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Abstract: Liraglutide exert favorable effects on most of the diabetes associated cardiovascular (CV) risk factors and this
study was designed to further explore the benefits of liraglutide by observing its effect on plasma sialic acid (PSA) in
diabetic rats. A total of 30 streptozotocin induced (50mg/Kg; i. p) diabetic rats were randomized into vehicle treated (1
ml/Kg s.c, twice daily) group I, liraglutide treated groups II and IIT (30pg/Kg and 150pg/Kg, twice daily respectively)
and studied for 6 weeks. Liraglutide treated groups showed significant reductions in fructosamine levels (p<0.05) from
baseline. Between groups comparison revealed significant difference (p<0.05) at the end point. Similarly, at week 6,
liraglutide treated groups showed significantly low levels of PSA compared to baseline (p<0.03 and p<0.005 for group II
and III respectively) and control group I (p<0.002 and p<0.001 for group II and III respectively). However, the
difference was non-significant between groups II and III (p<0.09). Other parameters including glucose tolerance, fasting
plasma glucose (FPG), blood lipids, systolic blood pressure (SBP) and body weight also improved by liraglutide with the
group III showing greater improvement. The study concludes that liraglutide produce favourable effects on PSA and may

bea useful choice in protecting against diabetes associated CV complications.
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INTRODUCTION

Achieving normoglycemia is the main target of diabetes
treatment and is a measure of efficacy of hypoglycemic
agents in one way but, the cluster of cardiovascular (CV)
risk factors associated with diabetes also needs effective
management. The use of combination therapy has greatly
resolved the problem of glycemic control for a longer
time period and some of these hypoglycaemic agents are
also claimed to be antiatherogenic (UKPDS-33, 1998;
Kahn et al., 2006). However, the occurrence of CV
complications is still on the rise among diabetics and the
number is increasing day by day (Lloyd-Jones et al.,
2009). A newer hypoglycaemic agent, liraglutide is
claimed to reduce blood glucose level and ameliorates
most of the diabetes associated CV risk factors. It is
glucagon-like peptide-1 (GLP-1) analogue and reduces
HbA1-c, fasting plasma glucose (FPG), body weight and
systolic blood pressure (SBP) more effectively than
glimepiride monotherapy (Garber et al., 2009 and 2011).
The evidence of the antiatherogenic properties of
liraglutide diverted our attention to determine its effect on
plasma PSA, which is a possible CV risk factor in
diabetics and general population. The term sialic acid
(SA) is used as a group name for derivatives ofneuraminic
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acid that occur mainly as part of terminal components of
oligosaccharide chain present in glycoproteins and
glycolipids. Increased levels of SA have been observed in
various inflammatory disorders, malignancies as well as
CV disease and diabetes (Dogan et al., 1992; Sillanaukee
et al., 1999; Lindberg et al., 1992). In patients with
established type 2 diabetes, a direct relationship between
diabetic complications and high SA has been reported
previously (Sillanaukee et al., 1999).

With the compelling evidence that liraglutide has more
favourable effects on blood glucose and other CV risk
factors in diabetic patients, the present study was carried
out to observe the changes in PSA levels in
experimentally induced diabetic rats treated with
liraglutide.

MATERIALS AND METHODS

Animals

A total of 30 male albino rats (Animal house of National
Institute of Health, Islamabad, Pakistan) aged 6-8 weeks
and weighing 180-220g at baseline were randomized into
three groups with ten rats in each group. They were fed on
standard rat diet and water ad libitum. The rats were
housed at a temperature of 25+2°C with a schedule of 12h
light and 12h dark cycle, allowed acclimatizing for one
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week before carrying out any experimental work.
Gandhara University Ethical Committee approved the
research protocol of the present study before carrying out
any experimental work.

Induction of experimental diabetes

The animals were fasted overnight and diabetes was
induced by injecting streptozotocin (50mg/Kg; i p),
freshly prepared in citrate buffer (3Mm) at pH 4.5
(Gajdosik et al., 1999). After a week, rats with stabilised
diabetes having FPG values of >200mg/dl were
considered diabetic and were included in the study. On
day8 of streptozotocin injection, the treatment was started
and noted as the day 1%of treatment.

Study design

Animals were randomized into 3 groups with the each
group consisting of 10 rats. Group I received vehicle (1
ml/Kg s.c) twice daily and served as control. Group II was
treated with liraglutide (30pg/Kg s.c) twice daily and
group III was treated with liraglutide (150pg/Kg s.c)
twice daily. The animals were dosed at 0815-0900 and
1500-1515h. Due to shorter half-life in rats, liraglutide
was administered two times a day.

Sample collection

Blood for the determination of whole blood glucose
concentration was collected intoheparinized glass tubes
by puncture of the capillary vessels in the tail tip. For
FPG and PSA determination, samples were centrifuged at
4°C for 10 minutes and plasma was separated and stored
at -20°C until used. Part of the blood was collected in
plain vials and allowed to clot for separation of serum,
used for the estimation of fructosamine and lipid profile.

Biochemical/enzymatic estimation of different
parameters

Sialic acid was determined by using a method proposed
by Shamberger (1984). In brief, 0.5ml of serum was
diluted with equal volume of distilled water and mixed
well. Then the Ehrlich’ s reagent (0.2ml) was added and
the solution vortexed. After some time, white precipitate
appeared and the tubes were then incubated in a water
bath for 8 hours at 56°C with gentle agitation at 1, 3, 5
and 7 hours. After about 6 hours of incubation, the
contents of the tube started turning blue. 3ml of normal
saline was added to each tube and centrifuged at 2500
rpm for 15 minutes. The supernatant was then placed in a
cuvette and read in a spectrophotometer at 525nm.

Oral glucose tolerance tests (OGTT) were performed in
overnight fasted animals. Glucose solution (1g/Kg) was
administered by gavage. Drug or vehicle was
administered at regular time points and samples for the
measurements of different parameters were drawn
immediately prior to glucose load and at intervals
thereafter. Fructosamine, FPG and blood lipids were

analysed enzymatically by kits according to
manufacturer’s specification. Fructosamine, PSA, FPG
and SBP were measured at baseline and then after every
two weeks for 6 weeks. OGTTs were performed on days
21 and 41. Blood lipids and body weight were measured
at baseline and at the end of the study.

STATISTICAL ANALYSIS

Results are expressed as means +SD for 10 animals in
each group. Differences of mean reduction in
fructosamine, PSA, OGTT, FPG, SBP, blood lipids and
body weight between groups were compared by
ANNOVA. Differences with p<0.05 were considered to
be statistically significant.
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Fig. 1: Changes in PSA levels over time
RESULTS

Compared to base line, there were significant reductions
(»<0.05) in fructosamine levels in liraglutide treated
group II (30ug/Kg) and group III (150pg/Kg) at week 6.
Differences were seen even at the 2" week of treatment
and continued till the end of the study period. At week 6,
between groups comparison revealed significantly low
levels (p<0.05) of fructosamine in liraglutide treated
groups than the vehicle treated group (tablel). PSA also
showed a trend towards decreased levels in liraglutide
treated groups. The temporal pattern of these reductions
were however different among the groups. In-group 11, the
level decreased from 80.6+8.5mg/dl to 76.1+£6.3mg/dl
(»p<0.47) between week 0-2-, further decreased to
65.9£8.1mg/dl (p<0.05) between week 3-4 and finally
reached to 63.8+7.4mg/dl (p<0.03) between week 5-6. In
group III, the level dropped from 78.9+9.4mg/dl to
66.0£7.1mg/dl (p<0.01) between week 0-2, further
decreased to 61.3+£6.9 mg/dl (p<0.005) between week 3-4
and then remained almost stable (61.2+6.4mg/dl,
p<0.005) between week 5-6. Comparison of PSA levels of
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group II and group III at week 6 was not significantly
different (p<0.09). However, when liraglutide treated
groups were compared to vehicle treated control group at
week 6, statistically significant differences (p<0.002 and
p<0.001 for group II and group III respectively) were
observed (fig. 1).
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OGTTs were performed at days 21 (A) and 41 (B) of liraglutide
treatment. Overnight fasted rats received glucose (1g/Kg) at
time 0 and blood glucose was measured basally and after the
glucose challenge.

A. ANNOVA revealed significant difference between the groups
(»<0.005)

B. ANNOVA revealed significant difference between the groups
(»<0.001)

Fig. 2: Oral glucose tolerance test (OGTT)
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Fig. 3: Changes in blood lipids
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Fig. 2A & B shows the 1* and 2" OGTT carried out on
days 14 and day 27 of treatment respectively. Glucose
excursions were significantly reduced both in group II and
group III compared to group I (p<0.005 and p<0.001
respectively). Liraglutide treatment was also associated
with significant reductions (p<0.05) in FPG levels.
Compared to base line, statistically significant decreases
were observed starting from the 2™ week of treatment till
the end point with the group III showing greater reduction
than the group II (table 1).
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Fig. 4: Changes in body weight

The changes occurred in blood lipid levels by liraglutide
were -2.4 and -4.8 mg/dl in total cholesterol (p<0.08 and
p<0.01 respectively), -3.1 and -3.5 mg/dl in low density
lipoprotein cholesterol (p<0.03 and p<0.0lrespectively),
+2.7 and +3.4 mg/dl in high density lipoprotein
cholesterol (p<0.01 and p<0.004 respectively) and —2.5
and -4.5 mg/dl in triglyceride (p<0.05 and p<0.01
respectively) in group II and group III respectively (fig.
3). Furthermore, liraglutide produced significant
improvement ((p<0.05) in systolic blood pressure (SBP)
both at low and high doses however, the decrease in body
weight was significant (p<0.05) only in group III (tablel,
fig. 4).

DISCUSSION
The demand for hypoglycemic agents with
complementary mechanisms of actions capable of

addressing and/or modulating multiple CV risk factors
associated with diabetes is due to the fact that diabetes
itself is a CV disease (Scott et al., 1999). Different
treatment strategies are continuously being employed in
order to reduce and /or in part delay the incidence of CV
complications in diabetes, but unfortunately no one has
achieved such a high success rate to be declared as an
ideal treatment. Even with the optimal management of
blood glucose, deaths due to CV complications are still on
the rise among diabetics (Nathan et al., 2005). Therefore,
more attention is needed to be focused on the effect of
hypoglycaemic agents on other possible CV risk factors
such as sialic acid, which is believed to play a role in the
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Table 1: Effect of liraglutide on fructosamine, FPG and SBP of diabetic rats

Fructosamine (1 mol/L) Baseline Wk. 2 Wk. 4 Wk. 6
Group | 311.4+18.2 323.1+13.5 315.8420.6 326.7£118.2*
Group II 318.0+£14.3 298.1+10.2* 291.0+8.8* 288.9+10.1*"
Group III 307.9+13.5 292.548.1* 286.0+13.7* 283.4+9.9*"
FPG (mM/L)

Group I 12.9+14 13.5£1.8 13.7+£1.2* 14.1£1.3*
Group II 12.5£1.1 10.3+£0.9* 9+1.3* 7.1£1.2%"
Group 11T 12.2£1.9 9.6+1.1* 7.6+1.5* 6.5£1.5%"
SBP (mmHg)

Group I 128.7+4.2 131.8+4.6 130+6.9 132.8+5.5
Group I 130+4.3 129.6+2.8 129.543.1 129.242.9°
Group 111 128.543.1 127.9+4.3 126.6+3.9* 126.1+2.8*"

Data are mean £SD of 10 rats in each group
FPG= Fasting Plasma Glucose; SBP= Systolic blood pressure

Group I=vehicle treated; Group II=liraglutide (30png/Kg); Group III= liraglutide (150pg/Kg)
Wk. Week; FPG= Fasting Plasma Glucose; SBP= Systolic Blood Pressure

*Significant compared to base line (<0.05)
*Significant compared to vehicle treated group at Wk 6(<0.05)

pathogenesis of diabetic complications (Lindberg et al.,
1991; Knuiman et al., 2004).

Results of the present study indicate that liraglutide PSA
lowering properties along with exerting hypoglycemic
effect. A significant decline in PSA indicates that
liraglutide may bring about specific changes in metabolic
processes that could be associated with regression of
diabetic complications. Earlier, we have shown that some
of the hypoglycemic agents ameliorate PSA level in
diabetics to a variable extent probably by manipulating
the aggressive hexosamine pathway and this is in
agreement with the results of the present study (Rahman
et al., 2010). However, the previous studies were
conducted for a longer time period (1-3 years) and a
significant difference in PSA levels were observed only at
the end points. A more rapid decrease by liraglutide may
be the result of its beneficial effects beyond glycemic
control. It has been shown previously that liraglutide
treatment is associated with a reduction in the levels of
certain acute phase proteins that function as CV
biomarkers and are associated with higher risk of CVD
(Courreges et al., 2008). Elevated levels of acute phase
proteins in diabetes contribute to high PSA, which in turn
reflects the existence or the activity of ongoing
atherosclerotic process. At a larger dose (150pg/Kg),
liraglutide showed still greater reduction in PSA
throughout the study period and the level remained almost
stable between weeks 4 to 6. We do not have a solid
reason for this but it may be possible that there is no
further decrease in diabetics. Moreover, liraglutide
treatment was associated with improvement in blood
lipids, body weight and systolic blood pressure and these
results are well supported by previous findings (Vilsboll
et al., 2012; Plutzky et al., 2009). A positive association

between sialic acid (SA) and blood lipids has been found
previously (Wakabayashi et al., 1992). There are reports
of high SA levels in type 2 diabetic patients treated with
oral hypoglycemic agents than on diet control only
(Crook et al, 1993). However, all of the patients
receiving oral agents had retinopathy in which sialic acid
levels were found to be elevated. A significant decrease in
SA levels has also been observed in growth hormone
deficient adults, after three months growth hormone
replacement therapy (Christ et al., 1999). Similarly,
changes in SA in Dalton’s lymphoma bearing mice after
cyclophosphamide and cisplatin treatment indicate that
SA levels are affected by drug treatment (Nico and
Prasad, 2002) and these observations well support the
findings of the present study.

CONCLUSION
Our findings provide another evidence of the
antiatherogenic effects of liraglutide by exerting

ameliorative effect on PSA in diabetes mellitus. We
conclude that liraglutide may be helpful in protecting
and/or at least delaying the atherosclerotic process in
diabetics.
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