Pravara Med Rev; September 2024, 16 (03), 82 - 89
DOI: 10.36848/PMR/2024/11000.90111
Original article
Screening of Azithromycin for its anti-inflammatory potential in

experimental Wistar rats
Mahesh M. Bharambel, Vandana M. Thorat!*, Somnath M. Matule?

1P.G. Student, Department of Pharmacology, Krishna Institute of Medical Sciences, Karad, India, 415539
1* Professor, Department of Pharmacology, Krishna Institute of Medical Sciences, Karad, India, 415539
2 Associate Professor, Department of Pharmacology, Ashwini Rural Medical College & Research Centre, Solapur,
India, 413006
*Corresponding author : Dr. Vandana M. Thorat

On

Abstract

Aim & Objectives: To evaluate the effect of azithromycin on acute as well as sub-acute model of inflammation in
experimental Wistar rats.

Materials and Methods: The study was conducted after animal ethics committee approval. Animals were divided into
three groups each for acute as well as sub-acute model of inflammation. Control group received 1% gum acacia
suspension (4ml/kg) while test groups received aspirin (200mg/kg) and azithromycin (20mg/kg). Acute model of
inflammation consisting of carrageenan induced rat paw edema method and sub-acute model consisting of foreign body
induced granuloma method were used to investigate anti-inflammatory activity of azithromycin.

Results: The present study clearly show significant anti-inflammatory activity of azithromycin (p < 0.05) in acute model
of inflammation when compared to control and its activity was comparable to aspirin at Shour interval (p > 0.05). In
sub-acute model of inflammation, azithromycin showed significant anti-inflammatory activity (p < 0.05) as compared to
control and it was comparable to aspirin (p > 0.05).

Conclusion: Azithromycin have significant anti-inflammatory potential in animal models of acute and sub-acute

inflammation.
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Introduction

Inflammation is the response of the immune system
to deleterious stimuli, such as pathogens, injured
cells, noxious compounds, or irradiation. The acute
inflammatory response is mediated by three main
vascular components like vasodilation, increase in
vascular permeability, and migration of leukocytes
to the injured tissues. Chronic inflammation may
follow uncontrolled acute inflammation comprising
of fibroblasts proliferation, mono nuclear cells
infiltration and increased connective tissue
contributing to diverse chronic inflammatory
diseases. The inflammatory response acts by
commencing the healing process and abolishing
deleterious stimuli'.

Therapy of inflammation is a matter of
debate and is also insufficient since long. Multiple
treatment modalities are available for the treatment
of different inflammatory conditions consisting
three major groups likely Corticosteroids, NSAIDs
& DMARD:s. These drugs yielded good results till
now but they have got potential to produce serious
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adverse effects, sometimes even life-threatening
events have resulted in widespread limitation of
their use”.

Some dipeptidyl peptidase 4 inhibitors®,
Angiotensin receptor blocker telmisartan®’, some
adrenergic agonists® calcium channel blockers’ and
sulfonamides® have also been reported to possess
anti-inflammatory activity in experimental studies.
As these drugs are not completely devoid of
adverse effects” there is a need to search for safer
and better anti-inflammatory agents.

Azithromycin is a broad-spectrum
macrolide antibiotic having bacteriostatic activity
against many Gram-positive and Gram-negative
bacteria including namely Hemophilus influenzae,
Legionella ~ pneumophilia, = Chlamydia  and
Mycobacteria. Azithromycin has better
pharmacokinetic profile of good tolerability,
greater  bioavailability and once a day
administration’ which is compatible with patient’s
compliance. Azithromycin not only possess
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antimicrobial activity but also modify many
components of the immune response'’.

According to a conclusion of 2005 Cochrane
review, there is lack of sufficient evidence for the
use of azithromycin and other macrolides in
chronic asthma and hence additional studies are
required in the same area in order to explore their
anti-inflammatory potential''.

Amongst the current perspectives to treat
inflammation, azithromycin not only decreases
infection but appears to be beneficial in decreasing
the inflammation'”. However, the mechanisms
responsible for these actions are still unclear. There
is a paucity of published literature regarding animal
studies done to evaluate the anti-inflammatory
activity of azithromycin, hence in the present study
we planned to assess the anti-inflammatory activity
of azithromycin in acute as well as sub-acute
models of inflammation in Wistar rats.

Materials:

Experimental animals

Wistar rats of either sex weighing 200-250 grams
were procured from the Central Animal House of
the institution. The animals were housed under
standard conditions and accommodated to 12h
light/dark cycle for 10 days prior to
experimentation day. They had free access to
standard rat chow pellet and water ad libitum under
strict hygienic conditions. The present study was
approved by the IAEC (Institutional Animal Ethics
Committee). CPCSEA (Committee for the Purpose
of Control and Supervision on Experiments on
Animals) guidelines were strictly followed
throughout the study

Drugs

Azithromycin was obtained in pure powder form
Century Pharmaceuticals Ltd, Vadodara. Injection
Ketamine (10ml wvial of 50mg/ml) (Troikaa
Pharmaceuticals Ltd), Aspirin (Reckitt Benckiser
India Ltd), carrageenan and gum acacia powder
were obtained from Central Pharmacy of KIMS,
Karad

a. Azithromycin: 100 mg pure powder form was
added in 10 ml of 1% gum acacia. Gum acacia was
used as a suspending agent as azithromycin was
poorly soluble in sterile water
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b. Aspirin: The standard solution of aspirin was
prepared by dissolving 325 mg of the dispersible
tablet in 5 ml of sterile water.

c. Carrageenan was prepared as suspension (1% in
0.9% normal saline)".

Groups
The animals were divided into 3 groups. Each
group consisted of 6 animals for acute as well as
sub-acute model of inflammation. Total Wistar rats
utilised for the study = 36.

Group Treatment Dose Route

I Gum Acacia 4ml/kg Oral

II Aspirin 200mg/kg Oral
14

I Azithromycin | 20mg/kg ™ | Oral

Methods:

1. Model of acute inflammation

It was done by Carrageenan induced rat paw
edema':

Mercury plethysmograph was used to evaluate anti-
inflammatory activity by carrageenan induced rat
paw edema model. A red ink mark was put on one
paw of each animal at the level of lateral malleolus
to enable uniform dipping at subsequent readings.
One hour prior to the induction of edema, all the
drugs were administered by oral gavage feeding
needles to the respective groups. The paw edema
was induced by injecting 0.05 ml of freshly
prepared 1% suspension of carrageenan in normal
saline intradermally into the plantar region of one
of the hind paws of the rats. By mercury
plethysmograph, the paw edema volume was
measured in ml as the displacement of mercury at
zero hour i.e., immediately after injecting
carrageenan and the same procedure was repeated
at 1, 2, 3, 4 and 5 hours. The actual edema volume
was calculated by noting the difference between 0
hour and subsequent reading. The rise in mean paw
edema is considered as a measure of inflammation
and hence the potential to control this rise in edema
as compared to the control group implies anti-
inflammatory activity.

The percentage inhibition of edema for control and test groups was calculated by using the formula,

Mean edema in control - mean edema in drug treated group X 100

Mean edema in control.
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2. Sub-acute model of inflammation

It was carried out by foreign Body Induced
Granuloma Method ':

All the drugs were administered to respective
groups by oral gavage feeding needles on the first
day of experiment. The rats were then anesthetized
by ketamine (50mg/kg i.p)'®. Under all aseptic
precautions after clipping the hair over axillae, a
small incision was given in bilateral axillae of the
rats and after that two cotton pellets (sterilized by
autoclaving at 120°C) weighing 10 mg each were
implanted subcutaneously. Wounds were then
sutured and animals were kept in clean cages
individually after recovery from anaesthesia. On
Day 1 of pellet implantation, the treatment was
started and it was repeated once a day for the next
ten days. The rats were sacrificed on eleventh day
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with an overdose of ketamine anaesthesia to
remove the cotton pellets. After removing the
extraneous tissue from the cotton pellets, the pellets
were dried overnight at 60°C in hot air oven to note
their dry weight. We calculated the net granuloma
by recording the difference in the weight of the
pellets which was recorded before and after the
implantation. The mean dry weight of granuloma
for study groups was calculated and expressed as
mg/100 g of body weight of rat. The mean dry
granuloma weight is taken as a measure of
inflammation and thus the ability to decrease this
mean dry granuloma weight when compared with
control group implies anti-inflammatory activity.
The percentage inhibition of mean dry weight of
granuloma for control and test groups was
calculated using the formula,

Mean dry weight of granuloma in control group - Mean dry weight of granuloma in drug treated X 100

Mean dry weight of granuloma in the control group

Statistical analysis:

The data analysis was carried out by one way
ANOVA followed by post hoc Dunnett’s test.
Bonferroni’s test was done to compare
azithromycin and aspirin group. All the statistical
methods were carried out through the software
Graph pad Instat version 3.06 and p < 0.05 was
considered statistically significant.

Results:

Acute inflammation (Carrageenan induced paw
edema method):

The mean paw edema volumes measured using
plethysmograph in ‘ml’ as mercury displacement
for control, aspirin and azithromycin groups are
shown in (Table 1 and Graph 1).

Aspirin  (200mg/kg) as well as azithromycin
(20mg/kg)  showed  statistically  significant
inhibition of paw edema volume as compared to
control group (p < 0.05). Further anti-inflammatory
activity of Azithromycin was compared with anti-
inflammatory activity of aspirin. It was found that
anti-inflammatory effect of Azithromycin was
comparable to aspirin at Shr (p > 0.05) (Table 1).
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Percentage inhibition of paw edema of aspirin and
azithromycin are mentioned in (Table land Graph
2).

There is no significant inhibition of paw edema
with any of the study drugs at 1hr interval.
Sub-acute inflammation (Foreign body induced
granuloma method):

The mean dry weight of ten-day old granuloma,
expressed as (mg/100 g) body weight of rat as well
as percentage inhibition of mean dry granuloma
weight in control, aspirin and azithromycin groups
are shown in (Table 2, Graph 3 and Graph 4)
Azithromycin treated group exhibited statistically
significant decrease in granuloma dry weight (p <
0.05) when compared to control. Further mean
granuloma dry weight of Azithromycin was
compared with mean granuloma dry weight of
aspirin group. There was no statistically significant
difference in mean granuloma dry weight of
Azithromycin group when compared to mean
granuloma dry weight of aspirin group (p > 0.05).
It shows that the anti-inflammatory activity of
Azithromycin was comparable to aspirin in sub-
acute model of inflammation (Table 2).
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Time after | Control Aspirin Azithromycin ANOVA
carrageena | (4ml/kg) (200mg/kg) (20mg/kg)
n injection Paw edema | Paw edema in | Percentage | Paw edema in ml | Percentage
in ml | ml (£SD) inhibition | (&SD) inhibition | F value p Value
(#SD) (%) (%)
1 hr 0.416+0.204 | 0.291+0.102 30.95 0.375+0.136 11.90 1.029 0.3811
2 hr 0.958+0.245 | 0.250+0.273 * | 73.95 0.583+0.129%, # 39.58 14.863 0.0003
3hr 1.208+0.245 | 0.083+0.129 * | 93.33 0.416+0.129%, # 65.83 64.111 <0.0001
4 hr 1.083+0.129 | 0.041+0.102 * 96.29 0.291+0.102%, # 73.14 141.94 <0.0001
Shr 0.916+0.129 | 0.041+0.102 * 95.65 0.166+0.129* 82.60 92.143 <0.0001

Table 1: Effect of Control, Aspirin and Azithromycin treatments on carrageenan induced paw edema
Post hoc analysis: - by Dunnett’s Test: *p < 0.05; by Bonferroni’s test: #p <0.05

Graph 1: Effect of various treatments on carrageenan induced paw edema volume
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Graph 2: Percentage inhibition of carrageenan induced paw edema at different time interval
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Table 2: Effect of Control, Aspirin and Azithromycin treatments on granuloma dry weight

® ASPIRIN

Pravara Med Rev; September 2024, 16 (03), 82 - 89
DOI: 10.36848/PMR/2024/11000.90111

Time after carrageenan injection

®AZITHROMYCIN

= = 5 H§ NN
1hr 2hr 3hr 4hr Shr

Mean granuloma dry weight | Percentage
S. Drug Treatment mg/100g body weight | inhibition
No (Mean £ SD) (%)
1. CONTROL 10.86 + 1.555 _
2. ASPIRIN 5.60 + 1.436* 48.43
(200mg/kg)
3. AZITHROMYCIN 7.96 +2.884 * 26.70
(20mg/kg)

ANOVA: F=9.744, p=0.0019
Post hoc analysis: - by Dunnett’s Test: *p < 0.05; by Bonferroni’s test: p > 0.05

Graph 3: Effect of aspirin and azithromycin on mean granuloma dry weight compared to control
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Graph 4: Percentage inhibition of granuloma dry weight
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Discussion

Acute inflammation (Carrageenan induced paw
edema method):

Carrageenan-induced hind paw edema comprises of
biphasic response in which the first phase response
is related to the release of serotonin, histamine and
kinins, whereas the second phase response is
related to prostaglandins and slow reacting
substances release'’. We estimated the mean paw
volume in acute inflammatory model. The
reduction in mean paw volume after inflammation
induction was considered as anti-inflammatory
activity. In this model, it was found that
azithromycin (20mg/kg) has significant anti-
inflammatory activity in acute model of
inflammation when compared to control group. The
anti-inflammatory activity of azithromycin was
comparable at 5 hours when compared to aspirin
(200mg/kg). This indicates that azithromycin might
have delayed anti-inflammatory effect beyond 5
hours. The most plausible mechanisms of
azithromycin in acute model of inflammation could
be due to the inhibition of synthesis of histamine,
serotonin prostaglandins, and other inflammatory
mediators'>"*2°

There is no significant inhibition of paw edema
with any of the study drugs at lhr interval. This
might be either due to inadequate progression of
inflammation at 1 hr or due to delayed onset of
action of study drugs or by both the mechanisms.
According to Winter et al.'®, after injecting the
phlogistic agent into the hind paw of rat, paw
edema reaches a peak in 3-5hrs and then the same
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degree of edema is retained for few hours. This
might explain that sufficient inflammation was not
produced at lhr after injecting carrageenan and
hence the activity of azithromycin was comparable
to aspirin at lhr. As the inflammation progressed
from 2nd hour, the individual drugs effects were
also seen in the form of suppression of the edema
till the 5th hour.
Sub-acute inflammation (Foreign body induced
granuloma):
Foreign body induced granuloma model comprises
of response phases of transudative phase, exudative
phase and proliferative phase. The increase in dry
weight of the granuloma is the measure of
proliferative phase’’. We evaluated mean dry
granuloma weight. Reduction in mean dry
granuloma weight was considered as anti-
inflammatory action. In this model, it was found
that azithromycin (20mg/kg) caused significant
decrease in granuloma dry weight when compared
to control and also its anti-inflammatory effect was
comparable with aspirin (200mg/kg). Significant
anti-inflammatory activity of azithromycin in sub-
acute model of inflammation could be due to
promotion of apoptosis of neutrophils or inhibition
of fibroblast proliferation'*?.
Observations of the present study are in agreement
with Gosavi et al.'” and Scaglione et al.” stating
that azithromycin have anti-inflammatory activity
using various animal models of inflammation.
According to Gosavi et al."’, they didn’t get any
significant anti-inflammatory activity in cotton
pellet induced granuloma model whereas we found
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azithromycin to be effective in decreasing the mean
granuloma dry weight. In view of results obtained
from our study, we propose that azithromycin have
anti-inflammatory activity. Moreover, it has better
pharmacokinetic profile making it a potential new
anti-inflammatory  drug  for  inflammatory
conditions associated with acute infections. As this
is an animal study and animal data cannot be
directly hypothesized on humans, well planned
human studies are required further to support these
findings in order to disclose the role of
azithromycin in inflammation and in the treatment
of asthma, COPD, bronchiolitis, bronchiectasis and
osteomyelitis.

A recent study performed in WT Mice proposed
that azithromycin therapy reduces cardiac
inflammation post myocardial infarction by
downregulating the pro-inflammatory cytokines
and upregulating the anti-inflammatory cytokines,
reduces neutrophil counts after cardiac ischemia
through enhancing apoptosis and improves cardiac
recovery by  mitigating adverse cardiac
remodeling®.

Conclusion

From the findings of the present experimental
study, we conclude that Azithromycin has
significant anti-inflammatory activity as compared
to control and modest anti-inflammatory activity in
animal model of acute inflammation as compared
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to aspirin. Azithromycin has significant and modest
anti-inflammatory activity in sub-acute model of
inflammation as compared to control and aspirin
respectively. The present study predicts that the use
of azithromycin either as monotherapy or along
with the conventional medications may have an
added benefit of anti-inflammatory activity in
various inflammatory disorders. However, we
suggest that azithromycin should not be given in
chronic inflammatory conditions as long term use
in chronic conditions will lead to development of
resistance but it will be beneficial to treat acute
infections developed in chronic inflammatory
conditions. Hence, we suggest that azithromycin
along with its anti-infective, immunomodulatory
and additional anti-inflammatory property might be
more suitable for patients in diseased conditions
where there is infection associated with
inflammation like COPD, asthma, chronic sinusitis,
bronchiolitis, bronchiectasis, cystic fibrosis and
osteomyelitis.
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