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Abstract

Combination therapy with a dipeptidyl peptidase—4 inhibitor and metformin or metformin+
glibenclamide results in substantial and additive glucose- lowering effects in Iragis patients with type 2
diabetes mellitus . This study evaluated the glycemic control by using two groups of combinations of
drugs metformin + glibenclamide and metformin + sitagliptin in Baghdad teaching hospital / medical
city. 68 T2DM patients and 34 normal healthy individuals as control group were enrolled in this study
and categorized in to two treatment groups. The group 1 (34 patients ) received ( metformin 500 mg
three times daily + glibenclamide 5 mg twice daily ) and the group 2 (34 patients) received (metformin
500 mg three times daily + sitagliptin 100 mg once daily ). From each patients 5 ml of blood was
obtained by veinpuncture and the serum was separated and used for estimating plasma glucose level
(FPG,PPG) and HbAlc.The mean fasting plasma glucose and postprandial plasma glucose
significantly lower for group 2 patients for 3 and 6 months of treatment (129.02 + 1.96 and 118.4 +
1.33), (159.38 + 4.72 and 123.88 + 2.41 mg / dl) respectively for fasting plasma glucose and
postprandial plasma glucose respectively than in group 1 patients (150.76 + 3.97 and 127.79 +2.52)
,(173.25 + 7.99 respectively and 140.67 + 4.66 mg / dl) for fasting plasma glucose (FPG) and
postprandial plasma glucose (PPG) respectively. The mean HbAlc % significantly lower for group 2
patients for 3 and 6 months of treatment (6.12 = 0.091and 5.83 £ 0.083 ) respectively compared to
group 1 patients (7.1 £ 0 .63 and 6.81 £ 0.12 ). In conclusion , the combination of metformin +
sitagliptin improved fasting plasma glucose , postprandial plasma glucose & HbAlc % in comparison
with metformin + glibenclamide combination.
Ker words : Sitagliptin, Metformin , Glibenclamide ,Type 2 Diabetic Patients.

Ladlal) Ao gaal) Allad La (AaalSESH) + (paa j siiall) Liadlal) de gaal) Ayllad i
AN (ban Gl e (ol pal paly Sl dpd e (GilShd) + (e giiall)
u“u‘ g5 (e g Sl

FEE ) Guaaalle ‘**&M\d.\he.uu ¢ Fpanalll (ulS dada G

Gloall ¢ dlazy ¢ lall Anaac aaledll dlary el *

Gl ¢ 2k ¢ ok Aaala ¢ Alnpeall S0 A el Aspeall § o

Bl ¢ dlar ¢ dlazy daala alall A4S sk
LadAll

Pl Sl A Julis, Al @l A g (umsussxwuw}m\),\(umxswwuw,m\)m)ud\«cw\
g_mbg_q\)u\w;uﬁ\@m\wﬂd\a\mw@uﬁ\m\)ﬂ\am S g il e oSl sl ulias (il je (ia el
5 el Al il Yo VY I a5 Y o)) s e il Ll 55 )5 Aaiiall Cilga) 4881 o ) Ailia) ain el 4880 ey 5 bl
uep)mﬁjua)d\uym(ua;)n 'U\))Lu;\e.: (‘;MA.“‘L‘JSQJLIJLJXASJU.UJEN _\.\454)&5‘ U}Aﬂ\m e;&u)&dlmé;
08t v Gmab lee Cin ) i m e V2 (V) Ao sanalli e sana () (sl @55 o .:\-")‘id‘ caal slasall e (e (Y1)
O e pile © ALSISH + L gy il e EO arle O (e ) sitall ) addiad e gendl 38 o) L (0 AT £ OF 0= Laugidll ) i
a3 Ao ganall 038 () (4,4 £0Y fi=laugidl) A 0988 G abjleel Cangl i pe Vi A Ao sandl (L
a5 pluall Alla 8 aally Sl Al leal) Jad) IS (Lasy pide Ve e Sl Lie gy <l e 36 aile 000 (e sl )
o5V Ao sanall ) A8 Al all Ty (g el A 5 A5 ey Ja gale IS5 JB) A e penall dpuailly slaball 5l (e el
nyy plpeall Al b aally <) A ) daesilly ((Jo\ide Y.E V¥ A £ YVEY 04 FAY ()Y £VVAE5) ATRIYA Y )
5 (Y.OY HIYY.VA FAVEI oL V) mlill culSs Y de geaadl N Al Lol gill ekl S e Giels
oty WS, il g aladall J 55 (e (il dmy g alseaal) Alla 8 aally Sal) i ) il ((Ja\ilof 1T ) £ TV 5V A9 VY YO
\A.Iu.q)@.u“\_tu)‘UJ\J.\M‘L\J\.\“%}M\é‘mﬁk)ﬂad&&td&‘(HbAlc%)uﬂ}hM ALGOIKH A gall Al o) Al yall
TVAY) IV Ao saaall ) Al Ll(£0, AY 5 1 \Y)MLJM;MC_'M\u\San;Yl«;M\L;\MJmSMUJI
Lo e 5 landl Cus e Us sale liad Cangd 38 (€Ul + (e siiall ) e GaaSlall Ge ganal) ) Z U1 oSy (VYT AN
Lad LS ALalSHISH (a0 siiall ae Apadlall de ganall 45 )lia (HDALC) Crosle samt LIS KIKT 4 pall Al XS anlly Sl
i sanal) I il puanty LA L OIS Cum Jaall G U8 (e Slagdail s Aaial) il
D ) (g Sl) (sa pa ¢ LSS ¢y giallc (GuElSUEal) 1 Apalidal) cilaldl)

*Corresponding author E- mail :drkassim_alshamaa@yahoo.com.
Received : 14/5/2012
Accepted : 27/6/2012

69



Iraqi J Pharm Sci, Vol.21(2) 2012

Introduction

Diabetes mellitus is a group of metabolic
disorders characterized by hyperglycemia. It is
associated with abnormalities in carbohydrate,
fat, and protein metabolism and results in
chronic complications including
microvascular, macrovascular, and neuropathic
disorders. Although the prevalence of type 2
DM increases with age,™ the disorder is
increasingly being recognized in adolescence.
Much of the increase in adolescent type 2 DM
is related to an increase in adiposity and
sedentary lifestyle, in addition to an inheritable
predisposition.?. The increase in insulin
resistance with weight gain is directly related
to the amount of visceral adipose tissue.®“The
classical symptoms of diabetes are polyuria
(frequent urination), polydipsia (increased
thirst) and polyphagia (increased
hunger).®HbAlc measurements are the gold
standard for following long-term glycemic
control for the previous 2 to 3 months ©. Until
1995, only two options for pharmacologic
treatment were available for patients with
diabetes; sulfonylurea (for type 2 DM only)
and insulin (for type 1 or 2). Since 1995, a
number of new oral agents, injectables, and
insulins have been introduced in therapy.
Currently, six classes of oral agents are
approved for the treatment of type 2 diabetes:
a-glucosidase inhibitors, biguanides,
meglitinides, peroxisome proliferator-activated
receptor B-agonists (which are also commonly
identified as thiazolidinediones [TZDs] or
glitazones), DPP-1V inhibitors, and
sulfonylurea. It is now known that two
hormones, glucagon-like peptide-1 (GLP-1)
and  glucose-dependent insulin-releasing
peptide (GIP), are responsible for more than
90% of the increased insulin secretion seen in
response to an oral glucose load. In patients
with type 2 diabetes GLP- 1 levels are reduced
whereas GIP levels are increased. Sitagliptin
works to competitively inhibit the enzyme
dipeptidyl peptidase — 4 (DPP-4). This enzyme
breaks down the incretins GLP-1 and
GIP,gastrointestinal hormones released in
response to a meal by preventing GLP-1 and
GIP inactivation, the are able to the increase
secretion of insulin and suppress the release
of glucagons by pancreas”). The aim of this
study is to evaluate effects of combination of
metformin + sitagliptin versus the effects of
combination of metformin + glibenclamide on
fasting plasma glucose, postprandial plasma
glucose and HbAlc percentage in Iraqgis type 2
diabetic patients.
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Subjects and Methods

This study was carried out at Baghdad
teaching hospital / Medical city & the National
Diabetes Center for Treatment and Research at
Al-mustansuriyah University and the private
clinic of consultant physician during the period
of July 2011-March 2012 .The study was
conducted on ( 100 ) Iragi type 2 diabetics
only 68 patients completed the course of study
successfully . These patients were recruited
into the following groups :
Group (1) : Includes 34 patients tested at zero
time and after 3 months and 6 months.The
patients were already treated by metformin
500mg three times daily & glibenclamide 5 mg
twice daily.
Group (2) : Includes 34 patients tested at zero
time and after 3 months and 6 months . The
patients were previously treated by metformin
500mg three times daily and sitagliptin 100 mg
once daily 3-6 months before start the study
and they continue on this regime of treatment .
The age of patients for group ( 1) ranged from
40 — 59 years (52.5 + 0.86 ), of them 20
patients (58.8 %) were male and 14 patients
(41.2 %)were female .The age of patients for
group ( 2 ) ranged from 44 — 59 (52.44 +
0.9),of them 20 patients ( 58.8 % ) were male
and 14 patients ( 41.2 % )were female.
Diagnosis was made by consultant
endocrinologist; for patients as having T2DM
depending on patients history clinical
examination laboratory investigations and vital
signs. For the purpose of comparison ,34
control subjects were enrolled. The age of
control for group (3) ranged from 44 — 59
(52.44 + 0.9),0f them 20 patients (58.8 %)
were male and 14 patients ( 41.2 % )were
female.Patients were excluded from this study
as having the following criteria : CNS disease,
renal  dysfunctions, liver  dysfunction,
pregnancy  with  diabetes ,concomitant
endocrine disease & inflammatory Disease.

Collection of blood sample

From each patients ,5 ml of blood
was obtained by veinpuncture, for fasting and
HbAlc.Another 5 ml was withdrawn for
postprandial plasma glucose. The blood sample
was divided into two aliquots; 2 and 3 ml .The
first aliquots was dispended in tube containing
ethylene diamine tetracetic acid ( EDTA ) (1.5
mg /ml ). This blood was processed in less than
three hours and was used for HbAlc
estimation and other portion ( 3 ml ) was
dispended in a plane tube and left for an hour


http://en.wikipedia.org/wiki/Polyuria
http://en.wikipedia.org/wiki/Polydipsia
http://en.wikipedia.org/wiki/Polyphagia
http://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-11#cite_note-11
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to clot at room temperature then, it was Results

centrifuged at 3000 rpm for 10 minutes to Fasting plasma glucose (FPG)®

collect serum .The serum was separated and The results showed significant

used for estimating plasma glucose level reduction in fasting plasma glucose for both

(FPG ). By using an enzymatic colorimetric groups after 3 and 6 months of treatment as

method with a commercially available kit for compared to 1% reading. However, there is a

determination plasma g|UCOSE level and Bio- signiﬁcant decline for group 2 treated by

Rad VARIANT Hemoglobin Alc for metformin + sitagliptin compared to group 1

determination HbA1c.*" treated by metformin + glibenclamide (table.1
and fig 1).

Table 1: Effect of treatment with metformin 500 mg 3 times daily + glibenclamide 5 mg twice
daily (group 1) versus metformin 500 mg 3 times daily + sitagliptin 100 mg once daily (group 2)
on fasting plasma glucose in patients with T2DM and control normal healthy individuals(group
3)after 1,3 and 6 months of treatment .( n = 34 individuals for each group ).

Dr::gﬁ:'hosn Group 1 mg/dl Group2 mg/dl Group3 mg /dl
1 173.97 +5.372 144.94 + 3.25% 100.11 +1.76
3 150.76 +3.97%° 129.02 + 1.96° 96.02 + 1.29
6 127.79 +2.52% 118.4 + 1.33% 94.50 + 1.24

Values expressed as mean + standard error of mean.

a significant difference (p <0.05) in comparison with control group.
b significant difference (p < 0.05) between reading.

c significant difference (p < 0.05) between group 1 and 2.

Fasting Plasma Glucose ( FPG)

@ Group 3 control
BGroup1 M+ G
OGroup2M+S

Group 3 control

Group1M+G
Groups

Group2M + S FPG 3
FPG 2

Number of reading

Figure 1: Histogram showing effect of treatment with metformin 500 mg 3 times daily +
glibenclamide 5 mg twice daily group 1 versus metformin 500 mg 3 times daily + sitagliptin 100
mg once daily group 2 on FPG in patients with T2DM and group 3 control normal healthy
subjects after 1,3 and 6 months of treatment.( n = 34 individuals for each group) .

Postprandial plasma glucose (PPG)® both groups after 3 and 6 months of treatment

Table 2 shows comparison between as compared to 1% reading . However, there
the effects of two types of treatment ( was a significant decline for group 2 patients
metformin + glibenclamide and metformin + treated by metformin + sitagliptin compared to
sitagliptin ) on postprandial plasma glucose in group 1 treated by metformin + glibenclamide.

patients with T2DM .There were a significant
reductions in postprandial plasma glucose for
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Table 2 : Effect of treatment with metformin 500 mg 3 times daily + glibenclamide 5 mg twice
daily ( group 1) versus metformin 500 mg 3 times daily + sitagliptin 100 mg once daily (group 2)
on postprandial plasma glucose PPG in patients with T2DM and control normal healthy
individuals (group 3) after 1,3 and 6 months of treatment .( n = 34 individuals for each group ).

Duration
months Group 1 mg /dl Group2 mg/dl Group 3 mg /dl
1 203.26+ 12.37a 186.05 + 6.2ac 108.14 +1.34
3 173.25 +7.99ab 159.38 + 4.72abc 104.6 £1.19
6 140.67 + 4.66ab 123.88 + 2.41abc 96.29 +2.41

Values expressed as mean * standard error of mean.

a significant difference (p <0.05) in comparison with control group.
b significant difference (p< 0.05) between reading.

¢ significant difference (p < 0.05) between group 1 and 2.

Postprandial Plasma Glucose( PPG)

250

200

150

mg/ dl

AGroup 3 Control
BGroup 1M+ G
OGroup 2M + S

100

a0

Groups

FPPG 3
FPPG 2
FPPPG1 Number of reading

Group 3 Caontral
Group 1 M + 3

Group2M + 5

Figure 2 : Histogram showing effect of treatment with metformin 500 mg 3 times daily +
glibenclamide 5 mg twice daily (group 1) versus group 2 metformin 500 mg 3 times daily +
sitagliptin 100 mg once daily (group 2) on PPG in patients with T2DM and group 3 control
normal healthy individuals (group 3) after 1,3 and 6 months of treatment.( n = 34 individuals for
each group).

Glycosylated hemoglobin(HbA1c)®" treatment as compared to 1* reading. However,

Table.3 shows comparison between there were a significant decline for group 2
the  effects of two groups of treatment patients treated by metformin + sitagliptin
(metformin + glibenclamide and metformin + compared to group 1 treated by metformin +
sitagliptin) on HbAlc in patients with T2DM. glibenclamide after 3 and 6 months of
There were a significant reductions in HbAlc treatment .

for both groups after 3 and 6 months of
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Table 3 : Effect of treatment with metformin 500 mg 3 times daily + glibenclamide 5 mg twice
daily( group 1) versus group 2 metformin 500 mg 3 times daily + sitagliptin 100 mg once daily
(group 2) on HbAlc in patients with T2DM and control normal healthy individuals group (3)
after 1,3 and 6 months of treatment .( n = 34 individuals for each group )

Duration/ Group 1 Group 2 Group 3
months (%) HbAlc (%) HbAlc (%)HbA1C
1 7.38+£0.14a 6.32 +£0.09ac 5.33+0.83
3 7.10 0 .63a 6.12 + 0.09ac 5.31+0.86
6 6.81+0.12a 5.83 + 0.08abc 5.01+0.04

Values expressed as mean * standard error of mean.
a significant difference (p <0.05) in comparison with control group.
b significant difference (p< 0.05) between reading.
¢ significant different (p < 0.05) between group 1 and 2.
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Figure 3:Histogram showing effect of treatment with metformin 500 mg 3 times daily +
glibenclamide 5 mg twice daily (group 1) versus metformin 500 mg 3 times daily + sitagliptin 100

mg once daily (group 2) on HbAlc (%)

in patients with T2DM and control normal healthy

individuals (group 3) after 1,3 and 6 months of treatment .( n = 34 individuals for each group ) .

Discussion

The epidemic of type 2 diabetes and
the recognition that achieving specific
glycemic goals can substantially reduce
morbidity have made the effective treatment of
hyperglycemia a top priority “**. Intensive
glycemic management resulting in lower A1C
levels has also been shown to have beneficial
effect on cardiovascular disease ( CVD )
complication in type 1 diabetes ™34
however, current studies failed to demonstrate
a beneficial effect of intensive diabetic therapy
on CVD in type 2 diabetes ®'®  The
development of new classes of blood glucose —
lowering medication to supplement the older

therapies, such as lifestyle — directed
interventions, insulin, sulfonylurea, and
metformin, has increased in number of

treatment options available to practitioners and
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patients has heightened uncertainty regarding
the most a appropriate means of treating this
wide spread disease "), GLP-1 and
glucose-dependent insulinotropic polypeptide (
GPl ),the main insulinotropic peptide of
intestinal  origin  (incretins), are rapidly
degraded by dipeptidyl peptidase four ( DPP-4
).DPP-4 is a member of a family of cell
membrane proteins that are expressed in many
tissues , including immune cells ®®. The 1%
oral DPP - 4 inhibitor , sitagliptin was

approved by the Food and Drug
Administration in October 2006 for use as
monotherapy or in  combination  with

metformin or TZDs. Another DPP-4 inhibitor,
vildagliptin, was approved in Europe in
February 2008, and several other compounds
are under development. In clinical trial
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performed to date, DPP-4 inhibitors lower
ALC levels by 0.6 — 0.9 percentage points and
are weight neutral and relatively well tolerated
1929 They don’t cause hypoglycemia when
used as monotherapy.A fixed—dose
combination  pill  with  metformin s
available.Our results regarding plasma glucose
and glycosylated hemoglobin ( HbAlc )
indicate that there was a successful
improvement in plasma glucose levels and
HbAlc after treatment courses of 3 and 6
months with metformin 500 mg three times
daily + glibenclamide 5 mg twice daily and
combination of metformin 500 mg three times
daily + sitagliptin 100 mg once daily as was
shown in tables 1-3; values were improved
significantly after treatment with the above
mentioned drugs. However, this improvement
was not enough to reach that of normal healthy
individual values, in other words, there were
partial improvements observed by these drugs .
Accordingly, and based on the comparison of
the treatment groups with that of control group
that continue for the same treatment period, we
conclude that combination of metformin +
sitagliptin significantly reduced the values of
FPG, PPG and HbAlc after 3 and 6 months
and improve plasma glucose level and HbAlc
percentage compared to combination of
metformin + glibenclamide. This might due to
the additive effect of these two drugs i .e
metformin + sitagliptin .These results were in
agreement with other results that also indicate
effectiveness of additive effect of metformin
and sitagliptin @Y. The incretin hormones play
a major role in glucose homeostasis by
stimulating insulin  secretion, suppressing
glucagons  secretion, inhibiting  gastric
emptying and reducing appetite and food
intake “*?_ Both incretin hormones are
rapidly degraded and removed from circulation
by the enzyme dipeptidyl peptidase—4 (DPP-4)
@527 Therefore, there is considerable interest
in enhancing incretin action for treatment of
type 2 diabetes. Sitagliptin , a selective DPP-4
inhibitor , reduces both fasting and
postprandial plasma glucose presumably by
inhibiting the inactivation of GLP-1 and GIP,
thereby prolonging their duration of action on
pancreatic islets ®*?% Also the complementary
combination  therapy  with  sitagliptin—
metformin lower glucose via enhancement of
insulin secretion, suppression of glucagon
secretion , and insulin sensitization. Use of this
combination in diabetes management will
provide a greater degree of glycosylated
hemoglobin — lowering than that seen with use
of either drug as monotherapy “?. In clinical
trials, the DPP-4 inhibitor, sitagliptin,
improved fasting and postprandial glycaemic
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control and measures of B-cell function in
patients with type 2 diabetes, with minimal
effects on measures of insulin resistance/
sensitivity %%, Metformin has been found to
increase  GLP-1 levels in humans ©2%9,
Sulfonylurea have the advantage of being quite
effective in blood glucose lowering, with an
almost instant onset of the effect after start of
therapy. Drops in HbAlc of 1-2% can be
expected as a mean, with the higher the
baseline HbAlc, the bigger the drop. Additive
effects are seen when Sulfonylurea are
combined with metformin, and the different
mechanisms of action of these two agents —
one stimulating insulin secretion, the other
increasing insulin sensitivity —make them the
obvious couple in the dual disease that is type
2 diabetes ®Y. The success story of this
combination can be seen in many countries
where this combination is the standard
treatment in type2 diabetes. Suggestions that
these drugs ultimately lead to faster beta-cell
failure (an observation already made in the
1970s) have not altered their popularity ©*.
Because Sulfonylurea (SUs) have been used
for so many years, their safety profile and side
effects are well known. They increase insulin
secretion by binding to a receptor on the
surface of the pancreatic beta- cell, resulting in
a glucose-independent insulin release. Their
mechanism of action also implicates that
Sulfonylurea therapy will ultimately fail
because of B-cell failure. The main
disadvantage of Sulfonylurea is the risk of
hypoglycaemia, which rises with advanced
age, poor nutrition, alcohol consumption, liver
or kidney disease and polypharmacy ©® and is
higher than with other oral medications®® This
is a class effect, but differences between
different products have been described ©™*9
‘Another class effect of SUs is that their use
leads to weight gain, typically 1-4kg with
stabilization after about six months. “° Here
again, data are somewhat different between the
products. “**?. SUs have a neutral effect on
lipid profile or blood pressure and all current
SUs — in contrast to the older products, where
worrying reports on cardiovascular mortality
abound — are neutral to the heart. Most SUs are
renally cleared and dose adaptations will be
needed in the case of renal insufficiency.
Therefore, it makes sense to choose SUs as the
next step when metformin is not enough, but
care should be taken in older patients because
of the risk of hypoglycaemia. To justify its
high cost, Sitagliptin should be used to its
maximum potential, started early in the disease
process to maintain and preserve beta cell
function “® and preferably used in
combination with Metformin in order to
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achieve the maximum reduction in HbA1c. “¥
All recent clinical trials hint to the benefit of
the early use of sitagliptin, alone or in
combination, of any antidiabetic medication.
More specifically, GLp-1 or DDP4 inhibitors,
have their maximum effect observed when the
diabetic process is in its early manifestations.
“9) Also our study showed that good patients
educations and instructions given the workers
to the patients are of great value in controlling
the fasting plasma glucose, postprandial
plasma glucose and HbAlc after the 1%
reading.
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