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ABSTRACT

The present study was aimed to evaluate the hypemig properties of individual phytochemicals suah
Gymnemic acid, Trigonelline and Ferulic acid as Iwad a polyherbal preparation (GTF-231) comprisiofthe
above phytoingredients in the ratio of 2:3:1 in HF€&-low dose STZ induced experimental type 2 thsha rats.
Healthy, male Wistar rats weighing between 160-18@ge used in the present study. The rats werelelivinto
seven groups of six animals each. Group | servedoagrol rats fed with normal pellet diet. Groupdérved as
negative control and fed with a high fat diet farotweeks and intraperitoneally injected with a Idase of STZ
(35mg/kg. b.w.) to induce experimental type 2 dizheGroup Ill to V were induced with diabetes amdted with
individual phytochemicals such as Gymnemic acidyorrelline and Ferulic acid for oral administratiomas fixed
as 300 mg/kg.b.w./rat/day, respectively. Group “kwliabetic rats treated with polyherbal preparatiat the
concentration of 300mg/kg.b.w. Group VII was diabeats treated with metformin (200mg/kg.b.w.),tanslard
drug used for the treatment of type 2 diabetesyBueight, food and fluid consumption were recorgedodically.
At the end of the experimental period, the animadee starved overnight and OGTT was performeder/3® days
of experimental period, the animals were overnifgstted, anesthetized and scarified by cervical gitgfion.
Blood was collected with and without anticoagulaftds the separation of plasma and serum, respelgtivEhe
biochemical analysis performed includes fastingoblglucose, HbAlc, plasma insulin, C-peptide arideusugar.
Insulin resistancep-cell function and insulin sensitivity were also mpulated from HOMA-IR, HOMAS-cell
function and QUICK-I index. The results of the prasstudy clearly indicate that the polyherbal @egtion as
well as individual phytoingredients significantlgaeased the levels of fasting blood glucose andilidbindividual
phytoingredients and GTF-231 improves the plasnsalin and C-peptide levels. From the arithmeticadabTF
and phytochemicals reduces the insulin resistaned anhancegs-cell function and insulin sensitivity. The
antidiabetic efficacy was more pronounced in ra&ated with GTF-231. The results obtained clearijdenced
that the polyherbal preparation possess significamtidiabetic properties than the individual phyteenicals used
in the present study indicating the synergistiecfbf phytoingredients present in the polyherlvaparation.

Key words: Type 2 diabetes mellitus, High fat diet/STZ induaBdbetes, Gymnemic acid, Trigonelline, Ferulic
acid, Polyherbal preparation, Antidiabetic propstiHOMA-IR, HOMAS$ cell function, QUICK-I index.

INTRODUCTION

Diabetes mellitus (DM) is a multifactorial, multstgmic metabolic disorder characterized by persisgtkevation in
both fasting and postprandial blood glucose leveksr a prolonged period. The pancrefticells or their secretary
product, namely insulin is central in the pathopblpg)y of diabetes mellitus [1]. DM is either duedbsolute lack
of insulin secretion (T1DM) or its action (T2DM).2DM accounts for more than 95% of the total diabeti
population worldwide and it has become a globaltheéasue in terms of its increasing prevalence andrmous
economic burden [2]. The etiological factors asatea with the increased prevalence of T2DM includeeased
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aging population, rapid cultural and social dynansedentary life style, reduced physical actigityl behavioural
patterns [3]. According to International Diabetiederation (IDF), more than 415 million people waride had
diabetes mellitus in 2015 and are expected totas@42 million in 2040 unless otherwise immediateventive
measures are initiated. The debilitating effectsDd include various organ failures, progressive abetic
complications such as retinopathy, nephropathyropathy and cardiovascular complications [4].

Life style and dietary changes are recommendedaity estage of T2DM to control chronic hyperglycemia
However, most diabetics cannot escape from theevafupharmacotherapy to achieve desirable bloodogk
levels. Most of the antidiabetic drugs cannot beduss a single therapy as T2DM is multifactoriad an
multisystemic in nature and hence a combinatopgir@ach is often preferred to maintain normoglyeefsi, 6].
However, most of the currently available drugs floe treatment of T2DM elicit undesirable side efeafter
prolonged use. As an important part of continueskaech in developing newer antidiabetic agentsgraéplant
derived phytochemicals are being scientifically eéstigated for their beneficial as well as pharmagicil
properties.

Polyherbal preparations with various active prifespand properties have been used in differentonsgiand
cultures to treat a wide range of human disease$fiyherbal formulations are collection of thezapic entities
that are formulated and blended properly on thdsbak healing properties of individual phytochenécavith

respect to the pathological conditions prevailinghe time of diagnosis [8]. The phytoingredientghwdiverse
pharmacological properties principally and syndicgdly functions in a dynamic manner to elicit nmaxm

therapeutic benefits with minimum side effects [@gwever, it is necessary to systematically inggg# the role of
individual phytochemicals present in the polyherpadparations to ameliorate the concernsgnofivo safety and
efficacy for successful treatment [10].

The polyherbal preparation used in the presentystwds formulated based on the earlier reports an th
pharmacological properties of individual phytocheafs such as Gymnemic acid, Trigonelline and Feratid
which was originally isolated from the traditionalimportant medicinal plants such @&ymnema sylvestr.Br.
[11], Trigonella foenum-graecufd 2] andFerula asafoetid413] respectively. Similarly, based on previous reports
and the data obtained through dosage fixation atudionducted by us, the concentration of individual
phytochemicals were fixed in the ratio of 2:3:1 the preparation of a polyherbal preparation (GBE)2In the
present study, the effect of oral administratiomnofividual phytoingredients as well as the polyd&mpreparation in
maintaining the glucose homeostasis in high fait fdié-low dose STZ induced experimental type 2 eli@b in rats
was systematically evaluated.

MATERIALSAND METHODS

Chemicals

Streptozotocin, Gymnemic acid, Trigonelline, Ferwicid were procured from Sigma Chemicals Co. L8tis,
MO, USA, stored at 2-4C and protected from sunlight. All other chemicadsre of analytical grade and were
obtained from standard commercial suppliers.

Experimental rats

Male albino rats of Wistar strain weighing 160-1@0vere procured from Tamilnadu Veterinary and Adima
Sciences University, Chennai, India and maintaimedean, sterile, polypropylene cages under stahdaarium
conditions (12 h light/dark cycle; temperature 22£C3°C; relative humidity 55%) witkad libitum access to
standard rat chow pellet (Hindustan Lever Ltd., ggdare, India) and water. The animals were accliredtto the
laboratory environment for 2 weeks prior to theti@tion of experiments. The experiments were dexigand
conducted in the current ethical norms approvediystry of Social Justices and Empowerment, Gowegnt of
India and Institutional Animal Ethical Committeeidelines (IAEC No0.03/01/2014).

Preparation and dosage fixation studies

Gymnemic acid, trigonelline and ferulic acid weragerly mixed in the ratio of 2:3:1 and the resuftaomplex,
GTF-231, was stored in refrigeration. Acute oraiciy of the individual phytoingredients as wed the polyherbal
preparation was performed as per the guidelinescpteed by the Organization for Economic Cooperamd

Development (OECD) revised draft guidelines 423e TWECD guideline involves a step wise proceduré Wit

use of a minimum number of animals in each stegbtain sufficient data on the acute toxicity of tet compound
to enable its classification. Briefly, the overriglasted rats were orally administered with gradkxes of
individual phytochemicals as well as the polyherpegparation. The rats were observed for their ieleal,

neurological and autonomic characteristics for 24t the animals were observed for the next 14 fiaywortality.

The acute toxicity studies of the individual as vad polyherbal preparation did not show any tesyimptoms in
dose up to 2000 mg/k.g.b.w. over a period of 2 week

122
Scholar Research Library



Sorimuthu Pillai Subramanian et al Der Pharmacia Lettre, 2016, 8 (18):121-132

Induction of T2DM in experimental rats

The rats were allocated into two dietary regimepndeeding either Normal Pellet Diet (NPD) or HightMiet
(HFD) for 2 weeks of dietary manipulation. The carsion of HFD is powdered NPD — 365g/kg, Lard -0 3ftkg,
Caseine — 250g/kg, cholesterol — 10g/kg, vitamid arineral mix — 60g/kg, DL-methionine — 3g/kg, Yepewder
— 1g/kg, NaCl — 1g/kg [14,15]. After 2 weeks of HFf€l, the overnight fasted rats of Group Il to GroVIlI were
intraperitoneally injected with a single dose dadsinly prepared solution of STZ (35 mg/kg.b.w/r@tl mM cold
citrate-phosphate buffer; pH 4.5) [16]. Controbratere injected with an equivalent volume of cérauffer through
the same route of administration. Since, streptadotis capable of inducing fatal hypoglycaemiaaasesult of
massive pancreatic insulin release; the rats wgrplied with 10% glucose solution after 6 h of SAdninistration
for the next 24 h to prevent hypoglycaemia [17]teAfa week in time for the development and aggranabf
diabetes, rats with moderate diabetes (i.e. bldocbge concentration 250 mg/dl) were considered as diabetic and
chosen for further studies. Based on the previepsnts for the antidiabetic properties of gymnentid [18],
trigonelline [19] and ferulic acid [20], in the @ent study the dosage of the individual phytochatsifor oral
administration was fixed as 300 mg/kg.b.w./rat/day 30 days. Likewise, the dosage of GTF-2:3:1(Ggmit
acid-100mg: Trigonelline-150mg: Ferulic acid-50mgs fixed as 300mg/kg.b.w/rat/day for 30 days [21].

Grouping of animals

The animals were divided into seven groups (n=6):

Group | - Control rats.

Group Il - HFD fed - low dose STZ (i.p. 35mg/kg b.w.) inddagiabetic rats.

Group 11 —Diabetic rats treated with Gymnemic acid (300kgdi.w./rat/day orally for 30 days)

Group 1V - Diabetic rats treated with Trigonelline (300 kgyb.w./rat/day orally for 30 days)

Group V - Diabetic rats treated with Ferulic acid (300 nggkkw./rat/day orally for 30 days)

Group VI - Diabetic rats treated with Polyherbal preparai@TF-2:3:1; 300 mg/kg b.w./rat/day orally for 30
days)

Group VII - Diabetic rats treated with a standard drug, btetin (200 mg/kg b.w./rat/day) in aqueoususoh
orally for 30 days.

During the experimental period, body weight, foodl dluid intake were monitored at regular time iutds. After
30 days of experimental period, the rats were fasteernight and euthanized by anesthesia usingrie¢a(80
mg/kg b.w. /rat, i.p.) and sacrificed by cervicatdpitation. Blood was collected with and withonti@oagulant for
plasma and serum separation respectively. The isafaerts were collected, pooled and used for athasibns.

Oral glucosetolerancetest (OGTT)

Overnight fasted rats of all groups were subjettedral glucose tolerance test on the last wegk@fxperimental
period. The blood glucose levels were monitore@,a80, 60, 90 and 120 min using One Touch glucom(giée
scan, Johnson and Johnson Company) after oral &dration of 2 g/kg b.w. glucose as aqueous saiU2].

Deter mination of biochemical parameters

The fasting blood glucose level was determined hycase oxidase diagnostic enzyme kit (Span Diagmost
Chemicals, India) and glycosylated hemoglobin wstimeated by the method of Nayak and Pattabiramagi(L
[23]. The levels of plasma insulin and C-peptideravassayed using rat ELISA kit (Linco ResearchCBarles,
MO, USA). The presence of urine sugar was detacsety urine strips (Diastix).

Assessment of insulin resistance and p cell function
Insulin resistance was assessed by QUICKI (Quainttansulin check index) [24] and HOMA-IR. HOMA4 3
score was calculated using blood glucose and plassnéin concentrations according to the followfogmula [25];

HOMA-IR = [Blood glucose (mg/dl) x Insulin (uU/nlj 405
HOMA-B =[360 x Insulin (uU/ml)] / Blood glucose-63 %

Statistical analysis
The results were expressed as mean + S.E.M oawxper group and statistical significance wasuatad by one-
way analysis of variance (ANOVA) using SPSS (varsié) program followed by LSD.

RESULTS
Figure 1 shows the effect of oral administratiorggimnemic acid, trigonelline and ferulic acid adlvas GTF-231

in body weight gain of experimental groups of ratse raise in body weight was far less in diabetintrol rats as
compared to diabetic rats treated with individuaytpchemicals as well as GTF-231. However, diabetis treated
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with GTF-231 showed a significant increase in bedyight gain when compared to the diabetic ratstérbavith
individual phytoingredients which have showed agimal increase in body weight and the efficacy afF=231
was comparable with metformin, a standard drug hidsed for the treatment of T2DM.

The levels of food (Figure 2) and fluid (Figurec®nhsumption were significantly increased in diabgtioups of rats
when compared with control groups of rats. Thedased crave of food and fluid utilization was ndineal after
oral treatment of individual phytochemicals as wadl the polyherbal preparation which was comparabil

metformin.

Figure 4 depicts the levels of blood glucose intrand experimental groups of rats after recg\an oral glucose
load (2g/kg.b.w.). In control group of rats, thedd glucose level reached the maximum peak at GQafter an oral
glucose load and it was progressively declineddarmormal level at 120 min representing the maaree of
normal glucose homeostasis. Conversely, the bldacbge levels in HFD-STZ induced diabetic rats heacthe
maximum peak at 60 min and remained unsubsidized the next 60 min. However, the diabetic ratstégavith
individual phytochemicals as well as the polyherpadparation, showed a significant decrease inclglocose
levels at fasting, 30 and 60min time interval witempared with the diabetic control group of rats.addition, the
blood glucose levels returned to near basal levdl2@ min after the oral glucose load in treatedugs of rats.
However, diabetic rats treated with GTF-231 showefatistically significant improvement in glucdsemeostasis
than rats treated with individual phytochemicalsimy oral glucose tolerance test.

The levels of fasting blood glucose, glycosylatedhbglobin (HbAlc), plasma insulin, c-peptide aneheisugar in
control and experimental groups of rats are degiatetable 1. The levels of fasting blood glucosel #1bA1c%
were found to be significantly elevated in diabagioup of rats when compared with control rats.eliise, the
levels of plasma insulin and C-peptide were modtyadecreased in HFD-STZ induced diabetic ratsn&sugar
was observed in the diabetic group of rats. Orahiatstration of individual compounds as well as yparbal
preparation to experimental groups of rats showgatéved levels of altered biochemical parameters.

The altered levels of HOMA-IR and HOMAindices (Figure 5 & 6) were reverted back to meamal in diabetic
rats treated with individual phytochemicals as wadl polyherbal preparation. Figure 7 depicts thanttative
insulin check index (QUICKI). Diabetic rats showedluced insulin sensitivity which indicates theesttof insulin
resistance. Individual phytoconstituents as wepagherbal preparation restored the insulin seisit

DISCUSSION

To combat the increasing prevalence of T2DM, thiemn urgent need for more effective treatmentsmast of the
currently available drugs for the treatment of T2[@htit undesirable side effects after prolonged.usis a fact
that the type 2 diabetic patients are often treatitt combinatorial drugs due to its multifactoraald multisystemic
nature. The animal model used in the present studjves a combination of a diet high in fat torfriabout insulin
resistance, hyperinsulinemia and/or impaired glecimerance followed by treatment with a low do$e5dZ, a

specificp cell toxin which results in reduction in functidrfacell mass [26, 27]. The pathological conditiontioed

by the stressors namely the high fat diet and logedSTZ closely resembles the clinical features2BM, though

on a shorter time scale than found in the humadition [14].

The transition from a metabolically healthy stateah obese and subsequent prediabetic state irsvalwécious
cycle comprising of hyperinsulinemia, insulin réarece, dyslipidemia and dysfunctional adipose &issgtopic fat
accumulation in both liver as well as skeletal nheisod failure of insulin producing cell function [28-30]. The
composition and duration of high fat diet feedingdframe greatly influence the onset of T2DM in exmental
rats. The most commonly used approach is to feesdwah a diet high in fat but normal levels of lsahydrates
rather than a diet high in carbohydrates to produitegh energy’ feeding regimen [31].

STZ is a nitrosourea analogue, preferentially takipnby pancreati@ cells via GLUT2 glucose transporter and
causes DNA alkylation followed by the activation pdly ADP ribosylation leading to depletion of cgtdic
concentration of NAD and ATP. Enhanced ATP dephosporylation after SfEatiment provides substrate for
xanthine oxidase resulting in the generation ofesoxide radicals. Further, nitric oxide (NO) moiesyliberated
from STZ leading to irreversible destructionfo€ells by necrosis [27]. It was observed that Sitifinistration at
first abolished th@ cell response to glucose. Temporary return toaespeness then appears which is followed by
its permanent loss arftl cells are damaged [32]. Though, STZ is widely useihduce both type 1 and type 2
diabetes in animal models, the STZ dose will gyeatiect the} cell mass remaining in the rats. Likewise, vaoiati

in the amount op cell mass left in both type 1 and type 2 diabe@exist in human [33, 34]. However, the loss of
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B cell mass in the pathogenesis of type 1 diabatesrs mainly as a result of an autoimmune reactigrich is not
the case in T2DM.

The dose of STZ itself obviously has a significampact on the phenotype of HFD-fed rats. STZ indumdust not
absolutep cell ablation in a manner that depends on the ,dusmber of doses, time interval between the doses,
route of administration, fed/fasted state upon &@iministration and the rat strain/vendor. Howeseweral reports
are available in the literature that a single lovsel of STZ (<45mg/kg) induced experimental diabatea suitable
model of experimental type 2 diabetes to screerffieacy of lead molecules [15, 35].

The observed decrease in body weight of untreaiuetic group of rats may be due to excessive bdeakn of

tissue structural proteins which are known to dbote to body weight [36, 37]. Though, all the enpental

groups of rats were continued to feed with a haghdfet, the untreated diabetic rats have showmgimal increase
in body weight gain when compared to other expembalegroups of rats indicating the alteration i tmajor

metabolic pathways due to decreased insulin seitgitioupled with insufficiency. The significant provement in
body weight gain of other treated groups of ratisleced the beneficial effects of the individual/giingredients
as well as the polyherbal preparation in maintgmormal homeostasis. However, diabetic rats tdeaith GTF-

231 showed a relatively better improvement in badyght gain when compared to other experimentaliggsoof

rats indicating the synergistic effect of phytodjents present in the polyherbal preparation dwerindividual

phytoingredients and the efficacy of GTF-231 wasparable with metformin.

Increased food and fluid consumption was obsermediabetic group of rats. This indicates the pojgib and
polydipsic condition. The classic triad of diabetigmptoms are polyphagia, polydipsia and polyu88].[ An

increase in renal loss of glucose is accompaniedrbgxcessive loss of water and electrolytes. Ekoedoss of
water leads to the activation of thirst mechanisermed as polydipsia. An increased thirst may be tu
hyperglycemia which raises the osmolarity of blat makes it more concentrated. Glucosuria anccased
tissue protein catabolism leads to crave excessiaintd glucose for energy production, an increasepipetite and
food intake called as polyphagia [39]. The food #nidl intake of diabetic groups of rats treatedhaindividual as
well as GTF-231 were significantly reduced afterdzs of treatment. From the data, it is clearlyifested that
the individual phytochemicals as well as polyherpatparation considerably reduced the pathophygiicdd
symptoms through its significant hypoglycemic pndies. Like, the effect on body weight gain, thalbtic rats
treated with GTF-231 significantly improved the yjhagic and polydipsic condition than the experitabnats
treated with individual phytochemicals.

Oral glucose tolerance test (OGTT) has been thestai for diagnosing diabetes for decades. It neffieiently
detects prediabetics as well as patients with inepgaglucose tolerance [40]. OGTT has the utility édvaluating
insulin sensitivity andB-cell function during glucose administration viapaysiological route [41]. OGTT is
commonly used to evaluate the disease progressignpme of treatments and to assess the physialogitd
pathophysiological conditions of diabetes mellifd®]. Oral glucose tolerance test provide more pitggical
conditions for the estimation @fcell function than does a test based on intravembucose administration. OGTT
provides significant and valuable information feegicting the ensuing incidence of type 2 diabetes.

The routinely used imperative marker for estimating degree of protein glycation in diabetes inekiglycated
haemoglobin levels. Extensive studies on HbAlcdont the importance of HbAlc as a non-manipulataid
reliable biochemical parameter in assessing meatakohtrol as compared to one-point blood glucostmation
[43]. HbAlc is likely to be a more physiologicalsassment of glucose intolerance than the artifemaiditions of
the OGTT and hence it should be the preferred distimtest [44, 45]. During persistent hyperglycanglucose
irreversibly binds to the N-terminal valine of thechain of hemoglobin. The process of glycationtheppositions
such as lysine on thechain or at sites on thechain may be imperative at higher levels of gliaatThe percent
glycation of hemoglobin also depends on the aveage of the erythrocytes in the sample and theepérof
HbA1c is higher in older cells [46, 47]. HbAlc &s represent average glycemia over the entireda®0ife span
of the red blood cell [48]. HbAlc measurement mé&so dbe used as a tool to stratify the risk of tlaigmt
developing microvascular complications because ethelms an exponential rise in the rate of secondary
complications with increasing HbAlc values. Each tEduction in glycated haemoglobin was associatitd &
significant reduction in diabetes related mortatit{49]. HbAlc signifies the mean glucose levelsntained over
the previous 6-8 weeks. Normoglycemia was achienediabetic groups of rats treated with individaal well as
GTF-231 possibly through their ability to maintajtucose homeostasis. However, the diabetic ratetewith
GTF-231 showed a significant decrease in the lesflasting blood glucose as well as HbAlc andeased levels
of plasma insulin next to diabetic rats treatechvgymnemic acid and the efficacy of GTF-231 was parable
with metformin evidencing that the polyherbal prepimn possesses significant insulin stimulatorg amsulin
sensitivity properties [50].
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Patients with most depresspetell function had a higher HbAlc and higher baeelglucose, but lower baseline
insulin and C-peptide [51]. The balance between utilization and production of glucose is mainggirby the
hormone, insulin. It stimulates glucose uptakdizatiion and storage while suppressing hepaticagagroduction,
thus reducing plasma glucose levels. Insulin inkiblie production and release of glucose by ther litue to the
blockage of gluconeogensis and glycogenolysis. @ige, a bioactive peptide plays a crucial role tie
biosynthesis of insulin. It consists of 31 aminadacand has a half life of 30 min. Subsequent éodleavage from
the proinsulin molecule; C-peptide is released thioblood stream as equimolar concentrationsswaliim [52]. The
serum levels of insulin and C-peptide greatly iasein the early stage of T2DM because of insudsistance.
Although T2DM is a state of insulin resistance &dative insulin insufficiency, it may progress tolaie-stage
insulin and C-peptide-deficient state due to paaticg-cell demise [53]. Physiological concentrationCepeptide
activates extracellular signal regulated kinaselspsphatidyl inositol 3-kinase, protein kinase Cevates
intracellular calcium, and stimulates peroxisomeliferator activated receptog- [54]. The observed increased in
the levels of C-peptide in diabetic rats treatethwidividual phytochemicals as well as GTF-231 rhaydue to the
stimulation of molecular factors that produce cipfrom the pancreatig-cells, thereby ameliorate the secondary
complications of diabetes. However, GTF-231 haseneffective than the individual phytoingredientedo its
synergistic mechanism.

Figurel: Effect of gymnemic acid, trigonelline, ferulic acid and GTF-231
on body weight gain in experimental groups of rats.
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Figurel: Effect of gymnemic acid, trigonelline, ferulic acid and GTF-231 on body weight gain in experimental groupsof rats.
Values are given as mean + SEM for groups of sig irmeach. One-way ANOVA followed by post hocli8Bt. Statistical significance was
compared within the groups as follows
@ compared with control
P compared with diabetic rats

The homeostasis model assessment of insulin reses{@OMA-IR) developed by Matthews et al. (1985][have
been extensively used for the determination oflingesistance. Insulin resistance is the primagtaholic disorder
associated with obesity and appears to be the primadiator of metabolic syndromes [55]. Likewi€3JICKI is
also an empirically derived mathematical conversidriasting blood glucose and plasma insulin cotregions.
However, it provides a reliable, reproducible and accurate xnofeinsulin sensitivity with a better optimistic
prognostic power [56].

HOMA- B cell function is effectively used to measure trengreaticp-cell function. Evidences suggested that
hyperglycemia causes additional functional impaintaen insulin release that go beyond the acfuedll deficit
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[57]. The majority of genes associated with typedidbetes have been linked to tfecell dysfunction and
impairments inp-cell mass. Ifp-cell mass is reduced by 50%, the secretory bufderthe remainingp-cells
increases by 100%, thereby leading to chrdhicell stress [58]. The data obtained through thevabthree
arithmetical indices suggest that the diabetic tiagated with GTF-231 significantly improved tfecell function
and insulin sensitivity than the individual phytechicals indicating its synergistic efficacy in amedting chronic

hyperglycemia.

Figure 2: The levels of food consumption in control and experimental groups
of rats.
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i Food intake Final

SRR R ER

Figure 2: Thelevelsof food consumption in control and experimental groups of rats.
Values are given as mean + SEM for groups of sig irmeach. One-way ANOVA followed by post hocliBBt. Statistical significance was
compared within the groups as follows
@ compared with control
P compared with diabetic rats
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Figure 3: The levels of fluid intake in control and experimental groups of rats.
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Figure 3: Thelevelsof fluid intake in control and experimental groups of rats.
Values are given as mean + SEM for groups of sig irmeach. One-way ANOVA followed by post hocliBBt. Statistical significance was
compared within the groups as follows
@ compared with control
P compared with diabetic rats

Figure 4: The levels of blood glucose in control and experimental groups of
rats after receiving an oral glucose load.
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Figure 4: Thelevelsof blood glucosein control and experimental groups of rats after receiving an oral glucose load.
Values are given as mean + SEM for groups of sig irmeach. One-way ANOVA followed by post hocliBBt. Statistical significance was
compared within the groups as follows
@ compared with control
P compared with diabetic rats
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Figure 5: Effect of gymnemic acid, trigonelline, ferulic acid and GTF-231 on

HOMA-IR.
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Figure5: Effect of gymnemic acid, trigonelline, ferulic acid and GTF-231on HOMA-IR
Values are given as mean + SEM for groups of sig imeach. One-way ANOVA followed by post hoclt8Et Statistical significance was
compared within the groups as follows
@ compared with control
b compared with diabetic rats

Figure 6: Levels of B-cell function in control and experimental groups of rats.
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Figure 6: Levelsof B-cell function in control and experimental groups of rats
Values are given as mean + SEM for groups of sig irmeach. One-way ANOVA followed by post hocliBBt. Statistical significance was
compared within the groups as follows
@ compared with control
P compared with diabetic rats
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Figure 7: Effect of gymnemic acid, trigonelline, ferulic acid and GTF-231 on
QUICK-I index in experimental groups of rats.
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Figure 7: Effect of gymnemic acid, trigonelling, ferulic acid and GTF-231 on QUICK-I index in experimental groups of rats
Values are given as mean + SEM for groups of dig ireach. One-way ANOVA followed by post hocli8Bt. Statistical significance was
compared within the groups as follows
@ compared with control
P compared with diabetic rats

Table1: Effect of gymnemic acid, trigonelline, ferulic acid and GTF-231 on fasting blood glucose, HbA1c, plasma insulin, c-peptide and
urine sugar in experimental groupsof rats

Fasting Blood HbAlC Plasr_na C-Peptide _
Groups ((E-rLugclzls)e (% hemoglobin) (rlsjl;rlrl]r;) (pmol/mL) Urine Sugar

Control 90.3343.32 4.87+0.17 15.87+0.1p  0.25 + 0.0p2 Nil
Diabetic Control 305.2218.32 10.80+0.41 9.30+0.13 | 0.11 £0.019 et
Diabetic+Gymnemic acid 126.01+3.3%4 6.03+0.48 12.09£0.34 | 0.20 £ 0.012 Nil
Diabetic+Trigonelline 134.21+3.67 6.91+0.53 11.01+0.42 | 0.18 £ 0.013 Nil
Diabetic+ Ferulic acid 129.24+3.97  6.4620.53 12.29+0.44 | 0.19 £ 0.011 Nil
Diabetic+GTF-231 110.28+3.01 5.89+0.50 13.01+0.64 | 0.21 +0.011 Nil
Diabetic+Metformin 104.71+4.14 5.76+0.19 14.42+0.75 | 0.23 £0.012 Nil

Results are expressed as mean + SEv p]. One-way ANOVA followed by post hoc test W& done. The results weéreompared to control
rats and® compared to diabetic rats.

CONCLUSION

In conclusion, the results of the present studgrtyeevidenced that the polyherbal preparation (@gmic acid:

Trigonelline: Ferulic acid - 2:3:1) possess sigmfit antidiabetic properties than the individuaytphonstituents
present in the polyherbal preparation which arelevied from the decreased levels of fasting bldodoge,

glycosylated haemoglobin and increased levels aémh insulin and C-peptide. The arithmetic indicatalso

evidenced the better antidiabetic efficacy of GTH-2ver the individual phytoingredients. Thoughjesal reports
are available in the literature pertaining to tifficacy of the individual phytochemicals used foetpreparation of
polyherbal preparation in the study, the conceiatnabf each phytochemical used in the preparatimhthe dosage
used in the present study is much less when comigar¢he dosage used in other studies howeveraeffievas

more pronounced due to the synergistic effect. TRIE--231 may be considered as a safe and effedtivg for

the successful treatment of type 2 diabetes. etaitudies are in progress to evaluate the effe@Tdé-231 on

lipid and protein metabolism as well as on oxidattress in experimental type 2 diabetes.
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