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ABSTRACT

Background: Diabetes mellitus is not only a chronic metabolic disorder but also an inflammatory one. Antidiabetic drugs are 
required to address both these entities to reduce the micro- and macro-complications associated with diabetes. Some of the 
incretin-based drugs have been shown to have decreased inflammatory markers. The studies on inflammatory models are very less. 
Aims and Objectives: The aim of this study is to evaluate anti-inflammatory activities of liraglutide, a glucagon-like peptide-1 
analog, and teneligliptin, a dipeptidyl peptidase-4 inhibitor in experimental acute and subacute models of inflammation and 
also to evaluate their interactions with ibuprofen, a standard non-steroidal anti-inflammatory drugs. Materials and Methods: 
Carrageenan-induced paw edema to assess edema in acute anti-inflammatory action and cotton pellet-induced granuloma 
method to assess granuloma dry weight of liraglutide and teneligliptin in rats. Results: Liraglutide did not show anti-edema 
and anti-granuloma activity but potentiated the anti-granuloma effect of ibuprofen. Teneligliptin showed only anti-granuloma 
effect and potentiated both anti-edema and anti-granuloma activities of ibuprofen. Conclusion: Liraglutide and teneligliptin 
individually have variable anti-inflammatory activities, and they also have variable ibuprofen potentiating action. They have 
potentiated the subacute anti-inflammatory of ibuprofen by their anti-granuloma effect.
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INTRODUCTION

The incidence of diabetes mellitus (DM) is increasing 
alarmingly across the globe. The American Diabetic 
Association is striving hard to reduce the incidence of DM 
and complications associated with it, by constantly reforming 
newer guidelines. With the advancement in science and in 
better understanding the pathogenesis of DM at molecular 
level, we could come to state an opinion that DM is also a 
chronic inflammatory disorder rather than a metabolic one, 
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and it is well documented that the inflammation, oxidative 
stress, and immunity are all interrelated to one another.

Hyperglycemia is known to activate the various metabolic 
pathways[1] including diacylglycerol (DAG)-protein 
Kinase C (PKC) pathway, hexosamine pathway, polyol 
pathway, advanced glycation endproducts (AGE) pathway, and 
many more, which leads to both acute and chronic inflammatory 
cascades, resulting in oxidative stress, depending on the type 
of stimulus, i.e., intermittent or persistent hyperglycemia and 
that explains the pathogenesis of complications associated 
with DM. Various experimental studies have shown that such 
complications could be significantly reduced by inhibiting 
these inflammatory signaling mechanisms.[2-4]

Based on this understanding, a novel antidiabetic drugs not 
only addressing hyperglycemia but also its various associated 
micro- and macro-vascular complications are the need of the 
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hour. Anti-inflammation and its associated process such as 
antioxidation, immunomodulation, anti-atherosclerosis, and 
many more should be the basis of such novel drugs.

Incretins are the superfamily of polypeptides released from 
intestinal cells in response to nutritional ingestion. Glucagon-
like peptide (GLP)-1 and glucose-dependent insulinotropic 
polypeptide (GIP) are the important incretins, whose main 
action is to act on β islet cells of the pancreas to release 
insulin and responsible for about 50-70% of post-prandial 
insulin secretion.[5]

GLP-1 and GIP act on their respective receptors which are G 
protein coupled, linked to AC-cAMP-PKA signaling pathway 
and result in exocytosis of insulin secretory granules.[6] They 
are very much short acting as they are rapidly degraded by an 
enzyme dipeptidyl peptidase (DPP)-4 which exists in various 
cell types including vascular, intestinal, and renal cells,[7] and 
its inhibition by DPP-4 inhibitors prolongs the action of them. 
Wide distribution of DPP-4 receptors explains the possible 
type wide variety of actions of their receptor blockers. Thus, 
DPP-4 inhibitors act beyond glycemic control.

Incretins-based therapy includes incretin mimetics, i.e., 
GLP-1 analogs such as exenatide, lixisenatide, liraglutide, and 
incretin enhancers, i.e., DPP-4 inhibitors such as sitagliptin, 
vildagliptin, and teneligliptin. They are a novel class of 
antidiabetic drugs recently gaining importance as they act 
beyond glycemic control, reducing various inflammatory 
markers, thus the risk of diabetic complications, but yet to be 
proved clinically on a larger scale.

Various animal and clinical studies document that GLP-1 
analogs and DPP-4 inhibitors have reduced various 
inflammatory markers such as endothelin (ET)-1, vascular 
cell adhesion molecule, intracellular adhesion molecule, 
interleukins (IL)-6, tissue necrosis factor (TNF)-α and 
NF ĸβ, and many more.[8] Dipeptidyl peptidase (DDP)-4 
inhibitors additionally inhibit the degradation of multiple 
substrates other than GLP-1, including brain natriuretic 
peptide (BNP), substance-P, neuropeptide-Y (NPY), stromal-
derived factor-1α, and high mobility group proteins B. These 
substrates play an important role in regulating vascular 
inflammatory changes,[9] and incretin-based drugs appear to 
have effects on the occurrence and progression of diabetic 
complications.

The literature survey reveals that the anti-inflammatory 
studies of GLP-1 analogs and DDP-4 inhibitors in various 
acute and subacute inflammatory models are sparse and it is 
much more harder to find their comparative anti-inflammatory 
studies. Hence, an experimental study was planned to explore 
and compare anti-inflammatory activities of some commonly 
prescribed incretin-based drugs, liraglutide, a GLP-1 analog, 
and teneligliptin, a DPP-4 inhibitor.

Aims and Objectives

The aim of this study is as follows:
•	 To evaluate and compare anti-inflammatory activity of 

liraglutide and teneligliptin in acute and subacute models 
of inflammation.

•	 To study the interaction of liraglutide and teneligliptin 
on inflammation with subtherapeutic equivalent anti-
inflammatory dose of ibuprofen.

MATERIALS AND METHODS

Apparently, healthy Wistar albino rats of either sex with 
normal activity and weighing around 250-300 g were 
obtained from the central animal house of the institute. They 
were randomly divided into 5 groups of 6 animals each. 
They were kept in separate cages under standard laboratory 
condition with free access to pellet food and water ad libitum. 
They were acclimatized to the laboratory conditions 1 week 
before starting the experiment.

Drugs ibuprofen, liraglutide, and teneligliptin are obtained 
from pharmaceutical companies as free samples. Ibuprofen 
and teneligliptin were obtained in pure powder form of IP 
grade, whereas liraglutide in injection form.

Clinical doses of these drugs were equivalently converted 
into rat doses using converting table as described by Paget 
and Barns,[10] and they were administered to rats using 
appropriate routes.

Methods

Carrageenan-induced rat paw edema model

This model was used to assess the acute anti-inflammatory 
activity of treatment drugs.[11] After overnight starvation, rats 
were administered appropriate doses of drugs. Ibuprofen 
and teneligliptin in 1% gum acacia suspension given orally 
using nasogastric tube, whereas liraglutide was injected 
subcutaneously using tuberculin syringe in treatment groups. 
Control groups correspondingly received equal volume of 
1% oral acacia suspension and normal saline subcutaneous 
injection.

30 min after drug administration, 0.1 ml of 1 % freshly 
prepared carrageenan suspension in normal saline was injected 
into subplantar region of rat left hind paw. The paw edema 
volume was measured by dipping the hind paw till the level 
of malleolus in the mercury column of plethysmograph. The 
readings were taken at 0 min and repeated at regular intervals 
of 30, 60, 180, and 300 min. The different group readings 
expressed in volume (ml) were averaged, % inhibition of 
edema in various treatment groups was calculated, and 
anti-inflammatory activity was assessed by corresponding 
decrease in paw edema volume in treatment groups.
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Cotton pellet granuloma model

This model[12] was used to assess the sub anti-inflammatory 
activity of treatment drugs. Under injection thiopentone 
sodium anesthesia, overnight starved rats were fixed on rat 

operating table and hair in the axillae were clipped enough 
to implant 2 sterile cotton pellets, through the small incisions 
made subcutaneously on both the sides, aseptically. Wounds 
were sutured after the pellet implantation, and the rats were 
allowed to recover from anesthesia to administer respective 
drug and treatment continued daily for 10 days.

On the 11th day, under injection thiopentone sodium 
anesthesia, the sutures were cut opened to get implanted 
cotton pellets with granulation tissue around. They were 
carefully separated from the surrounding tissue and dried 
overnight at 60°C to find their dry weight, from which initial 
weight was subtracted to get the net granuloma dry weight, 
expressed as mg/100 g body weight. The averaged values 
of treatment group compared with that of control, and the 
decrease in granuloma dry weight indicates subacute anti-
inflammatory activity.

RESULTS

The values observed in all groups were averaged, tabulated, 
and subjected to statistical analysis using ANOVA followed 
by Dunnett’s test. The level of significance was calculated at 
value P ≤ 0.05.

Table 2: Interaction of liraglutide and teneligliptin with ibuprofen on carrageenan paw edema
Drug treatment Increase in paw volume mean±SEM and % inhibition

30 M 60 M 180 M 300 M
Control A
Oral gum acacia

0.08±0.06 1.81±0.04 2.90±0.08 4.41±0.07

Control B
NS injection

0.81±0.04 1.91±0.05 2.87±0.06 4.36±0.06

Ibuprofen 15 mg/kg 
BW+Liraglutide 0.15 mg/kg BW

0.76±0.05
6.17%

1.76±0.04
7.85%

2.64±0.04
8.01%

4.18±0.07
4.11%

Ibuprofen 15 mg/kg 
BW+Teneligliptin 3.6 mg/kg BW

0.72±0.3
10.10%

1.56±0.03*
13.81%

2.21±0.07**
23.70%

3.80±0.07*
13.83%

ANOVA 0.26 6.36 1.17 1.34

N=6 in each group. ANOVA F3,20=3.09 (P=0.05), 4.93 (P=0.01). Dunnett’s test *P≤0.01, **P≤0.01. SEM: Standard error of the mean, 
BW: Body weight

Table 3: Effect of various drugs on cotton pellet 
granuloma dry weight

Drug treatment Granuloma dry weight 
9 mg/100 g BW

Mean±SEM % inhibition
Control A
Oral gum acacia

29.18±2.01

Control B
NS injection

28.91±1.97

Ibuprofen 108 mg/kg BW
Oral

15.17±0.99** 48.21

Liraglutide 0.15 mg/kg BW
Injection

27.11±1.80 6.23

Teneligliptin 3.6 mg/kg BW
Oral

22.76±1.7* 24.13

F value 16.61

N=6 in each group. ANOVA F4,25=2.75 (P=0.05), 4.71 (P=0.01). 
Dunnett’s test **P≤0.01. SEM: Standard error of the mean, 
BW: Body weight

Table 1: Effects of various drugs on carrageenan paw edema
Drug treatment Increase in paw volume mean±SEM and % inhibition

30 M 60 M 180 M 300 M
Control A oral gum acacia 0.08±0.06 1.81±0.04 2.90±0.08 4.41±0.07
Control B NS injection 0.81±0.04 1.91±0.05 2.87±0.06 4.36±0.06
Ibuprofen 108 mg/kg BW
Oral

0.76±0.03
5%

1.36±0.04**
24.79%

2.01±0.04**
30.68%

2.96±0.05**
32.87%

Liraglutide 0.15 mg/kg BW
Injection

0.78±0.04
3.70%

1.90±0.03
0.5%

2.77±0.04
3.48%

4.10±0.04
5.96%

Teneligliptin 3.6 mg/kg BW
Oral

0.77±0.06
3.75%

1.93±0.06
6.62%

2.82±0.03
2.75%

4.26±0.05
3.40%

ANOVA 1.17 6.36 3.71 11.41

N=6 in each group. ANOVA F4,25=2.75 (P=0.05), 4.17(P=0.01). Dunnett’s test *P≤0.05, **P≤0.01. SEM: Standard error of the mean, 
BW: Body weight
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In this acute inflammatory model, the increase in paw 
edema volume was recorded at 30, 60, 180, and 300 min. 
Ibuprofen, a standard non-steroidal anti-inflammatory drugs 
(NSAID) significantly (P 0.01) decreased paw edema with % 
inhibition of 24.79, 30.68, and 32.87, respectively, at 60, 180, 
and 300 min, when compared with control A. Liraglutide 
and teneligliptin both decreased paw edema insignificantly, 
when compared with Control B and Control A, respectively 
Table 1.

Here, the interaction of liraglutide and teneligliptin with 
subtherapeutic anti-inflammatory dose of ibuprofen was 
evaluated Table 2. It was found that only teneligliptin 
significantly ( P 0.05) decreased paw edema volume at 60, 
180, and 300 min with respective % inhibition of 13.81, 23.7, 
and 13.83, respectively. Thus, potentiation of anti-edema effect 
of ibuprofen by teneligliptin in this acute inflammatory model.

In this subacute inflammatory model, ibuprofen decreased 
granuloma dry weight with mean value of 15.17 ± 0.99 (48.21% 
inhibition), when compared to Control A. Teneligliptin also 
decreased granuloma dry weight significantly with mean 
value of 22.76 ± 1.71 (24.13% inhibition) but not to that 
extent of ibuprofen Table 3.

While evaluating the interaction of liraglutide and 
teneligliptin with subtherapeutic anti-inflammatory dose of 
ibuprofen, both of them significantly reduced granuloma 
dry weight with P ≤ 0.05 and respective mean values are 
23.16 ± 1.05 (17.85% inhibition) and 23.16 ± 1.18 (20.63% 
inhibition) and thus potentiation of sub anti-inflammatory 
activity of ibuprofen by both drugs Table 4.

DISCUSSION

As mentioned earlier, the main objective of the study was to 
assess the anti-inflammatory activity of some GLP-1 analogs 

and DPP-4 inhibitors in various inflammatory models. 
Liraglutide, a GLP-1 analog, and teneligliptin, a DPP-4 
inhibitor, were selected by choice. Acute carrageenan-induced 
rat paw edema and cotton pellet-induced granuloma models 
were chosen, as they are simple, basic, and time-tested anti-
inflammatory screening methods. In carrageenan-induced rat 
paw edema model, neither liraglutide nor teneligliptin showed 
significant anti-edema effect, whereas ibuprofen showed by 
inhibiting cyclooxygenase-derived prostaglandins. Edema 
occurs in 2 phases, an early phase involving mainly histamine, 
serotonin, and prostaglandins and a late phase involving 
prostaglandins, lysosomes, and proteases, starts from 2 h, and 
continues up to 5 h.[13] Liraglutide and teneligliptin appeared 
not to inhibit these inflammatory mediators and thus failed 
to show anti-edema effect. This is in very much contrast 
with various other studies, where incretin-based drugs are 
showed to be anti-inflammatory on the basis of reduction in 
the inflammatory markers in different tissues and plasma,[8] 
and anti-edema effect was not assessed in those studies 
as in our present study. In cotton pellet granuloma model, 
assessing subacute anti-inflammatory action of drugs, 
teneligliptin, showed significant anti-granuloma effect by 
decreasing granuloma dry weight, thus appeared to have an 
action on inflammatory mediators of subacute inflammation. 
Teneligliptin, a DPP-4 inhibitor also inhibits degradation of 
many other substrates of DPP-4 enzyme such as BNP, NPY, 
substance-P, and many more which have regulatory action on 
inflammation and probably that explains its anti-granuloma 
effect. Interestingly, when interactions of liraglutide and 
teneligliptin with subtherapeutic anti-inflammatory dose of 
ibuprofen were evaluated, its only teneligliptin significantly 
potentiated the anti-edema and anti-granuloma actions of 
ibuprofen. Liraglutide potentiated only anti-granuloma effect, 
and it neither has anti-edema action of its own nor potentiated 
that of ibuprofen. These variable effects on inflammation 
could be explained on the basis of various pharmacokinetic 
factors such as drug bioavailability, metabolism, concentration 
at site, and pharmacodynamic factors such as drug dose, 
duration, and inflammatory mediators involved.

Many earlier clinical and experimental studies document that 
many GLP-1 analogs and DPP-4 inhibitors have decreased 
various inflammatory markers locally and systemically, 
giving an indirect evidence to their anti-inflammatory 
activities. Sitagliptin[14] and liraglutide inhibited expression 
of pro-inflammatory genes[15,16] in mouse islet cells and 
cytokines expression in cultured human cells.[17] Vildagliptin 
showed a decrease in plasma TNF-α.[18] Studies exhibiting 
direct evidences of cellular events and vascular changes are 
very much lacking in abovementioned studies. In this present 
study, an attempt was made to visualize the direct evidence 
of the anti-edema and anti-granuloma effects in acute and 
subacute inflammatory models.

The present study findings are also different from other recent 
studies, where many DPP-4 inhibitors[19] and GLP analogs[20] 

Table 4: Interaction of liraglutide and teneligliptin with 
ibuprofen on cotton pellet granuloma dry weight

Drug treatment Granuloma dry weight 
mg/100 g BW

Mean±SEM % inhibition
Control A
Oral 1% gum acacia

29.18±2.01

Ibuprofen 15 mg/kg+Teneligliptin 
3.6 mg/kg

23.16±1.18* 20.63

Control: B
NS injection

28.91±1.97

Ibuprofen 15 mg/kg+Liraglutide 
0.15 mg/kg

23.76±1.05* 17.85

F value 1.32

N=6 in each group. ANOVA F3,20=3.09 (P=0.05), 4.93 (P=0.01). 
Dunnett’s test *P≤0.05. SEM: Standard error of the mean, 
BW: Body weight
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have shown a significant anti-edema effect, but teneligliptin 
and liraglutide were not studied there.

These variable effects on inflammation could be explained 
on the basis of various pharmacokinetic factors such as 
drug bioavailability, metabolism, concentration at site, and 
pharmacodynamic factors such as drug dose, duration, and 
inflammatory mediators involved. Our study used drugs 
liraglutide and teneligliptin whose anti-inflammatory studies 
are very much limited and so also their comparison and 
interaction with ibuprofen. Our study was attempted to assess 
the anti-inflammatory activities with respect to edema and 
granuloma only, and other events of inflammation[21] were 
not assessed.

CONCLUSION

Hence, in DM, incretin-based therapy not only decreases 
blood glucose level but may also the progression of diabetes 
and its complications associated, by virtue of their anti-
inflammatory effects. However, further, long-term clinical 
studies are required to strengthen this view to claim clinical 
benefits. These drugs could have potential uses in various 
chronic inflammatory conditions. On the other hand, these 
drugs may increase the side effects of NSAIDS, when 
co-prescribed with, in diabetic patients and much more 
studies are required to look into this aspect.
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