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ABSTRACT

To quantify and compare the insulin sensitizingpemnty of aqueous extract of C. zeylanicum bark asiglitazone

in dexamethasone induced insulin resistariiee animals were categorized into two series ofadethasone
(dexamethasone 4mg/kg, dexamethasone 8mg/kg sefitbsp groups in each [plain control, dexamethason
4/8mg/kg as per series, rosiglitazone 8mg/kg anddlBg, cinnamon bark extract (CZE) 250mg/kg BWh18& day
study period, rosiglitazone and CZE groups receingspective drug treatments and dexamethasone gi¢$mg/kg
or 8mg/kg) started from day 7onwards. On day 12stiRg and post IPGTT blood samples were collected a
processed for glucose and insulin estimations.dth lseries, CZE250mg/kg treatment showed significsduction

in mean fasting glucose and insulin compared toigitazone8mg/kg, 16mg/kg groups and dexa controls
(P<0.05).The CZE250/kg treatment improved HOMA-IB\A-IS, FGIR and 30min post-IPGTT DI significantly
compared to dexa controls and rosiglitazone groBg&(05)while, the 120min post-IPGTT DI among sereit
groups was insignificant (P>0.05). Neither dexanastine nor sensitizer treatment groups interfereith wisulin
secretion during IPGTT as the IGI sustained>0.4ddr@heral glucose uptake (Gutt index) was sigaifity
improved with rosiglitazone and CZE250mg/kg treattm®ver dexa controls (P<0.05) but, there was igaificant
difference between rosiglitazone and CZE250mg/kgigs (P>0.05). The whole body insulin sensitivila{suda
index) significantly improved with CZE250mg/kg canapgl to rosiglitazone and dexa control groups (F38). The
efficacy of CZE250mg/kg in steroid induced insuksistance over rosiglitazone treatment as dematesdr by
improved insulin sensitivity indices is substargtht

Keywords: insulin sensitivity, insulin resistance, Gutt ind@sulinogenic index, HOMA, Matsuda index, FGIR.

INTRODUCTION

Some of the diabetic subjects predominantly haglefact in insulin secretion, while others may eigreze normal
or even excessive insulin secretion. The lattegsulp of diabetics has insulin resistance as timagwy flaw in

their glucose homeostasis. Glucocorticoids arengiséefor the regulation of metabolism, normal agern of

nervous, cardiovascular, skeletal and immune syst@they are also implicated in the pathogenesisbafsity,

insulin resistance and metabolic syndrome. [1] diladetogenic effect of glucocorticoid hormones lssiniom both

hepatic and peripheral resistance to the actiomaflin. In the setting of glucocorticoid excesssulin fails to

normally suppress hepatic glucose production andhdomally stimulate peripheral glucose utilizati@iThe

decrease in insulin-stimulated peripheral glucoskzation reflects reduced insulin-induced glucagatake into
skeletal muscle[1], the primary site of insulin-ris#dd glucose disposal.[3] In the management®ilin resistance
associate diabetes mellitus, two insulin sensitigeups are widely available are TZDs and Biguashioigt, adverse
effects are the determining factors in the longiteare.
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Cinnamomum zeylanic{@ZE) has been positively tested recently in typeigbetics for its anti-diabetic effect.
CZE is well known to display an insulin-enhancirdivty appears to increase glucose uptake. The, et al., a
study reportedn-vitro novel findings thalCinnamonextract and polyphenols with procyanidin type-A ypoérs
exhibit the potential to increase the amount of TTRB, and GLUT4 (Glucose Transporter-4) in 3T3-L1
Adipocytes[4] A study by Karalee J. et.al., demonstrate thatMHCP is an effective mimetic of insulin. MHCP
may be useful in the treatment of insulin resistasitidying the pathways leading to glucose utilizain cells.[5]
But, the extent of preventing insulin resistance aextent of sensitivity increased to insulin toduknitted.

Some Indices of insulin sensitivity (IS) and resigte (IR) are, in practice which include simpléosand products
of insulin and glucose levels at single time pomtsntegrated over time during an OGTT as propdseferley et
al.[6] and Yalow et al.[7] More complex formulas fimdices of insulin sensitivity or insulin resiat@ have been
suggested by several investigators such as Matthetwal.(HOMA)[8],Cederholmet al. (SI) [9],Guttet al.
(1S10,120¥10], Matsudaet al. (ISI (composite)).[11] Surrogate markers like ifisagenic index (IGI)[12], Fasting
Glucose to insulin ratio (FGIR).[13] The above noeth have been correlated well with more rigorouddhorious
measurements of insulin sensitivity as measureglithgr the steady state plasma glucose methodig2féquently
sampled i.v. glucose tolerance test and minimal ehadethod[14,15]or the gold-standard hyperinsulicem
euglycemic clamp method.[16,1@]this scenario, this present study is undertaicequantify, substantiate and
compare the degree of steroid induced insulin ta&si® and improvement in sensitivity with CZE aaosliglitazone
treatments by calculation of simple indices.

EXPERIMENTAL SECTION

Experimental Animals

The study was performed on male Wistar Albino matsghing around 230-270gms. Prior to the study,tlad!

animals were housed and maintained at 22-24°C textyre, under 12-h light: 12-h dark cycle with fieress to
food and water. Approval has been taken from tlsétlriional Animal Ethics Committee (Letter no: A2G//2011)

and all procedures were conducted according toatvised guidelines of CPCSEA Act, 1960 India.

Grouping of animals

As shown in Table no: 1 all the animals selectedtiie study were divided into 8 major treatmentug® of 6
animals in each group and one plain control. Expégh control remaining groups were equally suitetb D4 and
D8 series.

Table: 1 grouping of animals

Dexamethasone 4mg/kg (D4 Series) | Dexamethasone 8mg/kg (D8 Series)
Plain control — (Vehicle)
Vehicle+Dexamethasone4mg/kg(Dexa contrpl)  Vehiclexddnethasone8mg/kg(Dexacontrol)
ROSI 8mg/kg+Dexadmg/kg ROSI 8mg/kg+ Dexa8mg/kg
ROSI 16mg/kg+ Dexadmg/kg ROSI 16mg/kg+ Dexa8mg/kg
CZE 250mg/kg+ Dexadmg/kg CZE250mg/kg +Dexa8mg/kg

Plant material and extraction

Cinnamomum zeylanicdualchiniin Kannada) is commonly known as cinnamthe, bark was collected from the
pharmacy department at KVG Ayurvedic Medical CollégHospital, Sullia, Karnataka, in the month ofdember
2012. The plant was identified and authenticatecaiyotanist from Nehru Memorial College, Sullia, kBhina
Kannada, India and voucher specimen (No. SP-158/213) was preserved for future reference. Thé& bas
finely powdered and then subjected to successit@aion in a Soxhlet extractor using distilled araat 80°C
temperature. The yield of aqueous extract was curated in a rotary evaporator at reduced pressudeallowed
the water to evaporate completglg] The total yield was 6.1% and it was pickedam stored in cool and dry
bath, which was further employed in the study.

Drugs and doses
The doses were selected based on a pilot studyctedlin a small group of animals.

Dexamethasone injections 4mg/kg and 8mg/kg bodyhtklay i.p were choserC. zeylanicumbark aqueous
extract (CZE) solution was prepared at a conceatraif 250mg/ml with distilled water and 250mg/kg\VBorally
given to the respective groups. A pure fine powddoem of rosiglitazone (ROSI) was purchased fragnt labs,
Rajendra traders, Dharwad, Karnataka. Drug solutias prepared by using 2% gum acacia solution. 8ynanhd
16mg/kg of rosiglitazone were given orally to tkspective groups.
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Study design
Figure: 1
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Except dexamethasone, all the animals in all tleags (Table.1) received respective drugs dailyuphout the
study period (12 days). Treatment with dexamethasess started from day 7 to day 12. Each rat Wased to
have 100gm of standard food pellets and 100 mlatemdaily up to 1'1 day evening, followed by overnight fasting
with free access to water alone. Of"Hay morning, the drugs were given two hours pidocollecting blood by
retro orbital sinus puncture method. The colledmbd samples were centrifuged (4000 RPM/20min) #red
serum was processed for biochemical estimatioss$iffaglucose, insulin). (Fig.1)

Intra peritoneal (i.p) glucosetolerancetest (IPGTT)
After 16 hours of fasting, blood samples from h# animals were collected followed by administratid glucose
i.p (2gm/kg body weight). The blood samples werklected again at intervals of 30min, 60min and 12® and
then processed for glucose and insulin levels[19].

Estimation of serum glucose
GOD-PAP method was employed to determine the s@jucose. The values were measured as mg/dl and were
presented as Mean+SD. [20]

Estimation of serum insulin

Rat ultra-sensitive ELISA insulin Kff was purchased from Crystal Chem labs, New Delhiigh range assay (1-
64ng/ml) was performed by using provided reagentssierum samples to determine the insulin valuegh& Elisa
frame, the antibody coated micro plates reagenthvinlas marked 'A' were affixed. 95ul of the sangtlaent
which was marked 'G' were dispensed per each vgll.of the sample was pipetted out into each w&he micro
plate was incubated for 2 hours at 4°C. After iratidn, each well is washed with wash buffer fomiets. 100 pl of
anti-insulin enzyme conjugate was dispensed pet am the micro plate was incubated for 30 min aimn
temperature. Each well was washed 7 times with wadfer. 100 pl of enzyme substrate solution whichs
marked 'E' was dispensed per well. The micro phate now incubated at room temperature for 10 miight free
area. The enzyme reaction was terminated by addgul of enzyme reaction stop solution markegé&f' well.
Optical density values were estimated using stahdarves. The obtained optical density values vesreverted
into its original insulin valuesuU/ml) by subjecting to linear regression equatiorMS Excel 2010 version. The
values were presented as MeantSD.

Formulas used to calculate the indices:
HOMA-IR = Fasting insulin X Fasting glucose <+ 405
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HOMA-IS= 10000 = fasting insulin X fasting glucose
Insulinogenic index (IGI) =  (Ii-lg) + (G+Gg)

Disposition Index (DI) X13¢-1o) +(G30-Go) X 1Sl matsudaf 21]
Fasting Glucose to insulin ratio (FGIR)Gg/1o

. 5004+(G0—G120)x0.19xbody wt
Gutt index= 1Sk, 1567 2 ) 4

120XG meanxlog (I mean)

. 10000
MatSUda |ndex |Sd\/|atsuda): VGOXIOXG meanxI mean

The HOMA-IR and HOMA-IS were used to determine thegree of hepatic insulin resistance and sensitivit
respectively. The insulinogenic index was determhitteassess the insulin secretion as wefi-asll function while,
the disposition index and glucose to insulin ratiere determined to understand the improvement irtogle
intolerance and glycemic variability with the tneeint. The Gutt and Matsuda indices were determin@gsess the
improvement in peripheral and whole body insulisiseance respectively.

RESULTS

Fasting serum glucose and insulin

The comparative effects of the CZE and ROS lon tigpelinemia and hyperglycemia induced by dexanwtha
in both the series are displayed in Figure2&3. CZAg/kg significantly reduced fasting glucose amgllin levels
compared to dexamethasone control and ROSI 8, @nugbups in both D4 and D8 series (P< 0.05). Harev
these were not significant between ROSI 8,16mgrxp(05) (Table 2&3).

HOMA-IR & IS

The degree and extent of insulin resistance ansitdgty was assessed in respective study groupbkldiyeostatic
model assessment (HOMA) of IR and IS. As showrhinTable 2&3 the dexa control in both the serigsitated

maximum rise IR and reduction in IS which is sigraht over plain control (P<0.05). The mean vaineROSI and
CZE groups significantly higher compared to dexat, whereas, the difference in means of IR @hdbétween
ROSI and CZE significantly varied, suggesting brettgprovement with CZE treatment in both the se(es0.05).
However, the difference in means of IR and IS wakaignificant between ROSI 8mg/kg and 16mg/kg (PSP
But, an observation made that neither ROSI nor GE&wed better mean values of IR and IS comparqdaia

control.

FGIR

The FGIR was significantly trimmed back in the desantrol group compared to plain control, CZE ard3R
8mg/kg groups (P<0.05) but not with ROSI 16mg/kgugr (P>0.05) in D4 series, whereas, in D8 seriea de
control showed reduction in FGIR but it is non-siigant compared to both ROSI treatment groups (850 CZE
250mg/kg treatment significantly improved the ratmmpared to all groups in both the series (P<0(U&ple no:
2& 3).

Sensitivity indices

In both the series The Gutt and Matsuda indicesewdstermined in order to understand the improvenment
peripheral and whole body insulin resistance rebpey caused by dexamethasone (Table no: 2&3)déma
control group Gutt index significantly lowered coanpd to ROSI and CZE groups in both the series.(®30The
CZE and ROSI groups showed substantial improvenrer@utt index compared to dexa control in D4 series
(P<0.05) but, there is no significant differences@iyed among ROSI 8mg/kg, 16mg/kg and CZE groupb.(5).

In D8 series the CZE group improved Gutt index gigantly compared to dexa control and ROSI 16mg/kg
(P<0.05) but not with 8mg/kg (P>0.05) and theradssignificant difference observed between ROSI Bmand
16mg/kg groups (P>0.05) as well.

The Matsuda index was significantly dampened inadeantrol groups in both the series compared to IRDS
CZE treatments (P<0.05). The CZE 250mg/kg treatraigmiificantly increased the Matsuda index compaoeibst
of the study groups (P<0.05) but, did not meetaiaén control mean value in both the series whetieiasindex did
not significantly differ between ROSI treatmentsQF05) in both the series (Table no: 2&3).
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Disposition index (DI)

The post-IPGTT DI was determined by applying appeip mathematical formula and the values are roeat in
Figure 4.In both the series, at 30min post-IPGTEZECand ROSI treatments significantly improved thé D
compared to dexa control in both the series (P90.DBe DI hasn't significantly varied between R@®80 CZE
groups (P>0.05). Nevertheless, there is no significlifference observed in DI between ROSI 8/kg a6ohg/kg
(P>0.05) while, the mean values of DI at 120mintpBS&TT did not indicate significant difference angoROSI
8mg/kg, 16mg/kg and CZE 250mg/kg groups in bothstirées (P>0.05).

Insulinogenic index (1Gl)

The IGI in all the study groups was maintained abbaseline (<0.4) as the insulin secretion wasdchotemal or
above normal levels in all the study groups thraughthe post-IPGTT. The maximum IGI was noted a@rii
post-IPGTT in a dexa control group of both the eriwhich is substantial compared to ROSI 8mg/kand/kg,

CZE250mg/kg treatment and plain control groups (BS0(Table no: 4).

Figure: 2 Fasting glucose and insulin valueson day 12 in D4 series
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Table no: 2 Differencesin means of surrogate indices of insulin resistance and sensitivity on day 12 in D4 series

Surrogate markers PC D?Z;;?E;; ol 8?109/?! g ROSI 16mg/kg | CZE 250mg/kg
Fasting glucose 77.2+3.6 190.5+2.6 108.7+3% 112.616.2 84.6+7. 7%
Fasting insulin 21.5+5.9 335.7+23.3| 1115+1F% [ 141.7+7.58% 40.547.5
FGIR 3.59+1.36 0.55+0.41 0.98+0.1% 0.79+0.06* 2.42+0.40°
HOMA-IR 4.0£0.7 147.9+18.4 29.8+3°%% 39.3+2.6° 9.6+2.3°%
HOMA-IS 6.3+1.7 0.10+0.03 0.82+0.08 0.61+0.05™ 2.67+0.6°%
Gutt index 0.52+0.031| 0.0087+0.004 0.021+0.5%6] 0.033:0.036° | 0.035:+0.01F° |
Matsuda index 2.76+0.83 0.12+0.04 0.60+0.67 0.52+0.06™ 1.83+0.58°

Note: *= significant at 5% level (P<0.05), a= plain camtl (PC); b= Dexa control; c= ROSI 8mg/kg; d= ROBImg/kg; e= CZE 250mg/kg.

Table no: 3 Differencesin means of surrogate indices of insulin resistance and sensitivity on day 12 in D8 series

Surrogate markers | PC D%;;‘;Q;;d ROSI 8mg/kg | ROSI 16mg/kg | CZE 250mg/kg
Fasting glucose 77.2+3.6 274.7+3.9 125.9+4% 122.845.8% 96.315.50%
Fasting insulin 215459 | 458.0¢15.1] 173.6+12%8° | 130.2+£10.5 54.9+9 5%
FGIR 3.59+1.36| 0.64+0.22 0.72%0.6% 0.94+0.08¢ 1.58+0.37°
HOMA-IR 4.0+0.7 310.6+29.8 54.0+5%" 39.3+3, fabce 11.3+1. 725
HOMA-IS 6.3+1.7 0.07+0.03 0.45+0.05% 0.62+0.0™ 2.20+0.35°%
Gutt index 0.52+0.20| 0.0013:0.00  0.017+000 | 0.011+0.00" 0.029:0.06° |
Matsuda index 2.76+0.83 0.06+0.02 0.37+0.6% 0.51+0.13 1.15+0.7 775

Note: *= significant at 5% level (P<0.05), a= plain camt (PC); b= Dexa control; c= ROSI 8mg/kg; d= ROBSmg/kg; e= CZE 250mg/kg.

Figure: 4 Post IPGTT Disposition index valueson day 12 in D4 and D8 mg/kg series
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Table no: 4 Differencesin means of post-IPGTT insulinogenic index on day 12in D4 & D8 series

Group 30min 60min 120min

D4 D8 D4 D8 D4 D8
PC 1.81+0.7 1.810.7 1.93+0.8 1.930.8 2.60£1.1L 2.60+1
Dexacontrol [ 1.57+0.5 1.930.3 0.88+0.2 0.62+0.08 5.23£15 7179+
ROSI 8/kg 2.12+0.1 | 2.65+0.4°* | 2.62+0.8° | 3.14+1.9% | 4.60£2.0° | 3.11+1.0°
ROSI 16/kg | 1.84x0.4° | 1.35+0.1° | 1.98+0.8° | 0.96+0.7° | 5.43+3.1° | 2.56z0.5
CZE250/kg | 1.19+0.7%° | 0.82+0.7 | 1.62+0.4 | 0.55+0.07° | 0.88+0.7*% | 1.19+0.5™

Note: *= significant at 5% level (P<0.05), a= plain camt (PC); b= Dexa control; c= ROSI 8mg/kg; d= ROSImg/kg; e= CZE 250mg/kg.
DISCUSSION

Till date, studies on anti-diabetic activity @finnamomum zeylanicunm various models revealed its insulin
secretion enhancing property [22] but, none ofgtelies explained its insulin sensitizing propeéntyivo and its
use in insulin resistance. This work is aimed atehktent of insulin sensitizing activity by depngisteroid induced
IR of C.zeylanicunbark extract (CZE)in comparison with rosiglitazdiiSI). The study period and standardized
doses of 4mg, 8mg/kg dexamethasone were chosentlfremilot study for the induction of insulin resisce. The
two dose ranges of dexamethasone chosen to oliberdese dependent elevation and severity of IR

The standardized dexamethasone doses producedimmdicaemia and glycaemia as it is known to preduc
Various surrogate markers were determined in thisysto quantify and compare the dexamethasonecatdtiu
insulin resistance and sensitivity with CZE and R®&atments and assessed the improvement as well.

The results found in this study revealed that, ittsulin sensitizing potential of CZE in steroid uwed insulin
resistance is greater than or equal to that of R&SCZE reduced the insulin and glycaemic levelindufasting
state compared to dexa control and ROSI treatm@&his.ground for beneficial property is CZE haveulirslike
and unique effects on the regulation of gene exspyag23]

The Homeostatic model assessment (HOMA) was emglégedetermine the hepatic IR and IS of in respecti
study groups in both the series. Dexamethasoneati@at animals showed maximum hepatic IR and lowesgtatic
IS values among all study groups in respectiveeseas the IR and IS are inversely proportionalitheother.[24]
this explains the potential of glucocorticoids e tinduction of insulin resistance asthey inhiltlits activation of
glucose transport in rat skeletal muscle by bo#ulin and non-insulin related stimuli.[25] The risehepatic IR
with dexamethasone was effectively prevented wit @nd ROSI treatments evidenced by improved hepati
and IS values, but the CZE treatment overtook tlSRtreatment in preventing hepatic IR and imprgvi§ in
both the series.

The IGI was employed to determine the alteratiomgulin secretion in response to dexamethasonekmd) with
ROSI and CZE treatments in D4 and D8 series. AsdSAplsmail-Beigi F concluded their study[26], the
dexamethasone did not affect the synthesis anduptioth of insulin from the islets df-cells rather it potentiated
the secretion as the IGl was noted maximum at 12@ust-IPGTT in the dexa control group comparedesi of
the groups. This means, the dexamethasone indheethtter phase of insulin secretion than the filsase in
response to glucose load. This increase in ingg@aretion was even higher than plain control. Téflection is on
par with studies done by John Set al and Takestti &,[27, 28] suggest that the IGT can cause amethasone.
The ROSI and CZE treatments as well did not affieetsecretion of insulin compared to the tentatweoff value
of IGI (0.4) throughout the Post-IPGTT and effeetivprevented the dexamethaosone induced IGT malsi

The FGIR also reduced markedly in the dexa corgrolp in both the series and the ROSI and CZE rreats
improved the ratio significantly. This states ttla¢ IS was severely dampened with dexamethasoasnizat and
ROSI and CZE prevented the loss of IS. However Re§lared well by CZE treatment rather than RO Sittnent.
The glycaemic variability to IPGTT was determingd® which explains the acute insulin responsertmant of
glucose.[29] According to the findings made frons tstudy, the lowest DI observed with dexamethasmament
as it produced maximum IR among all study groupsath the series. Hence, it is clear that acutgnment of high
dose dexamethasone constrained glycemic variakifity intolerance in animals. Nonetheless, the CZiE ROSI
treatment deprived the fall in DI effectively arle rise in glycemic variability was well contralldy both CZE
and ROSI.

The whole body insulin sensitivity comprising oftbdepatic and peripheral glucose uptake and seweliaes are
available to assess them individually.[30] In presstudy Gutt index was employed to assess thenexike
peripheral glucose uptake by the tissues, partigutkeletal muscles and adipose tissue, where@\AHS was
considered for extent of hepatic extraction of ghe in both the series. The dexamethasone treatsesetely
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hindered the peripheral glucose uptake while CZHE BR®SI treatments enhanced a number compared ® dex
control, but lower than plain control in both theries. However, the difference in improvement obsghetween
ROSI and CZE was insignificant. With this we interjed that the above insulin sensitizers enhanezoge uptake

by hepatic extraction rather than uptake into skélauscles and adipose tissue.

The whole body IR was assessed from Matsuda indeéxtavas markedly lowered the index suggestininarease
in whole body insulin resistance in animals andat elevated with CZE and ROSI treatments in reésmegroups
in both the series. This creates the sense thawiiode body insulin sensitivity was preserved byECand ROSI
treatments over dexamethasone treatment. Thedifferin Matsuda index was significant between CadE ROSI
treatments. Nevertheless, The overall differencerapsurrogate markers of IR and IS was insignifidaetween
ROSI 8mg/kg and 16mg/kg treatments.

CONCLUSION

To conclude, the bark of.zeylanicumhas the insulin sensitising potential that cancbmpared with that of
rosiglitazone and probably enhances insulin setitgitprimarily by hepatic extraction of glucose alg peripheral
glucose uptake into skeletal muscles and adipesadi These aspects of insulin sensitivity requiodeke evaluated
further to establish more precise insulin sengitize

REFERENCES

[1] Amatruda JM, Livingston JN, Lockwood DBliabetes Metab Ra985;1:293-317.

[2] Pagano G, CavalloPerin P, Cassader M, Bruno A, @zZg Masciola P,DaU'omo AM, Imbimbo BJ
Clinlnvest1983; 72:1814-1820.

[3] DeFronzo RA, Jacot E, Jequier E, Maeder E, Wahréelber JMiabete4981;30:1000-1007,

[4] Cao H, Marilyn M, Polansky, Anderson RA. ArchivefsBiochemistry and Biophysi@807; 459 (2): 214-222.
[5] Karalee J. Jarvill T, Richard A. A, Donald J GJAf the Ame College of N2601; 20 (4): 327-336.

[6] Perley M, Kipnis DM .Diabeted4966;15: 867—874.

[7] Yalow RS, Berson, SAI Clinlnvestig 960;39:1157-1175.

[8] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, TreaDF, Turner RCDiabetologial985; 28 412-419.
[9] Duncan MH, Singh BM, Wise PH, Carter G, ZadeH aAncefl995; 346: 120-121.

[10] Gutt M, Davis CL, Spitzer SB, Llabre MM, Kumar Mz&rneckiEM et alDiabetes ResClinPra2000;47:177—
1784.

[11] Matsuda M, Defronzo R Biabetes Car#999; 22:1462—-1470.

[12] YeniKom SH, Carantoni M, Abbasi F, Reaven @ihbetes Car2000; 23:171-175.

[13]Legro RS, GoodFD, Dunaif A.ClinEndocrinolMetath998;83: 2694-2698.

[14]Katz A, Nambi SS, Mather K, Baron AD, Follmann D8ullivanG.J ClinEndocrinolMetaB000, 85:2402—
2410.

[15] Avignon A, Boegner C, Mariano-Goulart D, Colette ®onnierLInt J ObesRelatMetabDiso1899;23:512—
517.

[16]Mari A, Pacini G, Murphy E., Ludvik B, Nolan JDiabetes Car2001; 24:539-548.

[17]Stumvoll M, Mitrakou A, Pimenta W, Jenssen T, Ykrdnen H, VanHaeften TDiabetes Car2000;23:295—
301.

[18]Syed A, Ritu B, Maya SN, Syed SHro J of Pharma Resear2012; 11(3):429-435.

[19]Ghamarian A, Abdollahi M, Amiri A, Ahadi A, Nowrou?A. Daru jour of Pharm scienc@g12; 20: 56.
[20]Kumar SS, Mukkadan JKali Medical Journa2013; 2(3):97-99.

[21]Weiss R, Cali AM, Dziura J, Dugert TS, Tamborlan¥ VZaprio S Diabetic car@007; 30: 1845-1850.

[22] Syed AH, Ritu B, Maya SN, Syed SHrop J Pharm ReX12; 11(3): 429-435.

[23]HepingC, bolinQ, kiran SP, Anderson AR. Agrofoodistty hi-tecl2008; 19(6).

[24] Ahre'nB, Pacini GEu J of Endoc2004; 150: 97-104.

[25] Steven PW, Tania P, Alia P, Richard Bihbete4995; 44: 441-445.

[26] SoodA, IsmailBeigi FEndocrPracP010; 16(5):763-769.

[27]1Gounarides JS, Korach-Andre M, Killary K,Argenti€i Turner O, Laurent DEndocrinology008; 149(2):
758-766.

[28] Takeshi O, Katsuhiro M, Takahisa Yournal of animal and veterinary advan26%0; 9(23): 2963-2969.
[29]1Chen T, Xu F, binSu J, Wang X, Chen JF, WiD@&betology and Metabolic Syndro28d3; 5(1):38.
[30]Manish, Sukriti K, Syed M, Kumar KG, Abhinav Gdian Journal of Endocrinology and Metabolis2@15;
19(1): 160-164.

39



