagic acid, and triterpenoids like arju-
nolic acid, arjunic acid, arjunetin, arjungenin, arjunglucoside I and
1[13].

In Ayurveda, Arjunarishta (AA) is an ancient hydroalcoholic Ay-
urvedic formulation having the highest percentage of TA and used
for the treatment of CVD. It nourishes and strengthens the heart
muscle and promotes cardiac functioning by regulating blood
pressure and cholesterol [14].

Therefore, the present study was undertaken to evaluate the
anti-hyperglycemic and anti-hyperlipidemic effects of phyto-
chemically standardized AA in high-fat diet fed (HFD) animals.

2. Materials and methods
2.1. Test materials, extraction, and formulation

The dried bark of TA was purchased from Trimurti Traders, Pune,
India. A botanist authenticated the plant material from Agharkar
Research Institute, Pune, India. The sample was deposited at
Agharkar Research Institute, Pune, India with voucher specimen no.
S/B-109. The dried bark was extracted with ethanol : water (70:30 v/
v) using Soxhlet extractor for 3 consecutive days at 65 °C. The extract
was dried under vacuum using rotary evaporator at 45 °C. AA;
traditional formulation containing TA was procured from the local
market (Batch no. 25; Sandu Pharmaceuticals Ltd., Mumbai, India).

2.2. Chemical characterization of selected test materials using
HPLC-PDA analysis

Chemical characterization was carried using polyphenolics such
as gallic acid, ellagic acid, and quercetin by HPLC method [15]. The
method was modified as per laboratory conditions [15,16]. Promi-
nence HPLC system (Schimatzu, Japan) equipped with the binary
pump, autosampler, a column oven and a photodiode array detec-
tor was used. Chromatographic separations were carried out using
C-18 analytical column (150 x 4.6 mm, 5 pum particle size; Syn-
cronis, Thermo Scientific, USA). Gradient elution with water con-
taining 0.5% acetic acid as component A and acetonitrile : water
containing 0.5% of acetic acid (80:20 v/v) as component B were
used.

The non-linear gradient elution program: 0—10 min 10% of B;
10—20 min 20% of B; 20—30 min 40% of B; 30—40 min 60% of B;

40—45 min 70% of B; 45—55 min 10% of B and equilibrated with
initial conditions for another 5 min. The flow rate and oven tem-
perature were used at 1 ml/min and 25 °C respectively. All chro-
matograms were monitored at 270 nm. The method was validated
for linearity, accuracy, and precision.

2.2.1. Reference compound preparation

Each reference compound (10 mg) was dissolved in 10 ml of
methanol. Serial dilutions were carried out from the working stock
solution in methanol (600 pg/ml). Calibration curves were plotted
from concentration range of 3.125—100 ug/ml in triplicate.

2.2.2. Sample preparation

Sample preparation was done as per previously reported
method [15]. Briefly, 10 mg of TAHA extract was dissolved in 10 ml
methanol, and the solution was filtered through 0.45 um membrane
filter. AA (1 ml) was dried on a rotary evaporator for 0.5 h, and 5 ml
of methanol was added. It was sonicated for 10 min and then
centrifuged at 3000 rpm for 10 min. The supernatant (1 ml) was
passed through 0.45 um membrane filter. Sample solutions of 20 pl
were used for HPLC analysis. The peaks of ellagic acid, gallic acid,
and quercetin were identified by comparing their retention time
values and UV spectra with those of standards. The marker contents
for TAHA and AA were expressed as mg/g and pg/ml respectively.

2.3. Study animals and ethics committee approval

Male Wistar rats, weighing from 200 to 250 g body weight were
used in this study. Animals were procured and maintained at Na-
tional Toxicology Centre, APT Research Foundation, Pune, India.
They were housed in makrolon cages under standard laboratory
conditions (light and dark cycle of 12 h at temperature 21 + 2 °C
with a relative humidity of 55 + 10%). The animals were fed with
commercial HFD (45%) procured from VRK Nutritional Solutions,
Pune, India. The composition of HFD is mentioned in Supp.
Table no. 1. All animals had free access to water during the exper-
imental period. The study protocol was approved by Institutional
Animal Ethics Committee (Certificate was attached as Supp. Figure.
No. 1). All institutional and national guidelines for the care and use
of laboratory animals were followed.

2.4. Experimental design

Forty animals were randomly divided into five groups contain-
ing eight animals in each group. The detailed study groups were as
follow: (Group I) Normal Diet + Vehicle (distilled water), (Group II)
HFD + Vehicle (distilled water), (Group III) HFD + Rosuvastatin
(10 mg/kg), (Group IV): HFD + AA (1.8 ml/kg), (Group V)
HFD + TAHA (250 mg/kg).

According to the conversion table based on surface area, the
adult human dose multiplied by 0.018 gave the dose for rat
weighing 200 g [17]. The dose was selected based on adult human
dose (20 ml per day). It was converted using USFDA guidance
considering the weight of rat as 200 g. Animals were studied for
glucose tolerance using intraperitoneal administration of glucose
(2 g/kg). Blood was collected for evaluation of serum biochemical
parameters such as total cholesterol (TC), triglyceride (TG) and high
density lipoproteins (HDL). The animals were then sacrificed, and
liver tissue was collected and stored at —70 °C for RNA isolation.
RNA was isolated for gene expression studies.

2.5. Collection of blood samples and lipid profile test

The blood samples were collected on the 90th day from the
retro-orbital venous plexus of rats without any coagulant for the
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separation of serum. Serum samples were analyzed for biochemical
parameters with the help of commercially available kits produced
by Crest Biosystem, Pune, India (Crest Biosystems a division of Coral
Clinical Systems is a part of the innovative Tulip Group of Com-
panies). Low density lipoprotein cholesterol (LDL-C) and very low
density lipoprotein cholesterol (VLDL-C) were calculated by using
Friedewald's equation [18].

2.6. Intraperitoneal glucose tolerance test (IPGTT)

Animals were fasted overnight before IPGTT. An IPGTT was
performed on male Wistar rats 90 days after the onset of treatment.
Rats were injected with p-glucose at 2 g/kg body weight. Blood
samples were drawn from the tail vein before glucose adminis-
tration at 60,120 and 180 min thereafter. Blood glucose content was
measured using a commercial Glucometer (Contour, Bayers). The
results were expressed as area under the curve (AUCp—180 min)
calculated by using GraphPad Prism 5.00 Software [San Diego, USA]
[19,20].

2.7. Systolic blood pressure determination

Systolic blood pressure was measured in consciously restrained
animals with a tail-cuff sphygmomanometer, using a non-invasive
blood pressure instrument (AD Instrument, Australia). Thirty
minutes before the measurements, the animals were placed into
restrainers, with the tail exposed. The tail cuff was fitted to the base
of the tail, and the pulse sensor was place just behind the tail cuff.
The pressure in the occlusion cuff and the pulse signal were
recorded in a Power Lab/400 system. The initiation of the pulse
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signals, after the inflation peaks, was correlated with the pressures
in the occlusion cuff to obtain the mean systolic blood pressure
readings for each animal.

2.8. TG levels in liver, peritoneal and epididymal tissue

TG was extracted from liver, peritoneal and epididymal tissue
overnight in 500 pl heptane-isopropanol (3:2) at 4 °C. TG content
was measured using a colorimetric kit as described above. The
organic layer was collected and dried. The residue was dissolved in
isopropanol for measuring triglyceride content with a colorimetric
kit. All values of tissue triglyceride content were corrected for
respective tissue weight and intra-assay co-efficient variation was
7.8% [21].

2.9. Hematology

To evaluate the toxicological effect of chronic supplementation
of TAHA and AA, hematological parameters such as white blood
cells (WBC), red blood cells (RBC), platelet count, hemoglobin (Hb)
level, mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), mean corpuscular volume
(MCV) were determined by the use of automated hematological
analyzer.

2.10. RNA isolation and real-time PCR analysis
Total RNA was isolated using the TRI reagent (Sigma—Aldrich),

according to the manufacturer's instructions. Total RNA (2 ug) was
reverse transcribed into first-strand cDNA (ABI) following the
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Fig. 1.

HPLC chromatogram of a. Reference standard spike polyphenols gallic acid, ellagic acid, and quercetin; b. Hydroalcoholic extract of T. arjuna (TAHA); c. Arjunarishta (AA).
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Table 1
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Retention time and relative concentration of polyphenols in Arjunarishta (AA) and the hydroalcoholic extract of T. arjuna (TAHA).

Sr. no. Compound name R¢ (min) (ng/ml of AA) (mg/g of TAHA)
Reference standard AA TAHA
1 Gallic acid 2.362 2.248 2.358 92.18 + 1.184 2.443 + 0.090
2 Ellagic acid 24711 24.720 24.709 244.6 + 8.676 7.901 + 0.786
3 Quercetin 31.987 31.944 31.974 15.82 + 1.832 3.20 £ 0.351
Results were expressed as mean + SEM.
manufacturer's procedure. The synthesized cDNA (50 ng/ul) was 3. Results

used as a template for polymerase chain reaction (PCR) amplifica-
tion. Real-time PCR was performed using step one Real-time PCR
system (ABI).

PCR was carried out for 45 cycles using the following conditions:
denaturation at 95 °C for 45 s, annealing at 62.7 °C for 30 s, and
elongation at 72 °C for 15 s. The relative expression levels of the
target genes were calculated as a ratio to the housekeeping gene
GAPDH. All the samples were in triplicate and each time no tem-
plate control was done during plate run. Melting curve analysis was
performed to assess the specificity of the amplified PCR products. A
dissociation curve analysis of all primers showed a single peak. The
primers used for SYBR Green Real-time PCR are mentioned in the
Supp. Table 2. All relative quantification analysis was represented in
the form of relative expression to the normal group (delta delta Ct)
[22].

2.11. Statistical analysis

The experimental data were expressed as mean + SEM. The
significance of difference among the various treated groups and
control group were analyzed by mean of one-way ANOVA followed
by Dunnett's multiple comparison tests using GraphPad Prism 5.00
Software [San Diego, USA]. p < 0.01 and p < 0.05 were considered as
statistically significant.
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3.1. HPLC-PDA analysis

Phytochemical standardization of AA and TAHA was carried out
using selected marker-based approach. Polyphenolic compounds
such as gallic acid, ellagic acid, and quercetin were used as chemical
markers for standardization purpose. The marker contents were
estimated using earlier reported HPLC-PDA method modified with
column and mobile phase gradient. The optimized chromato-
graphic conditions showed good resolution of all the peaks. The
presence of marker contents in the AA and TAHA was identified
using retention time (tg) and UV spectra matching with corre-
sponding reference standards (Fig. 1). The tg for gallic acid, ellagic
acid, and quercetin was found to be 2.36, 24.71 and 31.98 min
respectively. The spectral overlays showed the presence of UV
spectra at 270 nm and were matched with the reference standard
(see inset of Fig. 1). Quantitative estimation of these marker com-
pounds was carried out using external standard calibration
method. The calibration plots of concentration versus peak area
were constructed in the range of 3.125—100 pg/ml.

The content of gallic acid, ellagic acid, and quercetin was
2.443 + 0.090, 7.901 + 0.786 and 3.20 + 0.351 mg/g respectively in
TAHA whereas 92.18 + 1.184, 244.6 + 8.676 and 15.82 + 1.832 pg/ml
respectively in AA (Table 1 and Fig. 1). These quantitative estima-
tions were consistent with earlier reports on AA and TAHA.
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Fig. 2. Effect of Arjunarishta (AA) and the hydroalcoholic extract of T. arjuna (TAHA) on IPGTT in HFD fed rats (A) blood glucose levels and (B) AUCy_1s80 min- Results were expressed as

mean + SEM [N = 8]. *p < 0.05 and ***p < 0.001 as compared to diabetes control.
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Fig. 3. Effect of Arjunarishta (AA) and the hydroalcoholic extract of T. arjuna (TAHA) on systolic blood pressure in HFD fed rats (A) 1 month and (B) 3 month. Results were expressed

as mean + SEM [N = 8]. *p < 0.05 and **p < 0.01 as compared to diabetes control.

3.2. Hematology

Treatment with rosuvastatin, AA, and TAHA for 90 days did not
alter the hematological investigations. No significant changes were
observed on WBC, RBC, platelet, hemoglobin, percent hematocrit,
MCV, MCH and MCHC in treated animals.

3.3. Intraperitoneal glucose tolerance test (IPGTT)

Glucose homeostasis was assessed in HFD fed animals treated
with test materials by glucose tolerance test before and at the end
of the experiment. Oral treatment of AA and TAHA significantly
reduced AUC of blood glucose levels by 33.1% (p < 0.01) and 43.6%
(p < 0.01; AUCo—180 min) as compared to diabetes control (DC) an-
imals respectively (Fig. 2).

3.4. Systolic blood pressure

Hypertension effect was tested on experimental animals after
30 and 90 days of initiating the study. Elevated systolic blood
pressure was observed in the DC animals by 12% in comparison to
healthy control (HC) animals. As shown in Fig. 3, a significant
reduction of systolic blood pressure was demonstrated in animals
treated with AA (p < 0.01), TAHA (p < 0.05), and rosuvastatin
(p < 0.05) as compared to DC animals.

3.5. Metabolic parameters

HFD-fed animals showed a significant increase in TC, TG, LDL-C,
VLDL-C (p < 0.001) and a significantly decreased level of HDL-C
(p < 0.001) compared with the HC animals. HFD-fed animals
with TAHA, AA, and rosuvastatin showed a significant fall in the
level of TC, TG, LDL-C, VLDL-C (p < 0.05) and a significantly
increased level of HDL-C compared with the DC animals (p < 0.05)
(Table 2).

Table 2

3.6. TG levels in liver, peritoneal, and epididymal tissues

HFD-fed animals showed a significant increase in TG levels in
liver, peritoneal and epididymal tissue after 30 and 90 days
(p < 0.05) compared with the HC animals. HFD-fed animals with
TAHA, AA, and rosuvastatin showed a significant fall in the level of
TG in liver, peritoneal, and epididymal tissue after 30 and 90 days
compared with the DC animals (p < 0.05) (Table 3).

3.7. Molecular mechanism study

AA and TAHA were found to be modulating expression of insulin
sensitizing genes. Significant reduction in pro-inflammatory cyto-
kine TNF-a, gene expression was observed in animals treated with
AA and TAHA.

3.7.1. Inflammatory gene expression

The expression of the inflammatory gene in the liver is given in
Fig. 4. The inflammatory gene, TNF-o. was markedly upregulated in
DC animals compared to HC animals, indicating the increase in
cytokine levels which results into inflammation. Whereas, treat-
ment with AA, TAHA, and rosuvastatin markedly downregulated
(p < 0.05) mRNA expression of TNF-a. (2.4, 2.2 and 2.6 fold change
respectively) as compared to DC animals.

3.7.2. Insulin sensitizer gene expression

The expression of insulin sensitizer gene in the liver is given in
Fig. 5. The insulin sensitizer genes including IRS-1 and PGC-1a were
downregulated in DC animals as compared to HC animals
(p < 0.05), indicating the insulin resistance through the inflam-
matory pathway. AA, TAHA, and rosuvastatin treatment signifi-
cantly enhanced mRNA expression of IRS-1 (2.8, 2.9 and 2.8 fold
change) and PGC-1a (2.9, 3.7 and 3.3 fold change) as compared to
DC animals.

Effect of Arjunarishta (AA) and the hydroalcoholic extract of T. arjuna (TAHA) on metabolic parameters in HFD fed rats.

Metabolic parameters

TG (mg/ml) TC (mg/ml) HDL (mg/ml) LDL (mg/ml) VLDL (mg/ml)
Healthy control 110.25 + 3.33"** 157.25 + 4.77** 41.0 + 2.65"*" 93.75 + 4.56™* 22.05 + 0.66™*
Diabetic control 264.5 + 6.99 303.0 +9.11 2375+ 1.25 226.0 + 8.09 529 + 1.40
Rosuvastatin 150.75 + 5.76™** 243.75 + 14.65* 31.75 + 2.25* 181.5 + 13.88* 30.15 + 1.15***
AA 182.75 + 5.93"** 23925 + 7.28™ 33.0 + 2.19% 169.5 + 9.53** 36.55 + 1.18™*
TAHA 200.5 + 5.38™* 235.75 + 6.68™* 32.25 + 1.70* 163.0 + 8.40"** 40.1 + 1.08***

Results were expressed as mean + SEM [N = 8]. *p < 0.05, **p < 0.01, ***p < 0.001 when compared with diabetic control group. TG, Triglyceride; TC, Total Cholesterol; HDL,
High-density lipoprotein; LDL, Low-density lipoprotein; VLDL, Very low-density lipoprotein.
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Table 3

Effect of Arjunarishta (AA) and the hydroalcoholic extract of T. arjuna (TAHA) on triglyceride levels in liver, peritoneal, and epididymal tissues after 30 and 90 days treatment.

Group

Liver (mg/dl)

Peritoneal (mg/dl) Epididymal (mg/dl)

Healthy control After 30 days

266.4 + 16.15*

332.8 + 22.25* 318.9 + 36.35*

After 90 days 464.2 + 23** 296.3 + 58.75"** 236.9 + 27.71***
Diabetic control After 30 days 381.1 + 25.24 530.9 + 36.05 600.9 + 61.75
After 90 days 753.5 + 50.51 533.6 + 20.99 421.5 + 10.15
Rosuvastatin After 30 days 280.5 + 14.15* 272.1 + 17.5%* 314.6 + 23.5™
After 90 days 553.6 + 41.1* 373.4 + 40.64* 260 + 22.5**
AA After 30 days 237.9 + 42.51** 285.6 + 31.51* 190 + 37.24***
After 90 days 327.3 + 204" 304.7 + 43.65** 263 + 4.676***
TAHA After 30 days 2383 +19.11* 327.2 + 25.09** 503.7 + 6.35
After 90 days 251.0 + 6.35"** 249.3 + 28.32*** 240.1 + 8™

Values were expressed as mean + SEM [N = 8]. *p < 0.05, **p < 0.01, ***p < 0.001 when compared with diabetic control group.

4. Discussion

The hyperglycemic state developed in HFD fed animal was due
to the association of insulin resistance and glucose intolerance. The
treatment effect on glucose tolerance and tissue utilization of
glucose was studied using IPGTT. The IPGTT is advantageous as it
was performed under physiological conditions and simulated a
post-absorptive state in which the production and release of insulin
and its responsiveness are necessary [23]. The IPGIT and AUC
measure the rate of tissue uptake and glucose utilization. Oral
treatment of AA, TAHA and rosuvastatin significantly reduced in
blood glucose excursion as compared to DC animals (Fig. 2). A
similar effect was produced by rosuvastatin and TAHA in diabetic
animals [24]. The IPGTT results were in accordance with previous
reports on the anti-glycemic potential of TA [25].

Regulation of dyslipidemia remains important in the diabetes
etiology and complications. The study results indicate that pro-
phylactic treatment with AA, TAHA, and rosuvastatin improves
altered biochemical parameters in the HFD-fed animals, suggesting
its beneficial effects in hyperlipidemia by significantly lower levels
of TG, LDL-C, VLDL-C, TC and enhanced level of HDL-C. The study
results as shown in Table 2 are supported with previous reports on
the anti-hyperlipidemic potential of TAHA and rosuvastatin [26,27].
DC animals demonstrated the significant increase in TC, TG, LDL-C,
VLDL-C, whereas significantly decreased a level of HDL-C was
observed in comparison to HC animals. HFD-fed animals with
TAHA, AA, and rosuvastatin showed a significant fall in the level of

total cholesterol, TG, LDL-C, VLDL-C and a significantly increased
level of HDL-C compared with the DC animals.

Hyperglycemia and hyperlipidemia play an important role in the
development of hypertension. Therefore, the anti-hypertensive
effect was tested on experimental animals after 30 and 90 days of
initiating the study. Elevated systolic blood pressure was observed
in DC animals as compared to HC animals. As shown in Fig. 3, a
significant reduction upto normal level was demonstrated in ani-
mals treated with AA, TAHA, and rosuvastatin as compared to DC
animals. Similar findings on TAHA study has been previously re-
ported [28—30]. Also, hematological results were similar to earlier
reports for TAHA [26].

An abnormal accumulation of TG in liver, peritoneal, and
epididymal tissues plays an important role in the pathophysiology
of insulin resistance, atherosclerosis, hypertriglyceridemia, and
T2DM [31,32]. As shown in Table 3, study results demonstrated that
tissue TG levels in DC animals were increased significantly as
compared to HC animals. However, significant fall in the TG level
was observed in AA, TAHA and rosuvastatin treated animals.
Therefore, study findings on TG levels suggest improved condition
of hypertriglyceridemia leading to T2DM. Even if the diabetes ani-
mals revealed a hypertriglyceridemic condition, it should be
stressed that AA and TAHA displayed a higher capacity than that
showed by rosuvastatin treatment.

The liver is an important principal organ for metabolism of
carbohydrate, lipids and proteins leads to energy storage in the
form of TG. HFD feeding conditions enhance cholesterol and TG in
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Fig. 4. Effect of Arjunarishta [AA] and the hydroalcoholic extract of T. arjuna [TAHA] on the inflammatory gene in liver tissues after 90 days treatment. Values were expressed as
mean + SEM [N = 8]. *p < 0.05, **p < 0.01, ***p < 0.001 when compared with diabetes control group.



S.A. Shengule et al. / Journal of Ayurveda and Integrative Medicine 9 (2018) 45—52 51

E3 HC
2.8 =4 DC
E3 Rosuvastatin
2.4 @D AA
S TAHA
® 2.0
2
:;é
& 1.6 o
3 *
O 1.2
>
".g *kk T *
& 08 T T
0.4 -
0.0 T T
IRS-1 PGC-1q

Fig. 5. Effect of Arjunarishta [AA] and the hydroalcoholic extract of T. arjuna [TAHA] on insulin sensitizer genes in liver tissues after 90 days treatment. Values were expressed as
mean + SEM [N = 8]. *p < 0.05, **p < 0.01, ***p < 0.001 when compared with diabetes control group.

the liver exhibits hypertriglyceridemia and hyperlipidemia even-
tually in T2DM. To study the possible mechanism behind the anti-
hyperglycemic, anti-hyperlipidemic and anti-hypertriglyceridemic
activity, a gene expression study was investigated on liver-targeted
genes involved in inflammatory and insulin signaling pathways.

Previous reports on TAHA demonstrated that cardiotonic and
anti-hyperglycemic activity is associated with their anti-
inflammatory effects [12,33]. TNF-a has acted as a potential ther-
apeutic target for new onset diabetes and mechanistic correlations
between TNF-a. and BMI, HOMA-IR, HOMA-B and insulin have been
established in T2DM [34,35]. To explore possible mechanism of AA
and TAHA on animals, we have investigated the expression level of
TNF-o related to anti-inflammation. As shown in Fig. 4, TNF-a, was
markedly upregulated in DC animals in comparison to HC animals,
indicating HFD-induced enhancement of cytokine secretion, which
results in inflammation. These findings were consistent with an
earlier report published on TNF-a. [36]. Whereas treatment with AA,
TAHA, and rosuvastatin markedly downregulated (p < 0.05) mRNA
expression of TNF-o as compared to diabetes control. Gene
expression studies suggested the anti-inflammatory effect could be
one of the mechanisms behind the anti-hyperglycemic potential of
AA and TAHA.

Our study suggested that anti-glycemic potential of AA could be
due to increase in facilitated glucose transport into the cell
mediated through IRS-1. However, confirmatory studies on other
intermediate genes involved in insulin signaling pathway need to
be analyzed to understand the precise mechanism. Another tar-
geted insulin sensitizer gene: PGC-1¢. is transcription co-activator
to modulate glucose/fatty acid metabolism through enhanced
gluconeogenesis and promotion of fatty acid oxidation suggesting
key drug target for anti-hyperglycemic and insulin resistance-
related disorders [37—40]. Study results as illustrated in Fig. 5,
IRS-1 and PGC-1a were downregulated in DC animals as compared
to HC animals indicating HFD-induced cytokine secretion, which
results in insulin resistance through the inflammatory mechanism.
AA, TAHA, and rosuvastatin treatment significantly enhanced
mRNA expression of IRS-1 and PGC-1a. Gene expression finding
suggests that treatment with AA and TAHA might be restoring in-
sulin sensitization along with anti-hyperglycemic effect by its anti-
inflammatory activity. Further, upregulation of PGC-1a expression
is well documented to induce gluconeogenic enzymes such as

phosphoenolpyruvate carboxykinase and glucose 6-phosphate,
thereby enhancing glucose uptake. This supports our study finding
in a similar manner.

Treatment with AA and TAHA showed considerable modulation
of targeted genes involved in inflammation and insulin signaling
pathway as compared to rosuvastatin. Rosuvastatin is a competitive
HMG-CoA reductase inhibitor indicated for the treatment of dys-
lipidemia, hypercholesterolemia, and hypertriglyceridemia [41].
The gene expression results of rosuvastatin are found to be
consistent with earlier expression reports of statins [42].

Overall, the study demonstrated that AA and TAHA have mul-
tiple therapeutic effects mediated by insulin sensitization through
its anti-inflammatory mechanism; decrease in the systolic blood
pressure, TC, glucose and TG levels, which were elevated in the
disease condition. Additionally, these results might be correlated
with previous evidence of arjunolic acid, which acts as an anti-
diabetes against hyperglycemia [43].

5. Conclusion

The present study represents the action of AA and TAHA in the
treatment of hyperglycemia, hyperlipidemia, and hyper-
triglyceridemia. Activation of PGC-1a. and IRS-1 due to a decrease in
the gene expression of TNF-a is the key mechanism of activity.

Further studies are needed to confirm signaling pathways for Ay-
urvedic formulation AA with multiple doses.
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Ayurveda has gained worldwide attention due to its efficacy. With the growing need for safer drugs, attention has been
drawn to their quality and standards of the Ayurvedic formulations. Ayurveda describes the formulation of Terminalia
arjuna (T. arjuna) as a potent drug for dyslipidemia, cardiac disorders, and diabetes. It is administered as arishta, ghritah
(medicated ghee) or as a powder. Thus, the main objective of the present work was to characterize Arjunarishta (AA) and
Arjuna ghritah (AG) - ayurvedic formulations using arjunetin and arjungenin by High-Performance Liquid
Chromatography-Photodiode Array Detector (HPLC-PDA) method. The presence of marker contents in the AA, AG, and T.
arjuna hydroalcoholic extract (TAHA) was identified using retention time (Rt) and UV spectra matching with
corresponding reference standards. The content of arjunetin and arjungenin was 0.47 and 8.22 mg/g in TAHA; 206.38 and
0.00 pg/mL in AA; 190.58 and 285.48 pg/mL in AG. These quantitative estimations were consistent with earlier reports on
TAHA. The results of the present study indicate the charecterization of Arjunetin and Arjungenin phytochemical markers in
AG, and AA formulations, which have not been, reported so far. These finding will certainly help in the quality assurance

during manufacturing of AG and AA formulations.
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Ayurveda is a traditional system of medicine in
India. Ayurvedic preparations were used to prevent
diseases for centuries'”. Formulations were prepared
using well-documented methods consisting of several
herbs in different forms like decoction, asavas, fresh
juices, tablets, oils, ghee, and arishtas®*. Ayurveda
has gained worldwide attention due to its efficacy.
With rising requirement for better drugs, attention has
been focussed on the quality and standards of the
Ayurvedic  formulations’.  However, different
constituents with diverse physical and chemical
properties made the quality control of formulations
difficult’. Ayurvedic pharmacy advocates the use of
quality control tests to make sure that the prepared
medicines adhere to the standards mentioned in
Ayurveda. Those were based on observation
parameters. Hence, characterization of Ayurvedic

*Corresponding author

formulations using modern techniques of analysis is
extremely important’.

The bark of Terminalia arjuna (T. arjuna) is used
in traditional Indian medicines either alone or as a
constituent in lots of herbal medicines for treating
various ailments. Ayurveda describes the formulation
of T. arjuna as a potent drug for dyslipidemia, cardiac
disorders, and diabetes. It is administered as arishta,
ghritam (medicated ghee) or as a powder. The
usefulness of this drug in cardiovascular disorders is
well documented in the literature”'’. The plant was
reported to contain triterpenoids, flavonoids,
glycosides, and tannins, etc. T. arjuna contains
polyphenols such gallic acid, ellagic acid and
triterpenoids  like arjunolic acid, arjunic acid,
arjunetin, arjungenin, arjunglucoside I and IL
However characterized and validated methods for
quantification were not available for Ayurvedic
formulations such as Arjunarishta (AA) and Arjun
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ghritam (AG)™''""*. Pharmacopoeial standards for
Ayurvedic formulations published by the Central
Council for Research in Ayurveda and Siddha provide
physicochemical parameters (pH, total solids, sugar
content), thin layer chromatography profiling and
gallic acid content of the AA formulation. Therefore,
it is essential that there are definite and accurate
analytical tools to ascertain consistency and quality of
AA and AG'"'®. Thus, the objective of this work was

to characterize AA and AG using specific
phytochemical analytical markers.
Methodology
Instrumentation
A Dionex P680 HPLC system including

autosampler, thermostatted column compartment and
a Dionex UVD 170U/340U photodiode array detector
(Dionex Corp., Germering, Germany) was used to
acquire chromatograms. The column used was RP
C18 BDS Hypersil column (250 x 4.6 mm, 5 pum
particle size) from Thermo Electron Corp.
(Bellefonte, PA). Chromeleon 6.70 software from
Dionex was used to acquire data for fingerprint
analysis.

Chemicals

HPLC grade methanol (Merck, Mumbai, India)
was used to prepare samples; water was purified by
using the Milli-Q (Millipore, USA) system; and
HPLC grade acetonitrile (Merck) was used to prepare
the mobile phase. Arjunetin and Arjungenin were
purchased as HPLC markers from the Natural
Remedies Pvt. Ltd. Bangalore, India.

Plant materials and extraction

The T. arjuna bark sample was collected from a
local market in Pune, India and authenticated by
Agharkar Research Institute, Pune, India. The sample
was deposited as voucher specimens no. S/B-109. The
dried bark was extracted with ethanol: water (70:30
v/v) using Soxhlet extraction for 8 hours for
consecutive three days at 65°C. The extract was dried
under vacuum using rotary evaporator at 45°C and
stored at 2-8°C until use.

Formulations

Marketed formulations, i.e., Arjunarishta (Batch
No. GA-06, Sandu Pharmaceuticals Ltd. Goa, India)
and Arjun Ghritam (Batch No. 116, Nagarjun
Pharmaceuticals P. Ltd. Ahmedabad, India)
manufactured by Indian-based Ayurvedic drug

manufacturing companies were used for the analysis.
These formulations were procured from the market.

Preparation of standard solution

Stock solutions of both markers prepared
separately in methanol. Final concentration (31.25,
62.5, 125, 250, 500, 1000 ug/mL) was made up by
further diluting with methanol.

Preparation of sample

AA 5 mL sample was added to 50 mL centrifuge
tube, and then 10mL of methanol added and
vigorously shook for 5 min then stand for 10 min to
settle down the precipitated sugars. After 10 min,
methanol extract was pipetted out. Then, 1 mL of
supernatant was passed through 0.45 pm filter
(millipore) and 20pL  was injected for
quantification. AG 10 mL sample was soaked on 10
g silica gel powder in 50 mL centrifuge tube, and
20 mL n-hexane was added and vigorously shaken
for 5 min then allowed to stand for 10 min to settle
down the precipitated ghritah component and silica
gel powder. After that, n-hexane was pipetted out
and discarded without disturbing silica gel powder.
This procedure (wash with n-hexane) was repeated
thrice. Then added 20 mL acetonitrile solvent and
vigorously shaken for 5 min then allowed to stand
for 30 min to settle down the precipitated silica gel
powder. After that, acetonitrile was pipetted out. 1
mL of supernatant was passed through 0.45 pm
filter (millipore) and 20 pL was injected for
quantification.

HPLC system parameters

The analysis was performed with an RP C18 BDS
Hypersil column (250 x 4.6 mm, 5 pm particle size)
at a column temperature 26°C. Separation was
achieved with two pumps. The gradient program for
pump A (acetonitrile: water, 30:70) and pump B
(acetonitrile: water, 70:30) as follows: initially 30%
B, flow rate 0.8 mL/min; increased gradually to 50-
70% B up to 30 min, flow rate 1.2 mL/min. Then
washed the column for 20 min, 30% B, flow rate 0.8
mL/min. The detection wavelength was 220 nm, the
absorption close to both the compounds. Injection
volume for standard and sample was 20 pL"".

Data analysis of chromatogram

Data analysis was performed by variations and
similarity observed in retention time values, peak
areas and spectral patterns of the peaks obtained in the
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chromatograms of ayurvedic formulations and T.
arjuna hydroalcoholic bark extract (TAHA).

Method validation

A complete method validation was carried out
according to the industrial guideline for analytical
method validation'®,

Specificity and selectivity

The specificity of the method was evaluated by
analyzing methanol samples from at least six different
lots to investigate the potential interferences at the LC
peak region for analytes. The acceptance criterion for
the experiment was that at least four out of six lots
should have response less than five times of the
LLOQ level response in the same solvent.

Linearity

The linearity of the method was generated by analysis
of five calibration curves containing six non-zero
concentrations. The six-point calibration curve for
arjunetin and arjungenin (31.25, 62.5, 125, 250, 500,
1000 pug/mL) was constructed by plotting the peak area
each analyte against the nominal concentration of
calibration standards in methanol. This operation was
repeated on six consecutive days with freshly prepared
calibration standards to select the most appropriate
regression model. Each calibration curves were analyzed
individually by fitting the area response for analyte as a
function of standard concentration, using no weighted or
least square weighted (1/x or 1/x%) linear regression and
excluding the point of origin'®. The acceptance criteria
for each back-calculated standard concentration were
+ 15% deviation from the nominal value except at
LLOQ, which was set at = 20%.

Precision and accuracy of the analytical method

Arjunetin  and Arjungenin samples (at a
concentration of 31.25, 62.5, 125, 250, 500 and 1000
ug/mL) were prepared. Intra- and inter-day assays
were repetitively carried out on the samples at three
different times of the same day and six different days,
respectively. The standard spiked solutions were
examined six times within one day to determine the
intra-day precision. The inter-day precision was
established by analyzing each sample on six
consecutive days; each sample was injected three
times on each day. Analytical precision was evaluated
by calculating the % CV of variances Intra- and inter-
day while accuracy was calculated from the nominal
concentration (C,oy) and the mean value of observed

concentration (Cgs) as follows: accuracy (bias, %) =
[(Cnom - Cobs) / Cnom] X 10019.

Statistical analysis

The experimental data were expressed as Mean
+ SD. Precision was expressed as % coefficient of
variation using Graph Pad Prism 5.00 Software (San
Diego, USA).

Results and discussion

Standardization is an important aspect for
establishing the quality of the any traditional
formulations. Reports on cardioprotective activity and
phytochemical investigation of TAHA and AA are
numerous "> ***? however there are no reports on
standardization of AG. We have attempted to
standardize the formulation with respect to its specific
phytochemical constituents like arjungenin and
arjunetin that may be responsible for the therapeutic
action. The chromatograms of standards, TAHA, AA,
and AG, were compared. Arjunetin and Arjungenin
were separated under the optimum conditions. No
interference peaks from the endogenous constituents
of the TAHA, AA, and AG were found in the region
of the investigated compounds.

Validation parameters

The retention time for arjunetin and arjungenin
were found to be 4.95 and 7.68 min respectively. The
spectral overlays showed the presence of UV spectra
at 220 nm and were matched with the UV spectra of
the reference standard. Quantitative estimation of
these marker compounds was carried out using
external standard calibration method. The calibration
plots of concentration versus peak area were
constructed in the range of 31.25-1000 pg/mL.

Specificity

Specificity of the developed method was checked
by changing the solvent B (from methanol to
acetonitrile). Retention time, lower limits of
quantification were determined and are shown in
Table 1, together with regression equations and their
coefficients of regression (R?). The value of R’
confirmed the linearity of the method. The robustness
of the method was studied by changing the mobile
phase (solvent B from 80:20 to 90:10); minor changes
in mobile phase showed no effect on peak resolution.
The linearity range of arjunetin and arjungenin
solutions were obtained as 31.25-1000.0 pg/mL as
shown in Table 1 The -calibration curve was
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constructed using a linear regression of the theoretical
concentration of an analyte versus the corrected peak
area. The mean regression equations and their
correlation coefficients were calculated to be
Y =0.069 X + 0.660 and R* = 0.991 for arjunetin, and
Y =0.046 X + 0.628 and R* = 0.992 for arjungenin.

Precision and accuracy

The precision was considered at two levels, the
repeatability, and the intermediate precision. The
repeatability of the sample application was determined
as an intra-day variation, whereas the intermediate
precision was determined by carrying out the inter-day
variation for the determination of arjunetin and
arjungenin at different concentration levels of 31.25,
62.5, 125, 250, 500 and 1000 pg/mL. The standard
solutions, at four different concentration levels, were
analyzed at least six times within the same day, and %
CV values obtained were in the range between 5.19 -
16.86% and 5.57 - 10.90% for arjunetin and
arjungenin. Similarly, to measure the inter-day
variability, the same concentration of the two standards
was run over at least six consecutive days, and the
values were in the range between
6.86 and 9.29% and 5.74 and 10.47% for arjunetin and
arjungenin. The accuracy (% bias) values ranged 8.98
to 6.94 and -9.79 to 8.08 for arjunetin and arjungenin
respectively. The results of the repeatability and
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intermediate precision were expressed in CV (%) and
shown in Table 2; the low values of the CV (%)
indicated the repeatability of the proposed method.

Phytochemical characterization of AA and AG

Phytochemical characterization of AA, AG, and
TAHA was carried out using selected marker-based
approach. Arjunetin and arjungenin were used as
phytochemical markers for characterization purpose.
The marker contents were estimated using earlier
reported HPLC-PDA method suitably modified on
column and mobile phase gradient. The optimized
chromatographic conditions showed good resolution
of the all the peaks. The presence of marker contents
in the AA, AG, and TAHA was identified using
retention time and UV spectra matching with
corresponding reference standards (Fig. 1). The
content of arjunetin and arjungenin was 0.47 and
8.22mg/g in TAHA; 206.38 and 0.00 ug/mL in AA;
190.58 and 285.48 pug/mL in AG (Table 3). These
quantitative estimations were consistent with earlier
reports on TAHA®. Previously, standardisation of AA
reported using HPLC method with gallic acid, ellagic
acid, and quercetin markers. Lal et al. mentioned that
AA formulation did not contain any specific T. arjuna
phytochemical markers®’. This may be due to less
amount of arjunetin present in the formulation or non-
specific sample processing and analysis method.

Table 1 — Linearity, LLOQ, linear regression equation of arjunetin and arjungenin HPLC method

Phytochemical Retention R? Conc.Range LLOQ pg/mL Linear Regression Equation
Marker Time png/mL

Arjunetin 4.945 +0.002 0.991 31.25-1000 31.25 Y=0.069X + 0.660
Arjungenin 7.685 +0.003 0.992 31.25-1000 31.25 Y=0.046X + 0.628

Results are expressed as mean + SD.

Table 2 — Intra and inter-day precision and accuracy of arjunetin and arjungenin HPLC method

Coom (n/mL) Precision Intra-day (n=6) Accuracy Precision Inter-day (n=6) Accuracy
Cobs (ng/mL) Precision (% CV) % bias Cobs (ng/mL) Precision (% CV) % bias
Arjunetin
1000 1047 £ 54.28 5.19 -4.7 947.0 + 65.02 6.86 5.3
250 245.5+21.73 8.85 1.8 246.9 +22.93 9.29 1.24
62.5 68.11+£4.9 7.19 -8.98 60.70 + 4.853 8.00 2.88
31.25 29.08 £4.91 16.86 6.94 29.70 £ 2.586 8.71 4.96
Arjungenin
1000 1084 + 60.39 5.57 -8.4 1037.0 £ 59.48 5.74 -3.7
250 229.8+19.82 8.62 8.08 256.7 £ 16.36 7.15 -2.68
62.5 68.62 +6.25 9.11 -9.79 62.58 £ 5.68 9.07 -0.128
31.25 32.14 +3.502 10.90 -2.85 33.88 £3.55 10.47 -8.42

Results are expressed as mean + SD.
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Fig. 1 — Phytochemical profiling HPLC chromatograms of arjunetin and arjungenin HPLC chromatograms at 220 nm. (I) extract of
T. arjuna (TAHA); (II) Arjunarishta formulation (AA-F); (III) Arjuna ghritah formulation (AG-F); (IV) chromatogram of Spiked
Arjunetin (A) and Arjungenin markers (B).

Table 3 — Quantitation of arjunetin and arjungenin in formulations and extract of T. arjuna (TAHA)

Compound Rt (min) (pg/mL of AG)  (png/mL of AA) (mg/g of
Name Reference AG AA TAHA TAHA)
Standard
Arjunetin 4.95+0.0 5.06+0.01 5.10 +£0.02 5.09 +0.02 166.6 +2.69 254.6 +23.39 0.59 +0.04
Arjungenin 7.69+0.0 7.87£0.02 ND 7.88 £0.04 228.7+9.15 ND 0.85+0.01

Results are expressed as mean + SD.
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Conclusion

The results of the present study indicate the
characterization of Arjunetin and Arjungenin
phytochemical markers in AG, and AA formulations,
which have not been, reported so far. This work can
be utilized as baseline data of characterization and
quality assurance of T. arjuna formulations with
specific phytochemical markers. These finding will
certainly help in the quality control process of
manufacturing of AG and AA formulations.
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ABSTRACT

Objective: The present study was initiated to screen the hydroethanolic bark extract for a-amylase inhibitory activity and standardization of the
Terminalia arjuna for polyphenolic phytochemicals using high-performance liquid chromatography-photo diode array (HPLC-PDA) method.

Methods: The T arjuna bark sample was extracted with ethanol: water (70:30 v/v) using Soxhlet extraction. A Dionex P680 HPLC system was used
to acquire chromatograms. The screening of extract of T arjuna bark has performed for in vitro a-amylase inhibitory assay. Each experiment was
repeated 3 times. All values were expressed mean * standard deviation.

Results: The content of arjunetin, arjungenin, gallic acid, ellagic acid, and quercetin was 0.47, 8.22, 2.443, 7.901, and 3.20 mg/g, respectively, in a
hydroethanolic extract of T. arjuna. The hydroethanolic extract of T. arjuna bark and acarbose has shown an inhibitory activity with an IC, value
145.90 and 62.35 pg/mL, respectively.

Conclusion: The hydroethanolic extract T arjuna bark demonstrates a-amylase inhibitory activity due to a synergistic effect of the phytochemical
constituents present in it. This study suggests that one of the mechanisms of this plant for antidiabetic activity is through the inhibition of a-amylase

enzyme.

Keywords: Terminalia arjuna, Acarbose, Diabetes, Enzyme inhibition, Arjunetin, Arjungenin.
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INTRODUCTION

Diabetes mellitus (DM) is a complex disease developed due to unbalanced
carbohydrate, protein, and fat metabolism. A progressive metabolic
disorder finally leads to micro- and macro-vascular changes causing
secondary complications [1]. According to the World Health Organization,
346 million people worldwide have diabetes and among 90% of them
suffer from type 2 diabetes (T2DM) [2,3]. Type 1 diabetes results from
the deficient synthesis of insulin by B-cells of the pancreas, while T2DM
is developed due to insulin resistance condition or (3-cell dysfunction [1].

The treatment of T2DM is based on oral antidiabetic drugs include
sulfonylureas, biguanides, and thiazolidinediones. However, they
have demonstrated some side effects which suggest the need for
other alternative therapy [4-6]. One of the treatment approaches is to
decrease the after-meal blood glucose concentrations [5]. Inhibition
of the a-amylase enzyme in the intestine delays the degradation of
starch before absorption that reduces postprandial blood glucose
concentrations [4,7].

Voglibose, acarbose, and Miglitol are the a-amylase inhibitory drugs
available in the market. These are prescribed as combinatorial
therapy with sulfonylurea and metformin for the treatment of T2DM
to reduce glycated hemoglobin (HbA1lc) levels. However, the previous
studies have reported few side effects such as abdominal discomfort,
flatulence, and diarrhea for these drugs [8]. The side effects caused and
drug resistance is two major concerns in the usage of these drugs after
prolonged treatment [2].

Traditional medicinal plants have used to treat various diseases. Plant
extracts or phytochemical constituents have been reported scientifically
for biological activities [5]. Terminalia arjuna Roxb. (Combretaceae)

commonly known as Arjuna, has been traditionally used for several
medicinal purposes such as cardiac diseases, dyslipidemia, and lowering
blood glucose [9-11]. The hydroethanolic extracts of the T arjuna (TAHA)
leaves and stem bark have been reported to possess anti-diabetic
activities in diabetic rats [9,12]. The previous study by Saha et al. have
reported the a-amylase inhibitory activity of methanolic, aqueous and
50% methanolic extract of T arjuna [13,14]. While there is no evidence
in the literature that has determined TAHA bark extract containing
arjunetin, arjungenin, ellagic acid, gallic acid, and quercetin compounds
for ai-amylase inhibition activity. This study will be useful to determine
one of the possible mechanisms of effect of TAHA as antidiabetic activity.
Therefore, the objective of the present study was to screen the inhibitory
activity of TAHA bark extract for a-amylase enzyme and standardization
for polyphenolic phytochemicals using high-performance liquid
chromatography-photo diode array (HPLC-PDA) method.

MATERIALS AND METHODS

Materials/chemicals

Solvents such as HPLC grade methanol and acetonitrile (Merck,
Mumbai, and India) were used to prepare samples and mobile phase,
respectively. Water was purified using the Milli-Q (Millipore, Billerica,
MA) system. Arjunetin, arjungenin, gallic acid, ellagic acid, and
quercetin were purchased as HPLC markers from the Natural Remedies
Pvt. Ltd. Bangalore, India. Enzyme a-Amylase was purchased from
Sigma-Aldrich, Bangalore, India.

Plant material and extraction

The T arjuna bark sample was collected from a local market in Pune,
India, and authenticated by Agharkar Research Institute, Pune, India.
The sample was deposited as voucher specimens no. S/B-109. The
dried bark was extracted with ethanol: water (70:30 v/v) using Soxhlet
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extraction for 8 h for consecutive 3 days at 65°C. The extract was dried
under vacuum using rotary evaporator at 45°C and stored at 2-8°C until
use.

Estimation of arjunetin and arjungenin in a TAHA bark extract

A Dionex P680 HPLC system including autosampler and thermostatted
column compartment and a Dionex UVD 170U/340U photodiode array
detector (Dionex Corp., Germering, Germany) was used to acquire
chromatograms. The column used was RP C18 BDS Hypersil column
(250 x 4.6 mm, 5 pm particle size) from Thermo Electron Corp.
(Bellefonte, PA). Chromeleon 6.70 software from Dionex was used to
acquire data for fingerprint analysis.

The analysis was performed with an RP C18 BDS Hypersil column
(250 x 4.6 mm, 5 pm particle size) at a column temperature 26°C. The
gradient program for pump A (acetonitrile: water, 30:70) and pump
B (acetonitrile: water, 70:30) as follows: Initially 30% B, flow rate
0.8 ml/min; increased gradually to 50-70% B up to 30 min, flow rate
1.2 ml/min, then 20 min, 30% B, flow rate 0.8 ml/min. The detection
wavelength was 220 nm. Injection volume for standard and sample was
20 pl [15]. Data analysis was performed by variations and similarity
observed in retention time values, peak areas and spectral patterns of
the peaks obtained in the chromatograms of T. arjuna bark extract.

Estimation of ellagic acid, gallic acid, and quercetin in a TAHA bark
extract

Phytochemical characterization was carried out using gallic acid, ellagic
acid, and quercetin by HPLC method [16-18]. Briefly, prominence HPLC
system (Shimadzu, Japan) was used. Chromatographic separations
were carried out using C-18 column (150 x 4.6 mm, 5 um particle size;
Syncronis, Thermo Scientific, USA). Following gradient elution with
water containing 0.5% acetic acid (component A) and acetonitrile: water
containing 0.5% of acetic acid (80:20 v/v) as component B was used.

The nonlinear gradient elution program: 0-10 min 10% of B; 10-20 min
20% of B; 20-30 min 40% of B; 30-40 min 60% of B; 40-45 min 70%
of B; and 45-55 min 10 % of B and equilibrated with initial conditions
for another 5 min. The flow rate and oven temperature were used at
1.0 ml/min and 25°C, respectively. All chromatograms were monitored
at 270 nm.

Assay of alpha-amylase inhibition

A mixture of 50 ul of extract or acarbose and 50 pl 0.02 mol sodium
phosphate solution (pH 6.9 with 6 mmol sodium chloride) containing
alpha-amylase solutions (13 U/ml) were incubated at 25°C for 10 min.
After pre-incubation, 50 ul 1% soluble starch solution in 0.02 mol
sodium phosphate solution (pH 6.9 with 6 mmol NaCl) was added to
each well at timed intervals. The reaction mixtures were then incubated
at 25°C for 10 min followed by addition of 1 ml dinitrosalicylic acid
color reagent. Then, the test tubes were placed in hot water (at 80°C for
10 min) to stop the reaction. The reaction mixture was diluted with 1 ml
distilled water and absorbance was read at 540 nm [19,20].

Statistical analysis

Each experiment was repeated 3 times, and the data averaged for
reporting. All values were expressed mean * standard deviation (SD).
Percentage of inhibition was calculated using the formula:

% Inhibition = [(Abs control - Abs sample)/Abs control] *100

The IC;, values were determined through nonlinear regression by
fitting to a sigmoid dose-response equation with variable slope using
GraphPad Prism5 software (GraphPad Software, Inc. La Jolla, CA, USA).

RESULTS

Phytochemical standardization of TAHA bark extract

Phytochemical standardization of TAHA extract was carried out using
selected marker-based approach. Arjunetin, arjungenin, gallic acid,
ellagic acid, and quercetin were used as phytochemical markers for
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standardization purpose. The marker contents were estimated using
earlier reported HPLC-PDA method suitably modified on column and
mobile phase gradient. The optimized chromatographic conditions
showed good resolution of the all the peaks. The presence of marker
contents in the TAHA extract was identified using retention time
and ultraviolet (UV) spectra matching with corresponding reference
standards. The retention time for arjunetin and arjungenin was found
to be 4.95 and 7.68 min, respectively. The t, for gallic acid, ellagic acid,
and quercetin was found to be 2.36, 24.71, and 31.98 min, respectively.
The spectral overlays for arjunetin and arjungenin showed the presence
of UV spectra at 220 nm. The spectral overlays for gallic acid, ellagic
acid, and quercetin showed the presence of UV spectra at 270 nm.
The calibration plots of arjunetin and arjungenin versus peak area
were constructed in the range of 31.25-1000 pg/ml. The calibration
plots of gallic acid, ellagic acid, and quercetin versus peak area were
constructed in the range of 3.125-100 pg/ml. The content of arjunetin
and arjungenin was 0.47 and 8.22 mg/g in the TAHA extract (Table 1).
These quantitative estimations were consistent with earlier reports on
a TAHA extract. The content of gallic acid, ellagic acid, and quercetin
was 2.443+0.090, 7.901+0.786, and 3.20+0.351 mg/g, respectively,
in the TAHA extract (Table 1). These quantitative estimations were
consistent with earlier reports of a TAHA extract.

Effect of TAHA extract and acarbose on a-amylase activity

In this study, acarbose is used as a standard drug for a-amylase inhibitor
assay. Acarbose (at a concentrations 5-160 pg/ml) showed a-amylase
inhibitory activity from 7.57+1.40 to 76.86+3.72% with an IC,, value
62.35%5.39 pg/ml (Table 2).

The percentage inhibition of the TAHA extract on a-amylase enzyme
was studied in a concentration range of 10-320 pg/ml. The TAHA
extract has shown inhibition of from 8.43£1.51 to 71.00+4.66% with
an IC,; value 145. 90+16.34 pg/ml. The IC, value for a TAHA extract
was 145.90+16.34 pg/ml which is lesser to standard anti-diabetic drug
acarbose which was 62.35+5.39 pg/ml (Table 2).

DISCUSSION

Many herbal extracts have reported and used in Ayurveda for the
treatment of diabetes. However, medicinal plants have not gained much
importance due to lack of proper standardization of herbal medicines
and scientific support [5].

Several reports on the phytochemical analysis of T arjuna have been
recently published. The major isolated compounds include the five
oleane derivatives, namely, arjunic acid, arjunolic acid, arjungenin,
arjunetin, and arjunglucoside [ from stem bark extract [21]. Also, flavon-
3-ols such as (+)-catechin, (+)-gallocatechin, and (-)-epigallocatechin;
phenolic acids such as gallic acid, ellagic acid and its derivatives such
as 3-O-methyl-ellagic acid 4-0-B-D-xylopyranoside, and 3-0O-methyl
ellagic acid 3-O-rhamnoside were reported [22]. However, not much
data are available related to a-amylase inhibition.

Effective synthetic a-amylase inhibitors (acarbose and voglibose)
are available but cause various negative gastrointestinal symptoms

Table 1: Quantitation of arjunetin and arjungenin in the TAHA

extract
Compound Rt (min) (mg/g of TAHA)
name Reference TAHA
standard

Arjunetin 4.95+0.0 5.09+0.02 0.59+0.04
Arjungenin 7.69%0.0 7.88+0.04 0.85+0.01

Gallic acid 2.36x0.0 2.36x0.05 2.44+0.09
Ellagic acid 24.71+0.0 24.71+0.06 7.90+£0.79
Quercetin 31.99+0.0 31.97+0.1 3.20+0.35

Results were expressed as mean+SD; n=6, SD: Standard deviation
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Table 2: Effect of acarbose and TAHA extract for o-amylase inhibitory activity

Drug/extract Concentration of acarbose (pug/ml) % of inhibition IC,, value (ug/ml)
Acarbose 0 0 62.35+5.39
5 7.57+1.40
10 15.43+1.27
20 23.71£1.60
40 39.00+2.65
80 52.86+1.77
160 76.86+3.72
TAHA 0 0 145.90+16.34
10 8.43+1.51
20 13.71£1.60
40 20.86+2.34
80 33.43+5.06
160 50.86+2.67
320 71.00+£4.66

Results were expressed as mean+SD; experiments were performed 3 times in triplicate; n=9, SD: Standard deviation

and hepatic disorders [23,24]. Phenolic a-amylase inhibitors from
herbal extracts are potentially safer, and therefore, may be a suitable
alternative for inhibition of carbohydrate breakdown and control of
glycemic index of food products.

While there is no published reportin the literature to date that has tested
TAHA extract containing arjunetin, arjungenin, ellagic acid, gallic acid,
and quercetin compounds for a-amylase inhibition activity. However,
the methanolic, aqueous and 50% methanolic extract of T. arjuna was
reported for a-amylase inhibition activity [13,14]. Table 2 represents
the inhibitory effect of different concentration of the TAHA extract and
acarbose. A TAHA extract and acarbose exhibited a-amylase inhibitory
effects with an IC, value of 145.90+16.34 and 62.35+5.39 pg/ml. In
this study, acarbose (10-160 pg/ml) extract has shown an inhibition
ranging from 15% to 76% and T arjuna (10-160 pg/ml) though
exhibited a minimum inhibitory potential ranging from 8% to 50%
against a-amylase, it was less and not statistically significant. These
investigations suggest that this may be due to the presence of potential
a-amylase inhibitors.

In a recent study, methanol and free flavonoids extract of T arjuna has
been reported for a-amylase inhibitory effects with an IC; valve 5.16
and 38.28 mg/ml [13]. Previously, Saha et al,, reported that methanolic,
aqueous and 50% methanolic extract of T arjuna showed a-amylase
inhibitory activity. IC,; value of methanolic, aqueous and 50%
methanolic extract of T arjuna was 1503+0.71 pg/ml, 592+0.34 pg/ml,
and 302+0.55 pg/ml [14]. Further, our results suggest that the health
promoting benefits of T arjuna herbs used in traditional Indian
medicine for treatment of DM may involve the a-amylase inhibiting
activity of polyphenolic compounds, and that o-amylase inhibiting
activity may be promoted by mechanistic synergies among the present
phenolic substances.

Previous studies on the in vivo antidiabetic potential of T. arjuna bark
in Wistar rats concluded that the hydroethanolic extract of this plant
possessed strong glucose-lowering property in both alloxan and
streptozotocin-induced diabetic rats [12,25], but the mechanism of
action remained elusive. The present study suggests that one of the
mechanisms by which T. arjuna exhibited its hypoglycemic potential in
the reported animal study is through the inhibition of a-amylase. This
inhibitory activity of the TAHA extract might be due to the presence
of several polyphenols such as arjungenin, arjunetin, arjunolic acid,
arjunic acid, quercetin, gallic acid, and ellagic acid in it.

The results of this study direct further research to evaluate the
therapeutic effect of T arjuna in the management of postprandial
hyperglycemia in T2DM either alone or a combinatorial therapy.
Further research is needed to investigate the potential a-amylase
inhibitory activity of polyphenolic compounds present in T arjuna and
at elucidating putative phenolic synergies that may promote inhibition
of o-amylase activity.

CONCLUSION

The TAHA bark extract demonstrates good a.-amylase inhibitory activity
due to a synergistic effect of the phytochemicals present in it. This study
suggests that one of the mechanisms by which this plant displayed its
antidiabetic potential is by the inhibition of a-amylase.
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