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ABSTRACT

Piper betle vine is bestowed with a unique placdnrethe list of traditionally important plants. B# leaves are
popularly known as “Green gold” because of theirtnitive and medicinal values. Recently, we haveortsga the
presence of Hydroxychavicol (HC),a phenolic secopaaetabolite as a major constituent in the ethamektract
of betel leaves.Diabetes mellitus is a major metabdisorder characterized by dysregulation of cahlydrate,
protein and lipid metabolism resulting from defedts insulin secretion, insulin action or both. Cimio
hyperglycemia in diabetes leads to retinopathy,hnepathy, neuropathy and cardiovascular diseasestvi the
currently available drugs for the treatment of déés often elicit undesirable side effects in addito drug
resistance after prolonged use. Search for novabsdrfor the treatment of diabetes is still conthqudue to the
multifactorial nature of diabetes. Based on thélfie use, in the present study an attempt has besde to assess
the hypoglycemic and hypolipidemic properties afrbyychavicol, a major phenolic lead molecule predsa the
leaves of Piper betle L. in high fat diet fed - Idese STZ induced experimental type 2 diabetest&Oral glucose
tolerance test (OGTT) was performed to study tlieieficy of hydroxychavicolon glucose homeostasislin
resistance was also measured by HOMA-IR. The lesklfasting blood glucose, plasmainsulin, hemogipbi
glycosylatedhemoglobin, c-peptide and urine sugarewanalyzed. Oral administration of hydroxychalatca
concentration of 20mg/kg.b.w./rat/day to diabetitsrfor a period of30dayssignificantlyimproved #iered levels
of glucose homeostasis. Elevated levels of hepatigme markers such as AST, ALT and ALP were eeMeaick to
normal levels in diabetic group of rats with oratrainistration of hydroxychavicol. The altered aittes of
glycogen synthase and glycogen phosphorylase iatitetissues of diabetic rats were significantlyeeed tonear
normalcy upon oral treatment with hydroxychavicatlditionally, the altered levels of lipid profileomponents
observed in diabetic group of rats were normaliaétr oral treatment with hydroxychavicol. The efiy of HC
was comparable with metformin, a standard drug Widesed for the treatment of diabetes. The respiltthe
present study demonstrate the hypoglycemic andlipigemic properties of HC and also provide theestific
rationale for the use of Piper betle leaves intileatment of diabetes.

Keywords: Diabetes mellitusRiper betle Hydroxychavicol, Antidiabetic, Antilipidemic,Metforim.

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic didar arises from multiple biochemical and cellulafetts
characterized by absolute lack of insulin secrét@mn the pancreatic beta cells (T1DM) or its actinrperipheral
tissues (T2DM) [1]. More than 90% of the diabetidividuals belong to T2DM. Approximately 366 miltigpeople
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are affected with diabetes in the year 2011, amishexpected to rise to 552 million globally b§3®, [2]making
diabetes the most common cause of mortality aftarcer. Around 80% of the people with diabetes are i
developing countries, of which India and China shthe larger proportions. This is a minimum nuntierause, for
each diagnosed case, there is thought to be onagnused case in first world countries and eighh@third world
countries[3]. The global increase in the prevalen€ediabetes is due to population growth, increasgthg
population, urbanization, obesity and physical fivitg[4].Various non-pharmacological and pharmagptal
approaches are available to treat diabetes mé¢Hjtuslost of the currently available drugs for ttreatment of
diabetes elicit undesirable side effects such asghtegain, gastrointestinal disorders and hypogtyiee
Additionally, these drugs develop resistance gitetonged use. Hence, search for new drugs witterséficacies
and without side effect still continues. Plant agts, as a natural blend of phytochemicals, offeménse
opportunities for the discovery of active constittee an archetype of current pharmaceutical inthsf@].
However, only a few traditionally important mediairplants have been subjected to pharmacologicatisg. One
such medicinal plant which lacks scientific evailoratfor its traditional medicinal propertiesRéper betld.inn.

Piper betleleaves are commonly referred to as “Green GdRiper betleLinn. (PBL) is the leaf of betel vine
popularly known as “Paan” and “Betel” in English.blelongs to the dicotyledono&peraceaefamily[7]. It is a
shade loving perennial root climber[8-18jper betlevine is much more popular in India than in anyestbountry
of the World since the antiquity which is evidermrh the numerous citations laid down in the anclgetature,
particularly in the Indian Scriptures. The sigrdficce of betel leaves has been explained in relédi@very sphere
of human life including social, cultural and retigs and every day-to-day life which is very muclevant even
these days [11]. The leaves along with sugar aedaanut is used as a special item offered to tlestgun order to
mark respect and such traditional use in the Indizsiety, the leaves nearly stand alone withoutargllel even
today[12]. The leaves mature about 15-20 days, 4 barvestings are normally performed every momith this
may continue for 15-20 years or more [13]. About205million people consume betel leaves in Indiaregular
basis besides those in other countries of the Wodg include over 2 billion consumers [11].

Piper betleine is one of the popular plants which are integgfawith cultural and traditional values in India.
Irrespective of the traditional uses, betel vinaiguably the most maligned plant whose regulasaoption is
believed to cause cancer of the oral cavity. Thfamous accreditation is principally due to thet fdat habitual
chewing of betel quid which consisting of areca, staked lime, smokeless tobacco, in addition teldeaves[14].
Several scientific reports have conclusively shotivat the betel leaves are devoid of mutagenic aé age
carcinogenic effects. Recent studies clearly eviddnthat the phytochemicals present in the betaVele
significantly prevented chemically induced canceexperimental animal models [15, 16].

Earlier, we have reported the antidiabetic activifyPiper betleleaves extract in alloxan-induced experimental
diabetic rats[17] and more recently, we have isalaand characterized the biologically importanttpblyemicals
such as Caffeic acid, p-Coumaric acid, EugenoljrRanhd Hydroxychavicol from the leaves Biper betl¢l18].
Since, hydroxychavicol was found to be presenelatively higher levels when compared to other pimgredients,

in the present study an attempt has been made aluatg the antidiabetic and antilipidemic propertief
hydroxychavicol in high fat diet fed - low dose Sifiduced experimental diabetes in rats.

MATERIALSAND METHODS

Chemicals
Hydroxychavicol and STZ were purchased from Sigrhar@icals Co. (St. Louis, MO, USA). All other cheali
used in the study were of analytical grade and wbtained from standard commercial suppliers.

Experimental animals

Wistar Male albino rats, weighing about 160-180wgre procured from Tamilnadu Veterinary and Animal
Sciences University, Chennai, India and housedadlyppopylene cages lined with husk and maintaineden
standard experimental conditions. Prior to initiatiof the experiments, the animals were acclimdtipestandard
husbandry conditions for a week to eliminate thieatfof stress. The rats were fed with a commeneitichow
pellet (5% fat, 21% protein, 55% nitrogen free agtrand 4% fibre [w/w]) with adequate vitamin lexébr the
animals (Hindustan Lever, Bangalore, India). Alisravere provided with free access to water. Theegnental
protocols were conducted with the current ethicaims prescribed by the Ministry of Social Justiced
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Empowerment, Government of India, and the appr@fathe Institutional Animal ethical committee (IAEC
Approval No. : 04/01/2014).

Toxicity and dosage fixation studies

The acute toxicity of hydroxychavicol was studiedtie control rats according to OECD guideline 4@8aded
doses of hydroxychavicol dissolved in DMSO and wgikeen orally and the animals were observed contisly
for the first 2 hours followed by every hour upgdours and daily thereafter for 14 days for agypsiof morbidity,
mortality and behavioral toxicity. Hydroxychavicetre found to be non-toxic upto 100 mg/kg b.w. @chdoses
of hydroxychavicol(10, 20, 30, 40 mg/kg b.w) wasréuistered to HFD + STZ induced diabetic rats farious
periods of treatment. From the data obtained, fténaim dosage for the treatment of diabetes wasdfias 20
mg/kg b.w for 30 days.

Induction of diabetes and Experimental design

The rats were divided into four groups each conmmisf not less than six animals. The rats werecalled into two
dietary regimens by feeding either normal pellett dNPD) or high fat diet (HFD) for 2 weeks of dist
manipulation. The composition of HFD is powderedINR 365g/kg, Lard — 310 g/kg, Caseine — 250g/kg,
cholesterol — 10g/kg, vitamin and mineral mix — Qg DL-methionine — 3g/kg, Yeast powder — 1g/k@Q\ —
1g/kg.[19, 20].After 2 weeks of HFD maintenance @mup 1I-Group IV rats were injected with a singlese of
STZ (35 mg/kg b.w. /rat), in 0.5ml of freshly prepd cold citrate buffer (pH 4.5) while the Groupats fed with
NPD were injected with citrate buffer in a sameuwoé, intraperitoneally. After 6 h, and until 24heafSTZ
injection, STZ- injected rats were provided witlA@lucose solution to prevent diabetogen-inducqabblycemia.
After one week of STZ injection, rats with non-fagt blood glucose levels 250 mg/dl were chosen for further
studies.

The rats were divided into four groups each conmggisf a minimum of six rats as follows:

Group [: Control rats administered with vehiclerao

Group IIl: HFD-STZ induced diabetic rats.

Group Ill: HFD-STZ induced diabetic rats orallydted with hydroxychavicol (20mg/kg b. w. /rat/dég) 30 days.
Group IV: HFD-STZ induced diabetic rats orally tegwith Metformin (50 mg/kg b.w. /rat/day) for 8@ys.

The rats were allowed to continue to feed on thespective diets until the end of the experimebisiing the
experimental period, body weight, blood glucosedf@nd water consumption and physical examinativese
determined at regular intervals. At the end of 3@sdof experimental period, the rats were fasteerraght,
anesthetized with ketamine (80mg/kg, i.p.), ande#ilby cervical decapitation. Blood was collecteithwand
without anticoagulants for plasma and serum seiparatespectively. Liver tissues were excised fralhfour
groups of rats, rinsed with ice-cold saline andesiat -76C until further use.

Oral glucosetolerancetest (OGTT)

Overnight fasted rats of all groups were subjettedral glucose tolerance test on the last weak®fexperimental
period. The blood glucose levels were monitorel, &0, 60, 90 and 120 mins using One Touch glucenkife
scan, Johnson and Johnson Company) after oral &ration of 2 g/kg b.w. glucose as aqueous sah{@id).

Assay on insulin resistance
The insulin resistance developed in the experinteamiamals was evaluated by a homeostasis modehsaflin
resistance (HOMA-IR). The HOMA-IR was calculatedthg method of Mathews et al.(1985) [22] as follows

HOMA-IR = Fasting insulin level (uU/ml) x Fastifgood glucose (mg/dl)
205

Biochemical analysis

Fasting blood glucose, hemoglobin, glycosylated dglobin, plasma protein, blood urea, uric acid &edum
creatinine levels were estimated [23-29]. Plasnsalin level was assayed using an ELISA kit (LinoesBarch, St
Charles, MO, USA) for rat insulin assay. The preseof urine sugar was detected using urine stBjas(ix). The
activities of pathological marker enzymes such apaktate transaminase (AST), Alanine transaminakg&)(and
Alkaline phosphatase (ALP) in serum were assay8dd3].
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A portion of the liver tissue was dissected outsked immediately with ice-cold saline and was hoemized in
0.1M Tris—HCI buffer (pH 7.4) for the assay of keyzymes of glycogen metabolism. The supernataratircdd
from the centrifugation of the liver homogenate wasd as enzyme source for the assay of glycogeghase and
glycogen phosphorylase. Another portion of wetHditiesue was used for the estimation of glycogemterntt [32-
34].

Assay of Lipid Profile
Serum levels of cholesterol, triglycerides (TGswvestimated [35, 36]. HDLs and LDLs were separéteah the
serum according to a dual precipitation technid@,[and the cholesterol content of the lipoprateiras estimated.

VLDL = Triglycerides (mg/dI)
5

Statistical analysis

All the data were grouped and statistically evadawith SPSS 16.0 software. Hypothesis testing austlincluded
‘One-way analysis of variance’ followed by ‘leaggrsficant difference test’ was used. A value okF.05 was
considered to indicate statistical significancd.r@bults were expressed as mean + Standard egan I(5.E.M) for
six rats in each group.

RESULTSAND DISCUSSION

Recent reports on the etiology, epidemiology andsequences of T2DM necessitate the urgency to detter
prognosis and prevention strategies. The curreslyilable drugs for the treatment of T2DM have rthaivn
drawbacks ranging from development of resistanckaatverse effects to lack of responsiveness imge Isegment
of patient population. Further, none of the glucémeering agents adequately control hyperlipideriiat is
frequently associated with T2DM [38]. Phytochemécale non-nutrient secondary metabolites in plartigh
provide much of the colour and taste in fresh oocpssed food, fruits and vegetables [39]. Most raf t
phytochemicals such as polyphenols, glycosideslailiks, terpenoids, flavonoids, polysaccharidesnitss and
saponins have been proposed for the treatmentrafugahuman ailments due to their significant axitdant and
related pharmacological properties [40, 41]. Amdhg phytoingredients, polyphenols play a pivotaie rin
photosynthesizing cells. Though, they are repaditgubssess significant antidiabetic properties, msmot studied
about their specific mechanism of action [42]. ke foresent study, hydroxychavicol, a major phenati;mpound
present in the leaves Biper betlevine was chosen to study its antidiabetic andipittemic properties.

Although, several animal models of natural as \aslideveloped are available, the pattern of disestsdblishment
and progression in most of them did not appeaetsilmilar to the clinical status in humans[43, &écent studies
have reported that the rats fed with high fat §i¢€D) and low dose of STZ administration could effecly be
used to develop T2DM which closely resembles thtarakhistory of the diseases in terms of insuéisistance and
impairment of insulin secretion[45-47]. Hence, lire tpresent study HFD fed -low dose STZ induced ex@atal
T2DM was chosen as the animal model to evaluatartidiabetic and antilipidemic properties of hydrohavicol.

Figure 1 shows the effect of oral administratiorhgfiroxychavicol on body weight in experimental gpoof rats.
HFD-STZ induced diabetic rats showed reductionddybweight due to increased muscle wasting as agelbss of
tissue proteins which is in agreement with previceorts [48, 49]. Loss of body weight denotesdfiad protein
catabolism due to altered glucose homeostasis, pahdiria indicates osmotic diuresis as a resultclofonic
hyperglycemia in HFD-STZ induced type 2 diabetitsraOral treatment with hydroxychavicol significint
improved the body weight gain. This could be theuhs from improved glycemic control elicited by
hydroxychavicol.

Figure 2 shows the effect of hydroxychavicol treatinon oral glucose tolerance test in experimegrialp of rats.
In control rats, the blood glucose level has red¢he maximum peak at 60 mins after an oral glutoase and then
it was gradually reverted back to near normalcy2&tmins indicating the existence normal glucose dustasis. On
the other side, the blood glucose levels in HFD-$7dlced diabetic rats reached the maximum ped0 ahins
and remained unsubsidized over the next 60 minal &iministration with hydroxychavicol as well agtfiormin
resulted in a significant decrease in fasting blghatose levels at 30 and 60 mins compared withedie group of
rats. In addition, the blood glucose levels retdrite basal level at 120 mins after the oral gluctse in
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hydroxychavicol and metformin treated diabetic graf rats. OGTT is the only form of glucose tolerartest
recommended for the diagnosis of insulin resistanceiabetes. The relationship between the levéldlood
glucose and insulin after an external oral loadlotose can be studied using OGTT and is theottidependent
on the rate at which carbohydrate enters the simt@stine and glucose absorption as well as italimgriven
metabolism. OGTT is a measure of effective gluasiization by the system and it is often perfornfed early
diagnosis of diabetes [50]. It is considered asoaensensitive measure of early impairment in gladosmeostasis
than fasting blood glucose or glycosylated hemagltdvels. Thus, the results of the glucose toleeaest indicate
the hypoglycemic effect of hydroxychavicol in maiming glucose homeostasis.

HOMA-IR of control, diabetic, diabetic treated witlydroxychavicol and metformin groups of rats aepidted in

Figure 3. Significant elevation in HOMA-IR values dliabetic group of rats indicating the developmehinsulin

resistance. Diabetic rats exhibited significantlgvated fasting bloodglucose and HOMA-IR, accomednby

diminished plasma insulin levels. Therefore, isigggested that insulin resistance developed irethets exhibits
chronic hyperglycemia which ultimately leads to theset of T2DM.Oral treatment with hydroxychavicdécreases
the insulin resistance and improves impaired glacmerance, which manifest from the results of OGind

HOMA-IR. It is also evidenced that hydroxychavieaits as an insulin sensitizer likely due to glucastake in the
main target organs. HOMA-IR is the biomarker thatoften used to assess the extent of insulin eesist

Compared with the “gold” standard euglycemic clampthod for quantifying insulin resistance, quaaéfion

using HOMA-IR is more convenient[51].

The levels of fasting blood glucose, hemoglobirycgsylated hemoglobin, C-peptide, plasma insulid arine
sugar of control and experimental groups of ragssiown in Table 1. The levels of fasting bloodcgke were
significantly increased in diabetic rats indicatithg impairment of glucose metabolism due to abudities in the
insulin secretion or its action. The observed desedn the levels of hemoglobin and a concomitaerteiase in the
levels of glycosylated hemoglobin in the experimaéntiiabetic rats evidenced the existence of chronic
hyperglycemic state. The significantly decreasedlkof plasma insulin and c-peptide revealed #@ahse in beta
cell mass. Oral treatment with hydroxychavicol #igantly improved in the alterations of above pasders
indicating the insulin stimulatory effect of hydswhavicol. Attenuation of hyperglycemic conditiorasvachieved
by hydroxychavicol treatment which may results froime improved insulin response. C-peptide is awvelga
product of insulin synthesis created in the parcesapart of insulin production, and is releaséd tine circulation
with insulin[52].1t interacts with cellular membras at unidentified sites distinctive of the insufamily of
receptors and signal to multiple targets knownl&y p crucial role in diabetes and diabetic congtians, such Na
/ K* ATPase and NOS[53].

The effect of hydroxychavicol on the levels of phas protein, blood urea, serum uric acid and criginn
experimental group of rats are presented in Tabléne observed decrease in the levels of total protéth a
concomitant increase in blood urea in diabetic grofirats may be attributed to increased muscléephysis and
reduced protein synthesis. Diabetes mellitus igpaesible for impairment of glucose metabolism, erea
gluconeogenesis and decreased storage of proteiabetes mellitus is usually accompanied by higmary
glucose concentration, which produces an osmoticedis and therefore polyuria. The most sensitidicators of
kidney injury include an increase in the level@#atinine and urea in serum. Uric acid and crewtican be used
as a rough index of the glomerular filtration r§d]. High levels of uric acid and creatinine inglies several
disturbances in kidney [55]. Hydroxychavicol treatmh significantly increased the levels of serumtgiro and
decreased urea, uric acid and creatinine of dialbrats. Diabetic rats treated with hydroxychavigmigicantly
inhibit proteolysis caused by insulin deficiencyedto insulin resistance mainly in the glucose uptakllsand
improves total protein level to near normalcy amid thechanism of action of hydroxychavicol is conaiée to that
of metformin.

The activities of aspartate transaminase, alamamesaminase and alkaline phosphatase in the sereontyol and
experimental groups of rats are depicted in Tabldt& activities of ALT, AST and ALP were signifiudy
elevated in HFD fed- low dose STZ induced diabeticup of rats.The increased activity of these dg@smic
marker enzymes may be due to the cellular damatieeifiver which is caused by STZ, the diabetogewgent used
for the induction of experimental diabetes [56,.67&l administration of hydroxychavicol to diabetats reverted
back the activity of these enzymes to near nornditating the tissue protective nature of the commglo
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Table 4 represents the level of glycogen and thieithes of glycogen synthase as well as glycoghngphorylase
in the liver tissues of control and experimentaugps of rats. HFD fed-low dose STZ induced diabgtaup of rats
showed a significant decline in the glycogen leaglwell as in the glycogen synthase activity armr@comitant
increase in the activity of glycogen phosphoryladeal treatment with hydroxychavicol as well as foiehin to
diabetic rats restored the level of glycogen amdattivities of glycogen synthase as well as glgcoghosphorylase
to near normalcy when compared to control groupraaé. A main function of glycogen is to maintain a
physiological blood glucose concentration, but divgr glycogen directly contributes to releaseghfcose into the
blood.Net glycogen synthesis is determined by #iarre of glycogen synthase and phosphorylasategi{58].In
insulin resistant subjects, the fractional actiafyglycogen synthase is low and correlates withrttes of glucose
disposal[59].Breakdown of glycogen is limited by thctivity of glycogenphosphorylase.

The effect of hydroxychavicol on the levels of tatholesterol, triglycerides and lipoproteins sushHDL, LDL
and VLDL in experimental groups of rats were ilhastéd in Table 5 and 6.The levels of total choledte
triglycerides, LDL and VLDL were elevated signifitéy with concomitant decline in the levels of HDh the
diabetic group of rats than that of control grodipats. Further, the altered levels of these chete§ triglycerides
and lipoproteins in the diabetic group of rats weignificantly normalized by the oral administraticof
hydroxychavicol as well as metformin. Liver is taly organ that can catabolize and excrete quéntts
important amount of cholesterol[60].The typicalidipdisorder in patients with diabetes, diabeticligydemia, is
characterized by elevated triglycerides, low lex#l$IDL cholesterol, and increased numbers of snoahse LDL
particles. The strong association in increased ldatticles and elevated triglycerides appears téinked to the
altered insulin sensitivity common in the metabaljimdrome and type 2 diabetes. Insulin resistanomgtes the
conversion of energy from ingested carbohydrate imcreased hepatic triglyceride synthesis, whichturn
generates large numbers of atherogenic triglycaiitelipoprotein particles, such as very low dénsipoprotein
(VLDL)[61].Phenolic compounds have been shown tgehbeneficial effects on dyslipidemia, which accaties
atherosclerosis in diabetes [62, 63]. Inactivatimih hepatic AMPK is a key event in the pathogenesis
hypolipidemia in diabetes and polyphenols such @svaratrol and apigenin are reported to increage th
phosphorylation of AMPK and its downstream targedt@l CoA- carboxylase and the increased activithldPK
was found to be 200 times more potent than thatetformin, a synthetic polyphenol widely used foe treatment
of diabetes mellitus[64].Our finding that structiyarelated dihydroxychavicol display comparabldeefs on
hepatocellular lipids indicating that the activatiof AMPK may account for its lipid lowering action

Table 1: Thelevels of fasting blood glucose, glycosylated hemoglobin (HbA1c), plasma insulin and urine sugar in control and
experimental groupsof rats

Groups Fasting Blood glucose | Hemoglobin HbAlc Insulin C-Peptide Urine sugar
Contro 85.43+4.4 13.88+0.4 | 5.72+0.2 15.82+0.2 | 263.81+1.6 Nil
Diabetic control 254.84 +1.98 08.13+0.35 | 12.08 +0.28 | 9.15+0.4%¥ | 126.61 +0.99 +++
Diabetic + Hydroxychavicol| 133.04 + 288 13.09+0.27 | 6.35+0.18 | 11.35+0.39 | 212.24+ 1.7 Nil
Diabetic + Metformin 123.99 + 5.69 13.29+0.18 | 590+0.28 | 12.38+0.4% | 237.03+ 1.5% Nil

Units: mg/dl for blood glucose, % hemoglobin for HbAld)/ml for plasma insulin, C-Peptidepd/ml),+++
indicates more than 2% sugar. Results are expressetean + S.E.M [n=6]. One-way ANOVA followed bgsp
hoc test LSD. The results were compared #itbntrol rats’Diabetic rats. Values are statistically significat*
P<0.05

Table 2: Effect of Hydroxychavicolon thelevels of plasma protein, blood urea, serum uric acid and serum creatininein experimental
groupsof rats

Groups Protein Urea Uric acid Creatinine
Control 896032 19.16 +049 243+0.9 0:£8.06
Diabetic control 6.12+0.20| 48.15 +0.87 | 5.63+0.18 | 1.69 +0.04
Diabetic + Hydroxychavico| 7.85+0.87| 23.01£0.6% | 2.79+0.08 | 0.69 + 0.0T
Diabetic + Metformin 8.07+0.29] 21.81+0.71 [ 2.30+0.04 | 0.57 +0.0¥

Units: g/dl for plasma protein, mg/dl for blood urea,wseruric acid and serum creatinine. Results areesged as
mean + S.E.M [n=6]. One-way ANOVA followed by padsbc test LSD. Values are statistically significant
P<0.05. The results were compared Viontrol rats’Diabetic rats
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Table 3: Effect of Hydroxychavicolon the levels of activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
alkaline phosphatase (ALP) in serum of experimental groupsof rats

Groups Control Diabetic control | Diabetic + Hydroxychavicol | Diabetic + Metformin
AST | 80.84+1.14] 128.70+2.81 9221 +1.18 84.37 £2.29
ALT 20.21+0.2 | 44.00+0.8% 24.81 +0.5” 18.61 + 0.7
ALP | 7515+1.0 | 143.90 +1.1* 90.37+0.7” 70.15 +1.5”

Enzyme activities are expressed as. AST and ALT -pmoles of pyruvate liberated/h/mg of protein, ALBmoles
of phenol liberated/min/mg of protein. Results arpressed as mean = S.E.M [n=6]. One-way ANOVAofold
by post hoc test LSD. Results are expressed as tn&B.M [n=6]. One-way ANOVA followed by post htest
LSD. Values are statistically significant @<0.05. The results were compared i@bntrol rats’Diabetic rats

Table4: Level of glycogen content and activities of glycogen synthase and glycogen phosphorylasein liver tissuesof control and
experimental groupsof rats

Groups Glycogen Glycogen synthase | Glycogen phosphorylase
Contro 55.78+1.41 851.22 +10.4 651.3:4+11.82
Diabetic 29.34+0.17 | 519.20+ 15.52 865.10 + 12.5¥
Diabetic + Hydroxychavicol| 43.00+0.85| 746.11 + 19.70 734.11 + 15.08
Diabetic + metformin 49.23+0.75| 784.71+12.25 732.51+ 14.50

Unitsare expressed as. mg of glucose/g wet tissue for glycogen, umolegbP formed/h/mg protein for glycogen
synthase and pmoles Pi liberated/h/mg protein lfigcogien phosphorylase.Values are given as mearktMSor
groups of six rats in each. One-way ANOVA followeéy post hoc test LSD. The results were compared
with 8Control rats"Diabetic rats Values are statistically significantP<0.05

Table5: Thelevels of cholesterol and triglycerides of control and experimental rats after 30 days of experimental period

Groups Cholesterol Triglycerides
Control 115.72+1.79 72.85 +2.04
Diabetic 235.03 + 10.02 | 169.09 + 16.07

110.15+ 4.4™
111.49 + 436

152.28 + 4.4”
134.14 + 286

Diabetic +Hydroxychavicc
Diabetic + metformin

Units: mg/dl. Values are given as mean + S.E.M for graefpsix rats in each. One-way ANOVA followed by pos
hoc test LSD. The results were compared #itbntrol rats’Diabetic rats. Values are statistically significaatt
*P<0.05

Table6: Thelevels of lipoprotein cholesterol in control and experimental groups of ratsafter 30 days of experimental period

Groups HDL LDL VLDL
Control 28.77 +1.63 52.06 + 4.10| 14.89 + 0.45
Diabetic 10.85+0.4% | 179.88+9.2% | 3346+ 097
Diabetic + Hydroxychavicol| 21.52 + 15| 105.26 +3.80 | 20.40 + 0.75
Diabetic + metformin 20.21+1.85] 97.62+52% | 19.27 +0.97

Units: mg/dl. Values are given as mean + S.E.M for graefpsix rats in each. One-way ANOVA followed by pos
hoc test LSD. The results were compared #itbntrol rats’Diabetic rats. Values are statistically significaatt
*P<0.05
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Figure 1: Effect of oral administration of hydroxychavicol on body weight in experimental group of rats
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Results are expressed as mean +S.E.M [n=6]. OngAMOVA followed by post hoc test LSD.
Statistical significance was compared within thewgrs as followscontrol rats;diabetic control rats. Values are statistically sificant at
“p<0.05

Figure2: Effect of hydroxychavicol treatment on oral glucose tolerance test in experimental group of rats

500.00 -
400.00 -
300.00 - Control
== Diabetic control
- Diabetic + Hydroxychavicol
200.00 -
= Diabetic + metformin
100.00
0-00 T T T 1
Fasting 30 min 60 min 90 min 120 min

Results are expressed as mean +S.E.M [n=6]. OngAMOVA followed by post hoc test LSD.
Statistical significance was compared within theugs as follows3control rats; diabetic control rats. Values are statistically sificant at
"p<0.05
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Figure3: HOMA-IR of control, diabetic, diabetic treated with hydroxychavicol and metformin groups of rats
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Results are expressed as mean +S.E.M [n=6]. OngANOVA followed by post hoc test LSD.
Statistical significance was compared within theugs as follows2control rats; diabetic control rats. Values are statistically sificant at
"p<0.05

CONCLUSION

The results of the present study evidenced thatoxydhavicol is an effective antidiabetic lead nuolle as it
possess the ability to enhance insulin secretiomfthe remnant beta cells of pancreas and to dereepatic
glucose production along with increased insulinsgasity. Additionally, it seems that hydroxychawids beneficial
against hyperlipidemia, a major secondary compboabf diabetes mellitus thereby delaying the depeient of
diabetes and its major secondary complicationeSlirydroxychavicol is non-toxic and found to posssgnificant
hypoglycemic and hypolipidemic properties, it maydonsider as a potential candidate for the treattioietype 2
diabetes mellitus.
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