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ABSTRACT

Type 2 diabetes is a prevalent and growing probileanldwide. This study aimed to evaluate the efédcimetformin and
sitagliptin on lipid profile and oxidative stress streptozotocin (STZ) induced diabetic albino ®isats. Twenty four neonatal
rats (approximately 9+2 g), were randomly dividedtd 4 groups: The control (n=6), untreated diabgt=6), diabetic treated
by metformin (n=6) and treated by sitagliptin (n=8he diabetes was induced in the subjects bypetitoneal injecting of STZ
with a dose of 90 mg/kg body weight. Then, thewat® kept 8 weeks under the same conditions th@tied in the study. The
group 3 and 4 was respectively gavaged by metfofdB0 mg/kg/day) and sitagliptin (100 mg/kg/day) doe month. At the
end, blood samples were collected from each ratelieer, the serum levels of triglyceride (TG), tataolesterol (TC), HDL-C,
LDL-C and Malondialdehyde (MDA) were assessed.abefic rats, metformin therapy reduced serum comagan of TG (-
82.246 mg.dl), TC (-55.841 mg.dl), LDL-C (-68.46 ##g.dl), MDA (-1.740.18 um.L) and increased serusnaentration of
HDL-C (+29.1 +£0.1 mg.dl) (significant at R 0.05). Also in diabetic rats, sitagliptin therapduced serum concentration of TG
(-75.945 mg.dl), TC (-50.149 mg.dl), LDL-C (-62.%56 mg.dl), MDA (-1.5 £0.07 um.L) and increasedwsa concentration of
HDL-C (+27.2 £0.7 mg.dl) (significant at R 0.05). As the results show, about the parametedied in this experiment, there
was no significant difference between 2 groups tiregtted with metformin and treated with sitaglipith the end. In other words,
sitagliptin is effective on improving the lipid fiite and oxidative stress like metformin. Findingfsthis study showed that
sitagliptin is an efficient pharmaceutical compasitwith beneficial antidiabetic effects. Howev&nce the effect of this drug is
dependent on secretion of endogenous GLP-1, itldheuused only for patients with some extent t¥ag-cells.
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INTRODUCTION

The prevalence of type 2 diabetes and the assdambebidity and mortality are increasing (1, 2)eféfore, there
is special concern with strategies to curtail tkks or prevent the development of type 2 diabet#teough insulin
resistance as a secondary consequence of diabatisstb lifestyle changes in the patient followsgdb increase in
the prevalence of diabetes in the society, thelimsecretion increases in most resistant indivisiweho remain
non-diabetics (3, 4). Conversely, insulin resiseaimcgenetically vulnerable individuals aggravatgse 2 diabetes,
reduces the cellular activitp islets and ultimately, results in hyperglycemi&}4-The type 2 diabetes is
characterized by a gradual deterioration f€ell function looking for insulin resistance. Moxer, it is
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accompanied by escalation of blood glucose contndiich in turn leads to hyperglycemia related t@ th
complications of diabetes, including diabetic refiathy, nephropathy, neuropathy, dyslipidemia ardiovascular
disease (CVDs)(7). Diabetes mellitus (DM) invohaegroup of metabolic disorders with various etigdsgwhich
lead to increased blood sugar and impaired gludaseand protein metabolism (8). It seems that rtretabolic
disorder of the sugar and insulin- resistance plaivotal role in the incidence of dyslipidemiapieople with type 2
diabetes (4). On the other hand, one of the outsoofieliabetes is oxidative stress that is causethbeffect of
hyperglycemia (8).

Recent studies indicate that oxidation agents aeties result in many complications (8).The maasoe for the
emergence of these symptoms is the outset of Milkaain chemical reactions after the glycationrotgins, which
later leads to formation of Schiff base, Amadondarcts and eventually advanced glycation end pts@aGES)(9,
10). The AGEs are non-application proteins that ssntagether and can alter the structure and funafoother
proteins. They can also affect the neural pathwaysre messages are transferred (9-11).The babyoaWistar
rats with streptozotocin-induced diabetes are @aeily useful for testing the insignificancetell function in the
development of type 2 diabetes (NIDDM). In this rabdliabetes is induced by injection of STZ ateliént doses
(80-100 mg/kg) at various age groups (0, 2 or 5sda§ birth) leading to different degrees @fcell
destruction(12).Previous studies have shown thaedaglycation of proteins and higher stability cgpecifically
reduce the risk of diabetes complications (13,As}n first- line therapy Proper diet and exercisammote weight
loss and improve blood glucose control in individueho have recently been diagnosed with diabetesi@wever,
most patientswill need to take oral antidiabetiagdr (OADSs) so as to control blood glucose and nmanye will
ultimately require insulin therapy. Although thdaseatments are effective in lowering HbA1C, thejenflead to
weight gain in patients. For example, sulfonyluréas@zolidinediones and insulin lead to weightnghy 2 kg per
1% reduction of HbA1C(15, 16).By comparing the perfance of metformin (golden drug that is alreadgely
used to treat type 2 diabetes) and incretin (a gemeration of blood glucose lowering drugs) ancegtigating
beneficial effects on lipid profile and oxidativeess, we can more accurately understand their amésim and then
finally apply new detection and treatment methods tipe 2 diabetes patients using this drug fa@iythe
available therapies, metformin is the most commounBed oral antihyperglycemic agent (OHA), both as
monotherapy and in combination with other agenthsas sulfonylureas or thiazolidinediones(17, M#atformin
reduces glucose production in the liver and impsowesulin resistance so as to curtail blood gludosdiabetic
patients (19). In addition, metformin has been rigubto increase by 1.5 to 2-fold the concentratiohbiologically
active glucagon like peptide-1(GLP-1) in non-diabendividuals suffering from obsess under the effef oral
glucose (20). The effect on the concentration ofPALis not a consequence of inhibiting enzyme dytiof
dipeptidyl peptidase-4(DPP-4)(21, 22). Metforminjike other standard oral anti diabetes drugs (OABRsoften
associated with slight weight loss (23).In respotsdood intake, the digestive tract secretes atgoeal of
gastrointestinal hormones, among which glucose-ul#gr® insulinotropic peptide (GIP) and GLP-1 arpdmant in
regulation of blood glucose. Generally, GLP-1 ar@ @re known as incretin hormones. Both stimulageibtsulin
secretion from pancrediscells in response to intake of oral glucose. Famtiore, GLP-1 can inhibit the secretion of
glucagon after meals. Under normal physical cooddj the activity of these hormonesleads to lirgitine rise in
blood glucose levels after eating. In their absertevever, the pancreatic response to glucose otratien
decreases. This is technically called incretinaffasst demonstrated in 1960s. These hormonesesonsible for
the secretion of 50 to 70 percent of insulin redeafter consumption of glucose. Moreover, theyadnle to function
so after food intake and before the blood glucesellincrease. It has been observed that oral astmaition of
glucose increases insulin secretion more intengey when it is administered intravenously, thhgse findings
identify the function of incretin to a certain ext@4, 25).

The incretin-based therapies include the use of -GLtBceptor agonists and DPP-4 inhibitors, whickiehbeen
recently prescribed for controlling type 2 diabetescontrast to many traditional treatments, tiheyer lead to
weight gain in patients (26). Sitagliptin, vildggin, Sazagliptin and linagliptin from the DPP-4iipitors are
relatively new hypoglycemic drugs lately approvedthe US Food and Drug Administration or the Euepe
Medical Organization. Nevertheless, other drugsftbe same family are awaiting approval or in tegedlopment
stage (27). Sitagliptin is an oral medication aighly selective DPP-4 inhibitor demonstrating a regproach for
the treatment of patients with type 2 diabetes.(2Bg DPP-4 inhibitors can prevent the enzymatédyasis of GLP-
1 and GIP (two incretin hormone involved in glucdeemeostasis) (29). On the basis of studies doribeirpast,
following the oral glucose tolerance test, Sitatjtipesulted in a two-fold increase in concentnagiof biologically
active GLP-1 and GIP as well as higher insulin sgen and lower glucagon secretion compared togpl@adn
patients with type 2 diabetes (30). These changaddwltimately lead to a significant decrease astprandial
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blood glucose levels (31).This study was desigmetinie with several recent research on diabete®rooy the
effect of aqueous extract of saffron (Crocus Sabivan serum biochemical parameters in rats with-Bitidced
diabetes (32), overview of mechanisms in plantienots during the treatment of diabetes (33),eftécPurslane
extract on antioxidant balance in women with typdighetes (34), changes in levels of AGEs p2anicroglobulin
and imbalance of trace elements in type 2 diab@{ts8 study designed.

MATERIALSAND METHODS

Providing laboratory animals and diabetic injection

The baby albino Wistar male rats (purchased fromamimal house of Jundishapur University, Ahvaz)hwain
average age 2 to 5 days divided randomly into tealthy and patient groups. The latter was intrapeeially (IP)
injected STZ (90 mg/kg body weight). Healthy graspa control only received physiological serumdtigm (12).

Classification of animals

After 48 hours, the rats with blood glucose levgisater than 250 mg/dl were considered diabeticuesed in the
experiment (35). After confirmation of diabetes apént 8 weeks, the rates were divided into 4 ggafsix : 1)
Normal rats considered as a control after serumciign without STZ , 2) Diabetic rats without tneant , 3)
Diabetic rats treated with metformin (150 mg/kg peekight) (35), and 4) Diabetic rats treated witagiptin (100
mg/kg body weight) (25, 36). This study was caredi for a month.

Blood and Serum Samples

After one month, rats were sacrificed and blood amwere taken from the Aortic input. These blsadhples
were kept at room temperature for 60 minutes anghsevas isolated away through centrifuge at 3000 fgr 15m
at 25°c. Serum falcons were kept at-20°c untilahalysis of biochemical parameters.

The experiment protocol was confirmed by the Cduafcanimal ethics committee with instructions retjag the
use and treatment of laboratory animals prepareiiyaz Jundishapur University of Medical Sciences.

Biochemical Analysis

The concentration of the total cholesterol (TE¥520nm) and triglyceride (TG)£505nm) were measured by
commercial kits (Bionik, Tehran, Iran), automatimalyzer (Abbott, model Alcyon 300, USA) and
spectrophotometer device based on enzymatic cadtriicrmethods.

The high density lipoprotein cholesterol (HDL-C) sérum samples was purified by quantitative detackit
(HDL-C precipitant. Pars Azmone, Tehran, Iran) adow to precipitant all lipoproteins (chylomicro¥L.DL and
LDL-C) in response to reaction with phosphotungisthd magnesium ions. Finally, concentration of HDwas
measured by enzymatic colorimetric method usingtspphotometer at 546nm.The concentration of lowsdg
lipoprotein cholesterol (LDL-C) of serum samplesswealculated using computational method of FriedidVa
equation.

LDL — C (mg/dL) = Total cholesterol — (VLDL + HDLE)

To study the effect of drugs on oxidative stregsidlperoxidation was measured by determinationsefum
concentration of malondialdehyde (MDA) by cheminsthod with commercial kit (TBARS) according to tkie
instructions. The reaction of MDA with thiobarbiiziracid (TBA) (PH>7, T=90°c) composed the pink complex
which its absorbance was measured by spectrophtdéorat 532nm and adapted with standard curve based
dilutions prepared by tetra etoxy propane. All thsults were presented as mean + SD. differendegebe mean
values for each parameter in different groups warecified through one-way ANOVA at significance dewof
P<0.05 using SPSS 16.0.

RESULTS
Figures 1 to 4 show the variations in serum lipiofite of rats at the end of the experimental pefior one month.

According to Figure 1, 2 and 3, respectively leveisTG, TC, and LDL-C in diabetic group (D) incredsas
compared to the control group (H) at significarmeel at R0.05. Finally, levels of those parameters decreagied
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lapse of one-month period in diabetic rats treatéth metformin (D+M) and treated with Sitagliptib¢1) at
significance level of £0.05.

According to Figure 4, the serum concentration BiLHC in diabetic group (D) at significance level B£0.05 was
lower than this compared to the normal group (H)th® end of one-month experimental period, HDLaGliabetic
rats treated with metformin (D+M) and sitagliptiD«]) increased significantly at<{®.05. According to data
obtained, metformin and sitagliptin were effective improving HDL-C levels and there were no sigrafit
differences between them.

Figures 1 to 4. lllustrate the variation in concatibns of serum lipid profile in rats at the enfdame-month
treatment. (1)TG, (2)TC, (3)LDL-C and (4)HDL-C. 4ngroups: healthy control (H), diabetic withoutat@ent (D),
diabetic treated by metformin (D+M) and diabeteatied by sitagliptin (D+l).

Fig 5 shows that the concentration of MDA in diabeats was significantly @0.05) higher than that in the control
group. This parameter in diabetic rats recevingfonetin (D+M) and sitagliptin (D+1) was reduced sificantly
(P<0.05). But, there was no statistically significastsociation between 2 diabetic groups treated migtformin
(D+M) and sitagliptin (D+l) at end of the experinben

According to Figure 5, serum levels of MDA in thialgetic group (D) at significance level o£®05 were higher
than in the control group (H). This biochemical graeter decreased in diabetic groups treated wittiomgn
(D+M) and Sitagliptin (D+I) at significance level B<0.05.

DISCUSSION

In diabetic rats, metformin therapy reduced seramcentration of TG (-82.2 + 6 mg.dl), TC (-55.8 #rig.dl),
LDL-C (-68.46 + 7 mg.dl), MDA (-1.7 £ 0.18 um.L) dnincreased serum concentration of HDL-C (+29.0.%
mg.dl) (significant at K 0.05). Also in diabetic rats, sitagliptin theraggluced serum concentration of TG (-75.9+
5 mg.dl), TC (-50.1 £ 9 mg.dl), LDL-C (-62.12 + 6gndl), MDA (-1.5 £ 0.07 um.L) and increased serum
concentration of HDL-C (+27.2 + 0.7 mg.dl) (signdint at P< 0.05).0Oral administration of metformin (150 mg/kg
body weight) for one month improved the lipid ptefand oxidative stress in STZ-induced diabetis.ratis
indicates that metformin has anti-hyperglycemic ami-lipidemic effects. According to researchesried,
metformin improves lipid profile through activatiaxi adenosine mono phosphate protein kinase (AMIRKY) is
effective in insulin signaling, energy balance loé twhole body and metabolism of lipids (37). Actech AMPK
inhibits acetyl-COA carboxylase (ACC) through phlosgylation of Ser-79 resulting in reduction of majo COA
level and activation of CTP-1 enzyme and thus iibilipogenesis (37).In addition, metformin prowdéhe
possibility of oxidation of fatty acids through aettes lipoprotein lipase (LPL) to break down VLI to free fatty
acids (FFA)(37).Metformin reduces level of cholegtén patients with T2DM. This means that activhi®MPK
reduces synthesis of cholesterol through phospatioyl and inhibition of HMG-COA reductase (cytosodinzyme
of cholesterol biosynthesis). As well as, activafddPK reduces biosynthesis of triacylglycerol (TAfB)liver and
then reduces concentration of TG in diabetics (@Ffal administration of metformin prevents to irase the MDA
level (as a lipid proxidation index). In other werdhe increment of MDA level in serum of vistabiab rats
(induced by STZ) shows that oxidative stress amdtiee oxygen species (ROS) are effective in pathegis of
type 2 diabetes (38). Sitagliptin with 100 mg/kglpaveight dosage for one month improved the lipidfie and
oxidative stress in STZ-induced diabetic rats. Adow to studies, sitagliptin inhibits DPP-4 enzymed then
prevents premature degradation of endogenous GLP-1.

GLP-1 causes exocytosis of insulin-containing gresmiuhrough binding to its receptor on surfacepefells,
activation of protein kinase-A (PKA), incrementaAMP level and finally increment of intra celluleoncentration
of CaZions (39-41). On the other side, stimulationpedells receptors activates different pathways obgine
kinase cascade, increases pdx-1 gene expressioffirmily leads to stimulation of mitosis, neogesesind
inhibition of apoptosis (39, 40).As well as, GLPedauses reduction of glucagon secretion throughitognto
receptors ofu-cells (39, 40).GLP-1 induces satiety signal anduces food intake through stimulation of pyloric
sphincter receptors and reduction of gastric emptyiate (39).In muscle, GLP-1 causes incrementlyifogen
synthesis after the meal through secondary messdiige IPG, IP3K/PKB and MAPkinase pathways (42,
43).Although GLP-1 synthesis happens in the biain,only where the blood-brain barrier (BBB) allqwan bind
to its receptor and induce satiety signal (44,@®en that the most important property of GLP-lbtostimulate
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insulin secretion in clinical trials, thus all ofitediabetic effects of sitagliptin related to maadism of insulin in
body like the inhibition effect of insulin on horme-sensitive lipase enzyme in adipose tissue wtdels to
inhibition of the degradation of TG into FFA, thbyeinhibiting cholesterol synthesis or the stimidateffect of

insulin on ATP-citrate lyase, acetyl-COA carboxg@dg#®\CC), fatty acid synthase (FAS) and glucose 6sphate
dehydrogenase (G6PDH) which lead to increase adifissue lipogenesis (46).The increment of inssdicretion
by oral administration of sitagliptin leads to iease intake of glucose by peripheral tissues aradrasult reduce
production of advanced glycated end products (AGERg low level of AGEs causes reduction conceiatmabf

free radicals, and proxidation of unsaturated fatyds in membranes and lipoproteins and finallguoes
production of reactive dialdehyde compounds suchB# (46).As results show, about parameters studietthis

experiment, there was no significant differencenieetn 2 groups that treated with metformin and éebatith

sitagliptin in the end. In other words, sitaglipiineffective on improving the lipid profile andidative stress like
metformin. Based on findings of this study and ri¢gation to previous studies that have been ddnean be
concluded that sitagliptin is suitable as a phaeutical composition and has beneficial antidiabeffects. But
since the effect of this drug is dependent on siecreof endogenous GLP-1, can be used only forepti with

somewhat activg-cells.

REFERENCES

1.King H, Aubert RE, Herman WH. Global burden @ditzbtes, 1995-2025: prevalence, numerical estimatebs
projections. Diabetes care. 1998;21(9):1414-31.

2. Hemmati AA, Jalali MT, et al. Impact of aqueaaidract of black mulberry (Morus nigra) on liverdakidney
function of diabetic mice. Jundishapur Journal afidal Pharmaceutical Products. 2010; 5(1): 182P30.

3. Polonsky K, Given B, Van Cauter E. Twenty-fowuh profiles and pulsatile patterns of insulin stion in
normal and obese subjects. Journal of Clinicaldtigation. 1988;81(2):442.

4. Sedaghat A, Shahbazian H, Haidari F, Payamid&fanshahi A, Latifi SM. The Effect of Soy Nuts®lycemic
Control, Lipid Profile and Insulin-Resistance inpey2 Diabetic Patients. Open Journal of Endocritte Metabolic
Diseases. 2015;5(01):1.

5. Polonsky KS, Given BD, Hirsch LJ, Tillil H, Shap ET, Beebe C, et al. Abnormal patterns of insskcretion in
non-insulin-dependent diabetes mellitus. New Ergjléournal of Medicine. 1988;318(19):1231-9.

6. Seltzer HS, Allen EW, Herron Jr AL, Brennan Misulin secretion in response to glycemic stimuhesation of
delayed initial release to carbohydrate intoleramcamild diabetes mellitus. Journal of Clinical &stigation.
1967;46(3):323.

7.Nathan DM, Buse JB, Davidson MB, Ferrannini Elrian RR, Sherwin R, et al. Medical management of
hyperglycemia in type 2 diabetes: a consensus itligoifor the initiation and adjustment of therapgansensus
statement of the American Diabetes AssociationtapdEuropean Association for the Study of Diabef#abetes
care. 2009;32(1):193-203.

8. MAHDIZADEH R, SHARIFAT M, SHIRALI S, TARRAH A .NVESTIGATION OF CHANGES IN LEVELS
OF SERUM ELEMENTS, LIPID PROFILE AND ADVANCED GLYCAION END PRODUCT IN PATIENTS
WITH TYPE 2 DIABETES. International Journal of Bagly, Pharmacy and Allied Sciences (IJBPAS). 2015;7.
2015.

9. Shahbazian H, Rezaii |. Diabetic kidney diseasejew of the current knowledge. Journal of Relmgliry
Prevention. 2013;2(2):73.

10. Mahdizadeh R, Shirali S, Ebadi P. Investigatafnimbalance of trace elements in patients withety2
diabetesmellitus. Journal of Academic and Appliaddfgs. 2014;4(9):11-21.

11. MiSur |, Turk Z. Substituted guanidine compasirass inhibitors of nonenzymatic glycation in vit@roatica
Chemica Acta. 2001;74(2):455-65.

12. Shirali S , Bathaie SZ , Nakhjavani M . Effadt crosin on the Insulin Resistance and lipid peofof
streptozotocin — induced diabetic rats . PhytoRes 2012 ; DOI : 10.1002 / ptr . 4836 . 2012.

13. Jafarnejad A, Bathaie S, Nakhjavani M, HassaiEféct of spermine on lipid profile and HDL fuimtality in
the streptozotocin-induced diabetic rat model. kidences. 2008;82(5):301-7.

14. Rashidi H, Kasiri A, Latifi SM, Zaman F, Shaklzan H, Aleali AM. Comparison of Established Ris&ckors
among Type 2 Diabetic Patients with or without Regiathy in Golestan Hospital, Ahvaz 2010. Open rdaluof
Endocrine and Metabolic Diseases. 2014;4(10):225.

231



Shour esh Babaali et al Int. J. Pharm. Res. Allied Sci., 2016, 5(2):227-233

15. Ratner R, Goldberg R , Haffner S, MarcovinaG&chard T , Fowler S, Temprosa M . Diabetevgmé&on
program research group . Impact of intensive fesand metformin therapy on cardiovascular disessefactors
in the diabetes prevention program . Diabetes 2a0& ; 28 : 888 — 894 . 2005.

16. Yu AP, Wu EQ, Birnbaum HG, Emani S, Fay M, P@hlet al. Short-term economic impact of body weigh
change among patients with type 2 diabetes treattbdantidiabetic agents: analysis using claimbptatory, and
medical record data. Current medical research givdom. 2007;23(9):2157-69.

17. Rosenstock J, Rood J, Cobitz A, Biswas N, CHpGarber A. Initial treatment with rosiglitazone#tformin
fixed-dose combination therapy compared with monothevépy either rosiglitazone or metformin in patiemtgh
uncontrolled type 2 diabetes. Diabetes, ObesityMathbolism. 2006;8(6):650-60.

18. Deek ED, Scott LJ . Pioglitazone / metformidrugs 2006 ; 66 : 1863 — 1877 . 2006.

19. Hundal RS, Inzucchi SE . Metformin : new urst@nding , new uses . Drugs 2003 ; 63 : 1879 4 12803.

20. Manucci E , Ognibene A, Cremasco F , BardiniNencucci A , Pierazzuoli E , Ciani S , Messerj Botella
CM . Effect of metformin on glucagon — like peptidie(GLP-1) and leptin levels in obese non diabstibjects .
Diabetes Care 2001 ; 24 : 489 — 494 . 2001.

21. Hinke SA, Kuhn-Wache K, Hoffmann T, Pederson, Rfcintosh CH, Demuth H-U. Metformin effects on
dipeptidylpeptidase IV degradation of glucagon-likgeptide-1. Biochemical and biophysical research
communications. 2002;291(5):1302-8.

22. Lenhard JM, Croom DK, Minnick DT. Reduced seruipeptidyl peptidase-IV after metformin and
pioglitazone treatments. Biochemical and biophysiesearch communications. 2004;324(1):92-7.

23. Horton ES, Silberman C, Davis KL, Berria R. gtdiloss, glycemic control, and changes in cardioukar
biomarkers in patients with type 2 diabetes reogjvincretin therapies or insulin in a large cohdatabase.
Diabetes Care. 2010;33(8):1759-65.

24. Elrick H, Stimmler L, Hlad Jr C, Arai Y. Plasmasulin Response to Oral and Intravenous Glucose
Administration 1. The Journal of Clinical Endocriogy & Metabolism. 1964;24(10):1076-82.

25. Robertson C. Incretin-related therapies in Tybediabetes: a practical overview. Diabetes Spettru
2011;24(1):26-35.

26. Lovshin JA , Drucker DJ . Incretin — based #pézs for type 2 diabetes mellitus . Nat Rev Enidot2009 ; 5 :
262 — 269 . 2009.

27. Karagiannis T, Paschos P, Paletas K, MattheRisT3apas A. Dipeptidyl peptidase-4 inhibitors fiatment
of type 2 diabetes mellitus in the clinical settisgstematic review and meta-analysis. Bmj. 2012&4369.

28. Kim D, Wang L , Beconi M , Eiermann GJ , FisivH , He H , Hickey GJ , Kowalchick JE , Leiting B
Lyons K , Marsilio F , Mccann ME , Petal RA , Petrd , Scapin G , Patel SB , Roy RS , Wu JK , WywhJ ,
Zhang BB, Zhu L, Thornberry NA , Weber AE . (2Rpx0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]trzlo[4, 3-
a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)bute?ramine : a potent , orally active dipeptidyl pdpse -4 inhibitor
for the treatment of type 2 diabetes . J Med Chefb2 48 : 141 — 151 . 2005.

29. Drucker D, Nauck M. GLP-1R agonists (incretimmtics) and DPP-4 inhibitors (incretin enhancdos)the
treatment of type 2 diabetes. Lancet. 2006;3683p51705.

30. Raz I, Hanefeld M, Xu L, Caria C, Williams-Hexm D, Khatami H. Efficacy and safety of the dipdyiki
peptidase-4 inhibitor sitagliptin as monotherapy patients with type 2 diabetes mellitus. Diabet@og
2006;49(11):2564-71.

31. Goldstein BJ , Feinglos MN , Lunceford JK , ds&tn J , Williams-Herman DE . Effect of initial cbimation
therapy with sitagliptin , a dipeptidyl peptidasel-inhibitor , and metformin on glycemic control pratients with
type 2 diabetes . Diabetes Care 2007 ; 30 : 19/98+ . 2007.

32. Shirali S, BATHAEI S, Nakhjavani M, Ashoori NEffects of saffron (Crocus Sativus L.) aqueousaetton
serum biochemical factors in streptozotocin-indudiedbetic rats. 2012.

33. Bathaie S, Mokarizade N, Shirali S. An overviefMhe mechanisms of plant ingredients in thettneat of
diabetes mellitus. Journal of Medicinal Plants.2@{44):1-24.

34. Barari A, Fakori Joybari M, Shirali S, Shojakke Khandandel A. Effect of Eight-Week Consumptioh o
Purslane Extract on Peroxidane/Antioxidant Balanc&/omen with Type 2 Diabetes. Medical Laboratooyrhal.
2014;8(2):1-7.

35. Hirst JA, Farmer AJ, Ali R, Roberts NW, Stevéhk Quantifying the effect of metformin treatmantd dose
on glycemic control. Diabetes Care. 2012;35(2):846-

36. Russell-Jones D, Cuddihy RM, Hanefeld M, KurAaiGonzalez JG, Chan M, et al. Efficacy and safaty
exenatide once weekly versus metformin, pioglita&zand sitagliptin used as monotherapy in drugengiatients
with Type 2 diabetes (DURATION-4) a 26-week doublisd study. Diabetes Care. 2012;35(2):252-8.

232



Shour esh Babaali et al Int. J. Pharm. Res. Allied Sci., 2016, 5(2):227-233

37. Signorini A.M., Fondelli C, Renzoni E, Pucceltji Grangnoli G, Giorgi G. Antioxidant effect ofighzide,
glibenclamide and metformin in patients with typdi@betes mellitus, Current Therapeutic Resear€t2;263: 411
—420. 2002.

38. Noyan T, Balahaghu R, Kémirglu U. The oxidant and antioxidant effects of 254oyd/vitamin D3 in liver,
kidney and heart tissues of diabetic rats. Clingral experimental medicine. 2005;5(1):31-6.

39. Ranganath L. Incretins: pathophysiological #merapeutic implications of glucose-dependent instropic
polypeptide and glucagon-like peptide-1. Journallivfical pathology. 2008;61(4):401-9.

40. Green BD, Gault VA, O'Harte FP, Flatt PR. Stally modified analogues of glucagon-like peptid¢GLP-
1) and glucose-dependent insulinotropic polypepti@&) as future antidiabetic agents. Current plaaentical
design. 2004;10(29):3651-62.

41. Todd J, Bloom S. Incretins and other peptidethé treatment of diabetes. Diabetic medicine 7224(3):223-
32.

42. D’Alessio DA, Sandoval DA, Seeley RJ. New waysvhich GLP-1 can regulate glucose homeostasis. Th
Journal of clinical investigation. 2005;115(12):848.

43. Gonzéalez N, Acitores A, Sancho V, Valverde lllaviueva-Pefiacarrillo ML. Effect of GLP-1 on gl
transport and its cell signalling in human myocyfRsgulatory peptides. 2005;126(3):203-11.

44. Vilsbgll T, Holst JJ. Incretins, insulin sedoetand type 2 diabetes mellitus. Diabetologia.£289(3):357-66.
45, Vella A, Rizza RA. Extrapancreatic effects dP@Gnd GLP-1. Hormone and metabolic research= Hororal
Stoffwechselforschung= Hormones et metabolisme3Z8J11-12):830-6.

46. Mclintosh CH. Incretin-based therapies for t¢pliabetes. Canadian Journal of Diabetes. 2008;33P-9.

233



