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ABSTRACT

Background: Substantial amount of evidence supports neurotrophic and neuroprotective potential of GLP-1 and GLP-1R stimulation
in an increasing array of cellular and animal neurodegeneration models as well as in neurogenesis. In addition, the potential of GLP-
1 receptors in animal models of painl5 and DPP-4 in degradation of substance P and its influence on pain pathway is described.
Intrigued with these reports, present study was conducted to compare the anxiolytic effect between different DPP-4 inhibitors in rats.

Materials & Methods: 60 rats were used in this study. They were divided into 2 set comprising five groups of six animals each. The
drugs (control gum Accacia, sitagliptin, vildagliptin, teneligliptin and linagliptin) were administered orally, once daily, for ten days. The
tests were carried out 45 minutes after the last dose of the drugs on the 10t day. Two models were used in this study to assess
anxiety in rats: Elevated plus maze (EPM) & Bright and Dark Arena. One-way ANOVA was used to determine statistical significance of
difference between groups of rats given different DPP-4 inhibitors.

Results: Significant difference was noted with respect to time spent in open arm with linagliptin having maximum anxiolytic effect as
compared to control group (p<0.0001). Similar to findings of elevated plus maze test, linagliptin had maximum anxiolytic activity with
time spent in bright arena (29.67 + 3.06 seconds) as compared to control group (11.50 + 1.82 seconds) while rats of teneligliptin group
demonstrated maximum activity with respect to number of rears (22.00 + 1.29) as compared to control group (14.67 + 1.01).

Conclusion: Linagliptin and teneligliptin demonstrated more anxiolytic effect as compared to other DPP-4 inhibitors. They can be

preferred in patients with type 2 diabetes and anxiety after generating enough evidence from clinical trials.

Keywords: Anxiety, DPP-4 inhibitors, Elevated plus maze, Bright-dark arena, Albino Rat.

INTRODUCTION

new therapeutic strategy for type 2 diabetes

mellitus (T2DM) has been made possible by the

manipulation of the incretin systems. Glucagonlike
peptide (GLP)-1, an incretin hormone exhibits diverse
actions including insulinotropic effects, neogenesis,
differentiation and anti-apoptotic preservation of
pancreatic B-cells. 2 GLP-1 acts through GLP-1 receptors
(R). In individuals with type 2 diabetes, activation of GLP-
1R increases the proliferation of pancreatic islet beta-cells,
increases insulin production, and reduces blood glucose
and food consumption.

Endogenous GLP-1 has a half-life of a few minutes as it is
broken down by endopeptidase enzymes such as
dipeptidyl peptidase 4 (DPP-4).3 Because of its short half-
life, it is therefore inappropriate for regular clinical use. To
achieve or sustain high levels of GLP-1, medications with a
significantly longer half-life are created. These medications
either work as GLP-1 receptor agonists by stimulating GLP-
1 receptors or as endogenous GLP-1 pool restorers by
preventing its DPP-4 induced breakdown. % There is
mounting evidence that the brain 4 also produces GLP-1,

specifically from the caudal brain stem, area postrema, and
nucleus of the solitary tract 5. It functions as a growth
factor in the brain.*® GLP-1 has been shown to enhance
neurite outgrowth and to protect against oxidative injury
in cultured neuronal cells. 7 Furthermore, GLP-1R is
extensively distributed throughout the central nervous
system and is crucial in controlling neuronal plasticity and
the survival of cells. Mice with elevated hippocampal GLP-
1R overexpression exhibited enhanced neurite formation
and enhanced learning. ®

Substantial amount of evidence supports neurotrophic and
neuroprotective potential of GLP-1 and GLP-1R stimulation
in an increasing array of cellular and animal
neurodegeneration models as well as in neurogenesis. % 1°
Hence, in recent years, research involving GLP-1 and its
receptors has shifted from T2DM to focus upon various
neurodegenerative disorders.!" 12 Activation of incretin
pathway has been shown to stimulate neuronal cell
proliferation and prevented cell death.'®Inhibition of GLP-
1 degradation with the DPP-4 inhibitor is also associated
with neuroprotection in the diabetic rat, independent of
any changes in glycaemia. 4
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In recent studies, anxiety is also characterized by enhanced
neurodegeneration and hence GLP-1 could have a role in
anxiety. In addition, the potential of GLP-1 receptors in
animal models of pain and DPP-4 in degradation of
substance P and its influence on pain pathway is described.
15,16 However, the neurobehavioral effects of DPP-4
inhibitors are not clear.

Various studies have been conducted on anxiolytic effect
of DPP-4 inhibitors in animal models but no study has
compared anxiolytic effect between DPP-4 inhibitors in our
knowledge. Comparative study is needed to find the drug
which is safest in terms of anxiolytic effect so that better
DPP-4 inhibitor will be prescribed to patient of diabetes
mellitus with anxiety disorders.

Intrigued with these reports, present study was conducted
to compare the anxiolytic effect between different DPP-4
inhibitorsin rats. The objectives were to compare the
efficacy with respect to findings from elevated plus maze
& bright and dark arena test between group of rats given
teneligliptin, vildagliptin, linagliptin, sitagliptin and normal
saline.

MATERIALS AND METHODS
Animals:

An average body weight (150-250 g), male Wistar albino
rats have been reared individually in polypropylene cages
at 23-25°C with 12 hours light: 12 hours dark cycle with
access to standard food pellets and water ad libitum for 15
days. Before the experiment began, all of the experimental
animals were given a period of 15 days to acclimate. The
ethical clearance for the proposed study was obtained
from the IAEC of tertiary care hospital & medical college of
eastern India.

Drug:

The test drug in tablet form was obtained commercially
and were dissolved in distilled water using gum acacia and
administered orally. The drug solutions were made right
before the dosage was given.

Experimental Design:

60 rats were used in this study. They were divided into 2
set comprising five groups of six animals each. For 10 days,
the medications were taken orally, once a day. The test
drugs were administered in doses based on a previous
study.'”'8The test was carried out 45 minutes after the last
dose of the drugs on the 10™ day.

Table 1: Drug treatment schedule

Group Drug Dose No. of animals = Route of drug administration
Group1l Control (1% Gum Accacia) 10ml/kg 6 Oral-once daily for 10 days
Group 2 Sitagliptin 10 mg/kg*® 6 Oral-once daily for 10 days
Group 3 Vildagliptin 10 mg/kg?° 6 Oral-once daily for 10 days
Group 4 Teneligliptin 4 mg/kg® 6 Oral-once daily for 10 days
Group 5 Linagliptin 5 mg/kg? 6 Oral-once daily for 10 days

Two models were used in this study to assess anxiety in rats:
Elevated plus maze (EPM) & Bright and Dark Arena.

Elevated plus maze (EPM): The apparatus has two open
arms (50x10 cm) and two closed arms (50x10x40 cm) with
an open roof, around a central square (10x10 cm), such that
arms of the similar kind are opposite to each other. The
whole maze is elevated 50 centimeters above the floor. The
drugs were administered for ten days to four groups of rats.
On the 10% day, 45 minutes after drug administration, each
rat were placed in the central square of the maze facing one
of the closed arms. The number of entries, time spent and
the number of rears in each type of arm (open/closed) were
recorded for 5 min. An entry was defined as the presence
of all four paws in the arm.?> 24

wo oy

Bright and Dark Arena: The apparatus consists of open top
wooden box with two distinct chambers viz, black chamber
(20 x 30 x 35 cm) painted black and illuminated with
dimmed red light and a bright chamber (30 x 30 x 35 cm)
painted white and brightly illuminated with 100-watt white
light source, located 17cm above the box. The two

Figure 1: Standard elevated plus maze (EPM) apparatus.
Rats traversed an elevated plus maze with two enclosed and
two open arms. Conflict to explore open arms versus
remaining in safe enclosed spaces captures anxiety-related
behaviors.??
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chambers are connected with a small open-door way
(7.5cm) situated at the floor levels in the center of partition.

The test uses the rodent’s natural aversion of bright area as
compared to dark area. For the rodents which normally
dwell in dark and enclosed environment, exposure to bright
lit arena is believed to be a noxious environmental stressor.
The reduced number of re-entries to bright arena,
decreased time spent in bright arena and decreased
exploratory behavior in it are regarded as a marker of
anxiety in this paradigm. The apparatus in each model were
wiped with 10% ethanol after the test with each rat to
eliminate possible bias due to odor of previous animal.?*

Statistical Analysis

Observed values were noted in a sheet of paper at the time
of experiment and then represented in the tabular form
using Microsoft excel 365 and then transferred to graph pad
version 8.4.3 for further statistical analysis. Continuous data
such as time spent, entry and rearing were expressed as
mean * standard error of mean (SEM) and one-way ANOVA
was used to determine statistical significance of difference

between groups of rats given different DPP-4 inhibitors. We
also performed the Tukey HSD ("Honestly Significant
Difference") post-hoc test, to indicate which DPP-4
inhibitors were significantly different from which others.
Chi-square test was used to evaluate statistical significance
of categorical data such as arm of first entry in elevated plus
maze test. A p-value of less than 0.05 was taken as measure
of significance.

RESULTS

All the rats completed the study with no serious adverse
event or death. No abnormal behaviors were noted during
the study period.

No significant difference was found between DPP-4
inhibitors and control with respect to percentage of open
arm rotation (P>0.05). However, significant difference was
noted with respect to time spent in open arm with
linagliptin having maximum anxiolytic effect as compared
to control group (p<0.0001). However, rats receiving
teneligliptin were having a greater number of rears. [Table
2]

Table 2: Effect of various DPP-4 inhibitors on the behavior of rats in the elevated plus-maze test

Parameters Control Group Sitagliptin Vildagliptin ~ Teneligliptin Linagliptin P-Value (ANOVA)
(Mean % SEM) (1% Gum Accacia) Group Group Group Group
% of open arm 30.83£6.13 35.17 ¢ 38.67£4.78 36.83+£6.08 40.00 £5.68 0.80
/total arm 5.15
ration
Time spent in 19.83+3.81 5133+ 59.83 £ 8.29 54.67 £9.03 63.33+7.52 0.005
Open Arm in 9.42 Group 1 vs Group 5:
seconds Diff=43.5000, 95%CI=10.7928
to 76.2072, p=0.0052
Time Spent in 268.00 + 8.87 237.83 ¢ 219.33 ¢ 224.50 + 216.83 0.08
Closed Arm in 15.64 14.67 14.98 13.14
Seconds
Number of 1.50 £ 0.66 2.50£0.93 2.83+0.75 3.00£0.87 2.83+1.01 0.73
Rears in Open
Arm
Number of 8.83+1.19 1133 + 12.00 £ 0.97 13.83+1.16 12.17+0.83 0.04
Rears in Closed 1.12 Group 1 vs Group 4:
Arm Diff=5.0000, 95%Cl=0.5532 to
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Figure 1: Comparison of open arm/closed arm rotation elevated plus maze between different Groups

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

37


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., ISSN: 0976 — 044X, 84(7) — July 2024; Article No. 05, Pages: 35-40

DOI: 10.47583/ijpsrr.2024.v84i07.005

Similar to findings of elevated plus maze test, linagliptin had maximum anxiolytic activity with time spent in bright arena
(29.67 + 3.06 seconds) as compared to control group (11.50 + 1.82 seconds) while rats of teneligliptin group demonstrated
maximum activity with respect to number of rears (22.00 + 1.29) as compared to control group (14.67 + 1.01). [Table 3]

Table 3: Effect of various DPP-4 inhibitors on the behavior of rats in the bright and dark arena test

Parameters Control Group (1%  Sitagliptin Vildagliptin Teneligliptin Linagliptin P-Value (ANOVA)
(Mean  SEM) Gum Accacia) Group Group Group Group
Number of 2.17+£0.18 233+ 2.67 £0.25 2.83+0.31 3.00£0.29 0.22
entries into 0.33
Bright Arena
Time spent in 11.50+1.82 25.17 27.50 +2.97 26.83 +3.16 29.67 £ 3.06 0.001
Bright Arena in 3.24 Group 1 vs Group 5:
seconds Diff (95%Cl) =6.1352 to
30.2048, p=0.0014
Number of Rears 1.17+£0.29 1.83 ¢ 2.17+0.71 2.67£0.76 2.33+0.48 0.45
in Bright Arena 0.56
Number of Rears 14.67 +£1.01 18.17 + 21.83+1.31 24.17 £1.52 22.00+1.29 0.0003
in Dark Arena 1.49 Group 1 vs Group 4:
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Figure 2: Comparison of number of rears in dark arena between two groups

DISCUSSION

In this study, we have compared the anxiolytic effect of
commonly utilized DPP-4 inhibitors between various groups
via elevated plus maze and bright and dark arena test. No
significant difference was found between DPP-4 inhibitors
and control with respect to percentage of open arm
rotation (P>0.05). However, significant difference was
noted with respect to time spent in open arm with
linagliptin having maximum anxiolytic effect as compared
to control group (p<0.0001). However, rats receiving
teneligliptin were having a greater number of rears.

Similar to findings of elevated plus maze test, linagliptin had
maximum anxiolytic activity with time spent in bright arena
(29.67 + 3.06 seconds) as compared to control group (11.50
+ 1.82 seconds) while rats of teneligliptin group
demonstrated maximum activity with respect to number of

rears (22.00 * 1.29) as compared to control group (14.67 +
1.01).

In the study conducted by Sharma A.N. et al., In the
elevated plus maze (EPM) test in rats, sitagliptin exhibited
anxiolytic effect, according to a dose-response study. After
consuming a meal high in ethanol for seven days, tolerance
to the anxiolytic action of ethanol was seen. Rats given a
daily dose of sitagliptin showed resistance to the anxiolytic
effect of ethanol, however, with tolerance becoming
apparent on day 13 after the start of ethanol consumption.
When rats were taken off of an ethanol diet after 15 days
of consumption, they experienced withdrawal symptoms 8
to 12 hours after stopping the diet. On the other hand, rats
on a 15-day ethanol-diet and concurrent sitagliptin therapy
showed a 24-hour delay in the onset of withdrawal
anxiety.”®
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In the study conducted by Mahalmani VM et al., compared
to the control group, sitagliptin demonstrated a decrease in
depression symptoms and hippocampus cytokine gene
expression. With sitagliptin, there was a statistically
significant decrease in nitric oxide levels in relation to
serum oxidative stress indicators. The glutathione levels
increased, and the catalase levels decreased in both the
standard and test groups, but the differences in outcomes
were not statistically significant.®

A transmembrane glycoprotein that is widely distributed
and whose soluble form is found in plasma, CD26/DPP-4 is
crucial for the immune system, especially for T cell
activation.?’” DPP-4 is a type of serine protease that cleaves
amino-terminal dipeptides containing either L-proline or L-
alanine at the penultimate position. It also regulates the
bioactivity of a number of chemokines, peptide hormones,
and neuropeptides, such as substance P, glucagon-like
peptide 1 (GLP-1), and NPY, primarily by encouraging a
faster degradation of these molecules.?® °

While NPY-truncation by DPP-4 to NPY3-36 is thought to
have an anxiogenic effect due to the greater binding affinity
of NPY3-36 to the receptor Y2 and diminished Y1-receptor
stimulation, the anxiety-reducing properties of NPY have
been shown to be mainly caused by the interaction of
complete NPY with Yl-receptors.3® According to recent
research on animals, DPP-4 regulates the activity of the
hypothalamic-pituitary-adrenal (HPA) axis and the response
to stress.3 32 Different psychiatric diseases have been
linked to changes in soluble DPP-4 levels.3* 34

Our study findings clearly support the findings of above in-
vitro studies. These concepts should be considered in
development of new DPP-4 inhibitors with additional
pleotropic activities.

CONCLUSION

Linagliptin and teneligliptin demonstrated more anxiolytic
effect as compared to other DPP-4 inhibitors. Very few in-
vivo and clinical trial have been conducted that has
evaluated and compared anxiolytic effect of different DPP-
4 inhibitors. The evidence generated in this study should
persuade researchers to conduct further researches to
generate more evidence for endocrinologists to select
appropriate DPP-4 inhibitor in patients with type 2 diabetes
mellitus and anxiety disorders.
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