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ABSTRACT

The present study aims to evaluate physicochemical characteristics and the effectiveness of pharmacological effects
of a Glimepiride generic product, compared to its originator Amarel a sulfonylurea used to treat type 2 diabetes
mellitus. Two doses 2 and 4 mg per day were tested on male albino rats diabetics with alloxan. Body weights,
glycemia, HbAlc, lipid profile, total protein, the activity of certain enzymes and some renal parameters were
determined. The results showed that physicochemical characteristics are compliant with standards of the American
Pharmacopeia compared with the used reference substance. However, the biological study revealed a dose
dependent effect of Amarel on body weights, blood glucose and lipid profile of rats during and after the treatment,
which was not obtained with the generic. Total protein and enzymes activities of serum transaminases, amylase and
lipase were almost identical in groups treated with 4 mg of originator and generic. The 2 mg dose has not exerted
the expected therapeutic effect. These results show that the studied generic exhibited | ess efficacy than the originator
despite compliance of physicochemical characteristics. A supply of the generic with the aqueous extract of a local
medicinal plant (Zygophyllum cornutum) was performed where the results of measuring blood glucose before and
after sacrifice of rats were similar to those of healthy controls. No significant difference was recorded for renal
parametersin all treated groups.
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INTRODUCTION

Type 2 diabetes, a chronic widespread diseas@ebthe major challenges of the®@¥entury in terms of health
and development, WHO estimates that diabetes, éeshed critical levels, each year, not less tham foillion
people die of diabetes and about ten million aféegng from other disabilities and life-threategisomplications
[1]. The goal of treatment is to target glycemiatrol by maintaining hemoglobin glycated (HbAlc) dsse to
normal as possible while avoiding hypoglycemia.

Glimepiride, an oral sulfonylurea, indicated foe ttieatment of type 2 diabetes, it acts by stinmgeathe release of
insulin in B cells of the pancreatic islets. This action is ghicose-dependent, it can lead to hypoglycemia.
Stimulation occurs by closing the potassium chanélthep cell membrane, allowing the opening of calcium
channels and the entry of calcium into the celréby stimulating insulin secretion. Glimepiridsalincreases the
number of active glucose transport molecules, #resisivity of extra-pancreatic tissue is then rdigadipocytes,
myocytes) and the speed of action of glucose slowathlly, it decreases the uptake of insulin by tiver by
inhibiting gluconeogenesis [2].

Although the generic of a drug (originator or ongli molecule), are considered by the legislatiom asedication
that has the same qualitative and quantitative cmitipn in active ingredient, the same pharmacalfierm, and
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which the bioequivalence with the branded name ymbds demonstrated by bioavailability studies [Zhe

effectiveness of these drugs is still questioneghbysicians, as well as by patients; however, thedscription is
increasing worldwide [4]. In addition, due to thighhcost of drugs, Algeria, like all developing odries, has opted
for generic drugs, by importing or producing thesags, instead of original medicines protected bjepts in
developed countries [5].

This study aims to verify the antidiabetic effedt & glimepiride generic product, manufactured byaional
pharmaceutical company and marketed in Algeria, smcevaluate its effectiveness in two different els
recommended in glimepiride dosage, 2 and 4 mg @grabmpared to the brand Amarel. This, leads tdica the
supposed effect of generic and to eliminate doubtheir supposed lack of efficacy compared to thgirator [6],
it will permit doctors to prescribe and patientaut® generic drugs instead original drugs with ickemice and avoid
unnecessary costs, which will allow access to tneat for the poorest patients.

EXPERIMENTAL SECTION

Pharmaceuticals
In this study, we used Amarel the branded prodéitihe® molecule glimepiride and one of its gener@nufactured
in a national Algerian company, the two productsenammercially purchased.

Biological material

Wistar albino male rats (180 - 200 g) were purctidsem Pasteur institute of Algiers. They were sated and
divided into groups of 6 rats per cage with acaebsEbitum to water and a standard diet for rats (UAB: Nadlon
unit of animal feed, Bejaia). They were also kepd anaintained under laboratory conditions of terapge and
light (24 + 1°C and 12 h light/dark cycle) respeely and strict hygiene for a few days, for accliiration. The
experiments were performed according to the guidslof the Guide for Care and Use of Laboratorynats [7].

Laboratory quality control testing
The determination of the physicochemical propertieshe two drugs, Amarel and the generic, werdqpered
according to the American Pharmacopoeia (Activeddgent assay, dissolution test and disintegratiog) [8, 9].

Assay: The analysis was performed on Waters e2695 HPIst&syequipped by a binary pump, an UV/Vis Waters
2489 Detector and column (4mm x 12.5 cm, packing The retention time of the major peak in the amatogram

of the Assay preparation corresponds to that in cheomatogram of the Standard preparation, as reddain
the Assay.

Mobile phase consisted of phosphate buffer at pR.bfto 2.7 and acetonitrile at equal volumes. dihgent was a
mixture of acetonitrile and water (9:1). A standaalution of glimepiride reference standard (RSP4t mg/ml
concentration was used as reference. Assay preparéive Tablets were transferred into a suitabtdumetric
flask to prepare a solution of approximately 0.1/migof glimepiride. 10 % of the volume of the flaglas filled
with water. About 70 % of the volume of the fladkagetonitrile was added. The samples were sorddata water
bath for 5 to 10 minutes with occasional shakingetanitrile was added to volume and the samplemiaed and
filtered. 10 pl of standard solution and samplesewnjected separately into the chromatograph d/tnin flow
rate and the eluent was measured at 228 nm. Tleergage of the labeled amount of glimepiride (C24NBO5S)
in the portion of Tablets taken was calculatedhsyformula:100(Cs/ Cy)(Ry / Rs). In whichCs: the concentration,
in mg/ml, of glimepiride in the Standard soluti@;: the concentration of glimepiride in the sample;
andRy andRg are the peak responses for glimepiride of the samptl the Standard solution, respectively.

In vitro dissolution test: The dissolution test was carried out according &PUDissolution Test 1. The tablets were
disposed separately in pH 7.8 phosphate buffer;r@Dfbr 15 min at 37£0.5 °C at 75 rpm, using SOTAX 7
Smart 1022-197 Dissolutest. The standard solutias prepared as recommended in USP monographs t get
solution of 0.75 pg/ml of glimepiride RS. After I6in 10 ml of sample was withdrawn from the dissolut
medium and was centrifuged for 5 min at 2500 rpm.3ml of the supernatant, 7ml of a mixture of matiiaand
water (1:1) was added to get the sample solutitve. Mobile phase was prepared as directed in tlay.as8ul of
standard solution and the sample solution wereiefeseparately in the same conditions of assay.

Disintegration time test: Disintegration were carried out using SOTAX DT5R23-016 disintegration tester using
distilled water as disintegration medium at 37 %22 six tablets were examined.
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Biological Study

We evaluated the antidiabetic effects of the twalicaions, brand and generic glimepiride product,Vistar
albino rats diabetics with alloxan. For the twogbuthe same batches were used in the qualityaantalysis, as
well as in the biological study.

Diabetes induction

The rats were treated by a single intraperitonejgction of 150 mg / kg body weight of alloxan mbgdrate
(Sigma-Aldrich Co., USA) [10]. To ensure the inktdbn of diabetes, we measured blood glucose tsfatier 72
hours of alloxan injection, only rats with fastigtycemia greater than 300 mg/dl were selectedHerréest of the
study [11].

Experimental protocol and animal treatment

Rats were randomly divided into 7 groups of 6 mscaggTable 1): two control groups (healthy and diabetics), 4
subgroups treated with 2 and 4 mg of the two damgsa group treated with 2 mg of the generic supetged by
an aqueous extract of an antidiabetic plant acogrtti the local traditional medicine.

Treatments were administered daily to rats by glsioral dose [12], for 32 days. The rats were tweigand their
fasting blood glucose levels (FBG) were measuréugusn Accu-check glucometer every three days tinout the
treatment period.

Table 1: Experimental design

Groups Characteristics
HC Healthy controls received water under the sameitiond as other groups.
DC Diabetic controls received water under the sameélitions as other groups.

2mg-G  Diabetics treated with 2 mg of the generic drug/ater.

2mg-A  Diabetics treated with 4 mg of the generic drugvter.

4mg-G  Diabetics treated with 2 mg of Amarel in water.

4mg-A  Diabetics treated with 4 mg of Amarel in water.

G+Plt Diabetics treated with a morning dose of 2 mg efgkneric in water and 80 mg/kg b.w. of the aqueatract of the plant.

Biochemical assay

At the end of experiment, overnight fasted ratsenscrificed; blood samples were immediately cttieéén labeled
tubes. After centrifugation, the serum obtained b&l used for assays of serum glucose, total ctestdgTC), total
lipids (TL), triglycerides (TG), low density lipoptein cholesterol (LDLc), high density lipoproteitolesterol
(HDLc) levels, the activity of serum aminotranstaa GOT and GPT, amylase and lipase, and everetiz r
parameters; Glycated Hb was determined in wholedldhe assays were performed according to thelisugp
specifications from the standard Kits. LDLc haveetecalculated using the following formulaDLc = TC —
(HDLc) — (TG/5) [13].

Statistical analysis of results

The results were presented as mean plus or mianslatd deviation (Mean + SEM). The statistical gsial was
performed by one way analysis of variance (ANOV#&lJdwed by Dunnett's or Tukey multiple comparisdests
using MINITAB 16 package. Level of significance w&gnificant when E 0.05; highly significant when £0.01
and very highly significant when£0.001.

RESULTS AND DISCUSSION

Quality control of products
The in vitro analysis of the generic drug and trended product Amarel are presented@able 2.

Despite the compliance with USP standards [8,e&ults obtained from glimepiride assay, disintegnatime and
dissolution test for the generic drug are infetmthose of Amarel.

Table 2: Results of the quality control of the twaylimepiride drugs

Analysis USP limits  Amarel Generic
Glimepiride assay (%) 90,0 - 110,0 109,8 107,0
Disintegration time (min) <15 3 1
Dissolution after 15 min (%) >80 98,4 82,7

USP: United States pharmacopeia.
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Changes in body weights and fasting glycemia befosacrifice
The following figures show the results of measunetm®f body weights and fasting blood glucose leeélanimals
monitored during the whole period of treatment.

Body weights

Mean body weights
280 1 (9) +- Healthy Control
260 - ¢ *— Diabetic Control
240 - 8 [~ AMA—=— ?2mg-Generic
220 - S ud % —+— 4mg-Generic

~ aaa
200 - bbb =— 2mg-Amarel
180 - = Amg-Amarel
160 - aaa = 2mg-Generic+plan

®
140 T T T T T T T T 1
DO D4 D8 D12 D16 D20 D24 D28 D32 Days

Fig.1: Changes in body weights of rats during the tole period of treatment
Vs HC: ®P<0,01,%P<0,001; Vs DC: P <0,01,"P<0,001; 2mg-G Vs4mg-G: ™ P <0,01, P <0,001.

The results obtaine(Fig.1) shows an increase in body weights of the healtmgrots (HC) which is related to the
normal growth of animals as well as a fall in wegylof the diabetic controls (DC) which would bekkd to
metabolic disorders due to diabetes. The lack giflin activates lipolysis in adipose tissue and M@ause weight
loss[14]; moreover, these animals received no treatment.

An increase in weights of the diabetic groups &éatith the two doses of drugs has been observedt temains

lower than that observed in healthy control rat€, AThis would suggest that both generic drug andcaf@inhave
exerted a slight effect on insulin activity of thancreas, resulting a slight lipogenesis, thawadtbthe recovery of
body weights of rats, this weight gain is also tmenormal growth of rats. Studies of the effecigbimepiride on

body weight in diabetic man show that this medarats not associated with weight gain [2, 15].

While the group treated with the mixture, genend alant extract4dygophyllum cornutum), showed a better result
similar to that of healthy controls.

Fasting blood glucose
Measurements of fasting blood glucose performeteértreatment period are showrFigure 2; the healthy control
group shows no change in blood glucose concentiatiaring 32 days of experiment.

However, in the diabetic control group, a very fyghignificant increase in blood glucose levels vedserved
(29,74%) during this period, which would be linked to thgtatoxic effect of alloxan on the pancreatic begdisc
[16, 17], the lack of treatment of animals [18].

Diabetic groups, treated with 4 mg per day of gierend originator drugs show lower blood glucosesle 0f57,52

% and60,53 %respectively, this reduction is higher than thatamed by the dose 2 mg per d&,20 % for the
generic andb4,66 % for Amarel). This reduction of the antidiabetidest of the generic could be related to its
active ingredient content which is lower to thattud originator (Table 2) or its excipient, diffatdrom that of the
original, which could influence the release ratehef principle active [19]The combination of the generic, at a rate
of 2 mg per day, with the aqueous extracZgfiophyllum cornutum Coss, at a dose of 80 mg/kg, resulted in a
significant decrease in blood glucose levels coegpap the other used treatments and very highlpifgignt
compared to diabetic controls, T2,67%).
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Fig.2: Changes in fasting glycemia of rats duringtte treatment perioc
VsHC: ®2P <0,001; VsDC: “**P <0,001.

Biochemical parameters after sacrific
Results of generic glimepirideffects compared to Amarebn some biochemical parame;, after sacrifice, (blood
glucose, lipid profiles, enzymestivities and renal parameters) are prese¢in Figures 3, 4, 5, andTables 3, 4

Glycemia and HbA1;

Glycemia HbAlc
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Fig.3: Evaluation of glycemia(A) and HbA1c levels (B)of rats after sacrifice
VsHC: ®P <0,001; Vs DC: “*P <0,001; 2 mg-A Vs4 mg-A: ®8P <0,001; 4 mg-G Vs 4 mg-A: P <0,001.

The results obtained after 32 deof treatment(Fig.3 A) show a high level of blood glucose in diab controls
compared to healthy ones, which could be the resulliabetes[18]. In contrast, treatment with glimepirit
exhibiteda decrease in blood glucolevels in all treated groups [20]; thisduction remais relatively elevated
compared to the healthy control grc We noted a dosdependent effect of Amaj; indeed a very highly
significant difference wasbserved between fasting glyce! in rats treated with 2 m,76 gl) compared to those
treated with 4 md1,56 g/l).Whereas, for thtwo doses of generieve noticed no significa difference between the
glucose levelsZ,01 g/lfor the 2 mg dose an2,08 g/lfor the 4 mg dose)Only the mixture drug-plant extract
revealed an hypoglycemic efft higher than that obtaid in treated groups by both drugs; glucose l¢ observed
in this group are similar to thosé HC. This result was also obtained with glyceédore sacrifice

The follow-up of HbAZL in diabetics reflects the glycemia stability ovegigen period (three months in huma
allows to evaluate the effectiveness of treatmantsis even used for predicting of dyslipidemi&sis the huma
diabetes [21]. HbAdlevels obsered in treate groups are in the range ®62t0 6,28% and are in accordanegth
decreases in fasting glucose levels before anr sacrifice of animalgFig.3 B) showin¢ also efficacy of these
treatments. However, HbAllevels ar very elevated in untreated diabetics DC ihgwery highly significan
differencescompared to healthy conts and treated groups; this increasessociated high concentrations of
blood glucose in this group [22Animals treated with all doses the generic othe branded drug revea no
significant differencedetween their glycated Hlevels, but these valuesmre slightly higher than the HC ou.

314



Cherifa Henchiri et al J. Chem. Pharm. Res,, 2013, 5(5):310-318

Supplementation of the generic by the plant extss&ms to have the most potent effect on bloodogki@nc
HbA1clevels. This result is similar to those found blieatauthor{23, 24} which have shown that the combinat
of a low dose of certain antiiabetic agentcombined with a dose of herbal extractaild asure a good glycemic
control.

Lipid profile

Table 3: Results of lipidic parameters assessment

Gs)irss';“aers TG (gll) LT(@l)  CT(gl) LDLc(g) HDLc (g/)
HC 149+0,14 191+0,25 1,22+0,09 0,81+0,16,36+0,2!
DC aaa aaa aaa a aa
3,97+0,30 8,43+058 2,36+0,37 1,41+0,62 0,90+0,1
2mg-G aaa AAA aaa AAA aa A a Ab
232+0,27 4,11+047 168+x046 126+0,47 1,27+0,3
2mg-A aaAAAcc aaa AAA AAA ABB
186+0,23 4,16+0,63 142+041 0,92+054 1,33+0,3
4mg-G aaa AAAb aaa AAA aa AAA AAA CC
1,98+0,21 435+0,24 1,46+0,21 0,82+031 1,61+0,1
4mg-A aa AAA aaa AAA AAA A aaa AAA
1,76 +0,15 452+0,79 1,42+0,35 0,73+0,33 1,95+0,1
G+PIt AAA aaa AAA AAA aa AA

1,52+0,08 4,47+0,09 1,40+0,20 0,87+0,25 1,83+0,1.
VSHC: 2P <0,05, @ P <0,01, *P <0,001; Vs DC: P < 0,05, ** P < 0,01, **P < 0,001,
2mg-G Vs 4mg-G : °P < 0,05; 2mg-P Vs 4mg-P: 58P <0,01; 2mg-G Vs 2mg-P: P <0,01; 4mg-P Vs 4mg-P: “°P <0,01.

According to the results, there was a vhighly significant increase in the concentratiol TG in the DC group
compared to HqTable 3), which is linked to the insul-deficiency responsible for lipolysis in adipctissue [18].
In all treated groups, the rate of TG is reducedjcating a hypolipemic effect of Glimepiric[25]. We also
observed a concentration of TG in the group treatiéld the mixture of the gene- plant extract similar to that
healthy control one, thigsult has been obtained previously with glucosetidl..

Very high levels of total cholesterol (TC), LDLcdhiotal lipids (TL) in diabetic control rats (DC)ene obtainec
compared to healthy controls. In contrast, all tedagroups have lower ratthan DC group, with very highl
significant differences.

The measurement of HDLcevealed dower serum level in the DC grogmmpared to HC, with highly significa
difference.This concentration in the groureated with 2 mg of Amarel (2mg-A) igwlar to that of healthy contre
one. Compared to healthy and diabcontrols, 4mg-A and G+plt groups exhibiteigh levels of HDIc, with very
highly significant differencesThese results are in agreement with those reghdoy Araki et a. [26]; studying the
effect of Glimepiride on increasing rates of Hc.

Total proteins

Total proteins

(g/di)
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¢C & L L o x &
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Fig. 4: Evaluation of total proteins in rats at the end otthe experimen
Vs HC: %2 P< 0,001; Vs DC: “*P<0,001; 2mg-G Vs 4mg-G: P <0,01; 2mg-A Vs 4mg-A: 8P < 0,001.

The results presented ftigure 4 indicate a rate of total serum proteins in untréatiabetic rats lower than that
healthy controls, with a very highisignificant difference. This could be due to a lasghe urite (proteinuria)

315



Cherifa Henchiri et al J. Chem. Pharm. Res,, 2013, 5(5):310-318

related to a long lasting hyperglycei [27], to the toxic action of alloxan on the kidne[28] or the result of
increased protein cabolism associated wiinsulin deficiency [29].

Total proteins of treated groupsth 4 mg of bottdrugs are similar to each othartlhemain lower than those of I,
whereas proteins of the group tre: by mixing drug-extract are similéo those of the H.

Enzymatic activities
* Serum aminotransferases
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Fig. 5: Evaluation of serum transaminases GO1(A) and GPT (B) in rats after the treatment period
#3p<(),001; Vs DC: P < 0,01, AP <0,001; 2mg-G Vs4mg-G : ® P < 0,01, ™ P < 0,001; 2mg-G Vs 2mg-A : P < 0,05; 4mg-G Vs
4mg-A: ©P <0,05, “°P <0,01.

VsSHC:

A very highly significant increase in the activiby serum aminotransferases in diabetic control wats observe
compared to healthy controls. The high enzymattvig of GOT and GPT can be explained by the hefmadic
effect of alloxan [28, 30]. Ircontrast, treatment of diabetic rats Amarel and its gener revealed decreased
activities of these two enzymes, with very highynéficant differences compared to L(Fig.5).

Theseactivities were higher in the grougeated by 2 mg of the genedompared to the group treated with 4 1
with a highly significant differenc (P<0.01). While, both doses of Amarel sted no significant differenc. The
treatment resulted in a reduction in the activifytttese two enzymes and refore, exerted a prective effect
against liver damageaused by alloxa the best effect was obtained with the 4 dose of Amarel and the
combination of the generic witheplant extract.

» Serum amylase and lipase activil

Amylase Lipase
200(YL) — 250(UL) ;
600 | (A ; L g B 2
500 - ( ) aaa aac 200 - ( ) o AA A AMC - AAA
400 - a aa 150 1 AsA
300 - AaA bb BB 100 -
200 -
100 - 50 1
0 0 - G
roups
¢ L L o oy G & &L L oo
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Fig.6: Evaluation of serum amylase(A) and lipase (B)activities after sacrifice of rats after treatmen
VsHC: 2P<0,05, P <0,01,%*P <0,01; VsDC: *P <0,05, “*P < 0,01, “*P <0,001; 2mg-G Vs 4mg-G: P <0,01; 2mg-A Vs 4mg-A: 8P <
0,01.

The determination of amylase and serum lipase allitn diagnsis of pancreatic dama [31]. In diabetic controls,
we noticeda very highly significant increase of serum amylasd lipas activities compared to the healthy cont
group, suggesting an alteration of the pancreasethhy alloxar[32]. The 4 mg dose of both generic seven the
combination of the generigith the plant extract caused very highlgnificant decreases in the activof amylase
(Fig.6 A), compared to diabetic contrc (p < 0.001). Reduced activities of serum amylase wése abserved il
diabetic groups tread with 2 mg of the two medicame compared to D@roup but remained elevated comps
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to healthy controls (g 0.001 Vs HC). The lipase activity, in all treaig@ups was lower than that of DC; only the
groups treated with 4 mg of both drugs and the umétgeneric-plant showed decreases with highlyifsignt
differences for the generic and very highly sigrafit for Amarel and the mixture, compared to (5.6 B).

Renal parameters

Chronic hyperglycemia and dyslipidemia are assediavith metabolic disorders in humans and animdth w
diabeteq32], which causes oxidative stress, resulting hégels of ROS [33]. Oxidative environments can eaus
damage in hepatic and renal cells and tissues [Bijh levels of urea and creatinine (indicators rehal
dysfunction) observed in untreatdabetic ratgTable 4) would resulted in from the action of ROS and thect
effect of alloxan on thkidneys [28].

Table 4: Evaluation of renal serum parameters in rés

Parameters  Uric acid Urea -
Groups (mg/dl) (/) Creatinine (mmol/l)
o AA AAA AAA
258+044 066+008  63,64+1534
DC aaa
3374042 1,34+036 111,68 +13,99
S A AA NS
9 284+021 078+018 90,88 + 28,84
oA A AA AA
9 280+037 070+019 7503+ 17,12
NS AA aa
4mg-G 3054040 080+013 97,56 + 14,26
NS AAA A
4mg-A 209+038 074+007  87,16+21,23
G+PIt A

2,71+£057 0,67+0,08 73,54 £ 14,10
VsHC: ®P <0,01, ¥ P <0,001; VsDC: *P <0,05, " P<0,01, P <0,001; ™ Not Significant.

The treatment was effective in improving these paoameters. No significant differences were obskbetween
the different treatments for the three renal patersestudied.

CONCLUSION

This study aimed to evaluate the pharmaceuticalityuaf a generic glimepiride, an oral antidiabetgent,

compared to the originator product Amarel, andenfy its effects, according to two selected dasasely 2 and 4
mg per day, in rats with alloxan diabetes. Destlite compliance of their physicochemical charadiesswith

American standards, the results of the biologitadis revealed: a recovery of body weights in regated with the
mixture generic - plant, followed by groups treateth 4 mg of Amarel and the generic respectiva@lyese results
are in accord with those obtained for glycemia idesl following different treatmeni$ig.2). After sacrifice, the
most important decreases of fasting glycemia andlidevels were obtained with the combination “g#splant

extract”, and with doses 4 and 2 mg of Amarel. ther lipid profile, Amarel was more effective thdretgeneric;
and the mixture still shows a beneficial effecttbase parameters. Total proteins and also enzyraetiities of

serum transaminases, amylase and lipase were iegbiovgroups treated with 4 mg of both drugs amdntiixture.

The different treatments exerted similar effectssenum urea, creatinine and uric acid. No toxiedf were
observed in rats treated with the two drugs, Amarel its generic product, at doses of 2 and 4 mglag during
the period of treatment. The analyzed generic glinge exhibits lower therapeutic potency compatedthe

originator drug Amarel, which requires dose adjusttrfor treatments. According to this study, isigygested to
manufacturers to carry out studies on their finisgeneric products, in order to adjust the recontadrdoses to
avoid overdosing or under dosing which could begdaous for patients.
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