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Azithromycin dihydrate is a semi-synthetic macrolide antibiotic belonging to the azalide
subclass and is widely used in the treatment of various microbial infections due to its
broad-spectrum antimicrobial activity and favorable pharmacokinetic profile. The
present review focuses on the pharmacological activity, mechanism of action,
pharmacokinetic and pharmacodynamic properties, therapeutic applications, safety
profile, toxicity, adverse drug reactions, and antimicrobial resistance associated with
azithromycin dihydrate. Azithromycin exerts its antibacterial action by binding to the
50S ribosomal subunit of susceptible microorganisms, thereby inhibiting bacterial
protein synthesis and suppressing microbial growth. The drug demonstrates excellent
tissue penetration, prolonged half-life, intracellular accumulation, and convenient once-
daily dosing, which enhance patient compliance and therapeutic efficacy. In addition to
its antimicrobial activity, azithromycin exhibits anti-inflammatory, immunomodulatory,
and anti-biofilm effects, contributing to its usefulness in chronic respiratory disorders.
Despite its clinical benefits, irrational use and incomplete treatment courses have led to
increasing antimicrobial resistance among several pathogenic organisms. The review
emphasizes the importance of rational antibiotic prescribing, antimicrobial stewardship,
and continuous monitoring of resistance patterns to preserve the therapeutic
effectiveness of azithromycin. Overall, azithromycin dihydrate remains an important
and effective therapeutic agent in modern antimicrobial therapy when used
appropriately.

INTRODUCTION

antibiotics, macrolide antibiotics are one of the
most important and widely prescribed groups used

Antibiotics are chemical substances used to inhibit
the growth of microorganisms or destroy them
completely. Among the various classes of

in the treatment of bacterial infections. Macrolides
are characterized by the presence of a large
macrocyclic lactone ring attached to one or more
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deoxy sugars. These antibiotics exhibit broad-
spectrum antimicrobial activity and are mainly
effective against Gram-positive bacteria, Gram-
negative bacteria, and atypical microorganisms.

The first macrolide antibiotic, erythromycin, was
discovered from Streptomyces erythreus in the
early 1950s. Erythromycin became widely popular
due to its effectiveness against respiratory tract
infections and its use as an alternative in patients
allergic to penicillin. However, erythromycin
showed several limitations such as poor acid
stability, gastrointestinal irritation, short half-life,
and frequent dosing schedule. To overcome these
disadvantages, newer semi-synthetic macrolides
such as azithromycin and clarithromycin were
developed.

Macrolide antibiotics act mainly by inhibiting
bacterial protein synthesis. They bind to the 50S
ribosomal subunit of susceptible microorganisms
and block the translocation process during protein
synthesis. As a result, bacterial growth is inhibited
and the infection is controlled. Macrolides are
generally bacteriostatic in nature, although they
may exhibit bactericidal action at higher
concentrations against certain organisms.

Macrolides possess several advantages including
broad-spectrum activity, good tissue penetration,
improved patient compliance, and relatively safe
therapeutic profile. These antibiotics are widely
used in respiratory tract infections, skin and soft
tissue infections, sexually transmitted diseases,
gastrointestinal  infections, and ophthalmic
infections. In addition to antibacterial activity,
certain macrolides also exhibit anti-inflammatory
and immunomodulatory effects, making them
useful in chronic inflammatory respiratory
diseases.

Due to their extensive clinical use, macrolide
antibiotics play a significant role in modern
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antimicrobial therapy. However, irrational and
excessive use has contributed to the emergence of
antimicrobial resistance, which has become a
major global health concern. Therefore, the
selection and proper use of macrolides require
careful consideration to ensure effective treatment
and minimize resistance development.

Among the newer macrolides, azithromycin has
emerged as one of the most successful and
commonly prescribed antibiotics worldwide
because of its superior pharmacokinetic profile,
broad antimicrobial spectrum, and convenient
dosing regimen.l!Azithromycin dihydrate is a
semi-synthetic macrolide antibiotic belonging to
the azalide subclass. It is chemically derived from
erythromycin by incorporation of a nitrogen atom
into the lactone ring, resulting in improved acid
stability = and  enhanced  pharmacokinetic
properties. Azithromycin is widely used for the
treatment of various bacterial infections affecting
the respiratory tract, skin, gastrointestinal tract,

ear, and reproductive system.

Azithromycin dihydrate appears as a white
crystalline powder that is slightly soluble in water
and freely soluble in methanol. It is available in
different dosage forms including tablets, capsules,
oral suspensions, injections, and ophthalmic
solutions. The drug is generally administered
orally and is well tolerated by most patients.

One of the major advantages of azithromycin is its
excellent tissue penetration. The drug accumulates
in infected tissues and macrophages, producing
higher tissue concentrations compared to plasma
levels. This unique property contributes
significantly to its therapeutic effectiveness. In
addition, possesses a long
elimination half-life of approximately 68 hours,
allowing once-daily dosing and shorter treatment

azithromycin

duration. Such characteristics improve patient
compliance and reduce the risk of missed doses.
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Azithromycin exerts its antibacterial action by
binding to the 50S ribosomal subunit of bacteria
and inhibiting protein synthesis. This prevents
bacterial growth and multiplication. The drug is
effective against a wide variety of microorganisms

including Streptococcus pneumoniae,
Haemophilus influenzae, Mycoplasma
pneumoniae, Chlamydia trachomatis, and

Neisseria gonorrhoeae.

Clinically, azithromycin is extensively used in the
management of community-acquired pneumonia,
bronchitis, sinusitis, pharyngitis, skin infections,
sexually transmitted infections, typhoid fever, and
The drug has
demonstrated anti-inflammatory properties that
contribute to its usefulness in chronic respiratory
disorders.

traveler’s  diarrhea. also

Compared to older macrolides, azithromycin
produces fewer gastrointestinal adverse effects
and exhibits improved patient tolerability. Because
of its broad-spectrum activity, convenient dosing
schedule, and safety profile, azithromycin has
become one of the most frequently prescribed
antibiotics in both hospital and outpatient settings.

Despite its therapeutic importance, inappropriate
use of azithromycin may lead to bacterial
resistance and reduced clinical effectiveness.
Therefore, study of its
pharmacological activity and rational use remains
essential.[?!

continuous

Microbial infections continue to be a major public
health challenge throughout the world. Although
antibiotics have significantly reduced morbidity
and mortality associated with bacterial diseases,
the growing problem of antimicrobial resistance
has become a serious concern in recent years.
Resistance develops when microorganisms
undergo genetic or biochemical changes that
reduce the effectiveness of antibiotics. As a result,
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infections become difficult to treat and may lead to
prolonged illness, increased healthcare costs, and
higher mortality rates.

Azithromycin is one of the most commonly used
antibiotics due to its broad-spectrum antimicrobial
activity and convenient dosing regimen. However,
irrational prescribing practices, self-medication,
incomplete treatment courses, and overuse of
antibiotics have contributed to the emergence of
azithromycin-resistant bacterial strains. Several
pathogens including Streptococcus pneumoniae,
Staphylococcus aureus, and Neisseria gonorrhoeae
have shown increasing resistance to macrolide
antibiotics.

with
azithromycin include modification of ribosomal
target sites, efflux pump mechanisms,
enzymatic inactivation of the drug. These
mechanisms reduce drug efficacy and limit
therapeutic success. The increasing prevalence of
resistant microorganisms highlights the need for

Resistance mechanisms associated

and

careful monitoring of antibiotic use and
continuous evaluation of antimicrobial efficacy.

Another important issue is ensuring therapeutic
effectiveness while minimizing adverse effects.
Although azithromycin is generally considered
safe, improper dosing or prolonged use may result
in gastrointestinal disturbances, hepatotoxicity,
and cardiac complications such as QT interval
prolongation. Therefore, it is important to evaluate
the pharmacological activity, safety profile, and
clinical efficacy of azithromycin in the treatment
of microbial infections.

The present study aims to analyze the
pharmacological properties and therapeutic
significance of azithromycin dihydrate while
emphasizing the growing concern of antimicrobial
resistance. Understanding the efficacy and

limitations of azithromycin is essential for
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promoting rational antibiotic therapy and

improving patient outcomes.!!

The study of azithromycin dihydrate is of great
importance because microbial infections remain
one of the leading causes of illness worldwide.
Effective antimicrobial therapy is essential for
burden, preventing

and improving public health.

reducing disease
complications,
Azithromycin continues to play a significant role
in the treatment of various bacterial infections due
to its broad-spectrum activity and favorable

pharmacokinetic properties.

This study provides detailed information regarding

the pharmacological activity, mechanism of

action, pharmacokinetics, pharmacodynamics,
therapeutic applications, and adverse effects of
azithromycin dihydrate. The project also

highlights the importance of rational antibiotic use
in preventing antimicrobial resistance.

Understanding the pharmacological properties of
azithromycin is beneficial for students, healthcare
professionals, researchers, and pharmaceutical
industries. The information obtained from this
study may help improve clinical practice, promote
safe  prescribing, and support effective
antimicrobial therapy.

The study is also significant because it emphasizes
the importance of monitoring antibiotic resistance
patterns. As resistant microorganisms continue to
emerge, healthcare systems require updated
knowledge regarding antibiotic efficacy and
therapeutic limitations. Evaluation of
azithromycin helps in understanding its current

clinical relevance and future therapeutic potential.

Furthermore, this project contributes to academic
and research knowledge in the field of
pharmaceutical sciences. It serves as a useful
reference for future studies related to antimicrobial
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agents, macrolide antibiotics, and infectious
diseases. The findings may also support the
development of improved formulations and
advanced drug delivery systems for enhancing

therapeutic effectiveness.

In conclusion, the present study is significant
because it provides comprehensive knowledge
about azithromycin dihydrate and its role in the
treatment of microbial infections while addressing
the growing challenge of antimicrobial
resistance.[*]

2. LITERATURE REVIEW

1) Wang et. al., (2024): Wang and colleagues
evaluated the effectiveness of azithromycin
against  multidrug-resistant  respiratory
pathogens. The study highlighted the
importance of antimicrobial stewardship to
preserve azithromycin efficacy.

2) Sharma et. al., (2023): Sharma et al.
investigated the therapeutic role of
azithromycin in lower respiratory tract
infections. The researchers
significant  clinical improvement
reduced inflammatory response.

reported
with

3) Kumar et. al.,, (2021): Kumar and co-
workers analyzed the pharmacokinetic
profile of azithromycin in infectious
diseases. The findings confirmed prolonged
tissue retention and improved patient
compliance.

4) Singh et. al., (2020): Singh and colleagues
reviewed the role of azithromycin in
bacterial and atypical infections. The article
emphasized broad-spectrum antimicrobial
activity and once- daily dosing benefits.

5) Gupta et. al., (2019): Gupta et al. evaluated
azithromycin therapy in pediatric respiratory
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infections. The study demonstrated safety,
efficacy, and improved tolerability in
children.

Ahmed et. al.,, (2017): Ahmed and co-
workers studied the anti-inflammatory
effects of azithromycin in chronic
pulmonary disorders. Significant reduction
in airway inflammation was observed.

Brown et. al., (2016): Brown et al. analyzed
azithromycin resistance trends in Gram-
positive  organisms.  The  research
highlighted the necessity of rational
antibiotic prescribing practices.

Tran et. al., (2014): Tran and co-workers
evaluated the clinical efficacy and safety
profile of azithromycin in infectious
diseases. The study concluded that
azithromycin  remains an  important
antibiotic despite resistance concerns.

Serisier et. al., (2013): Serisier reviewed
long-term azithromycin therapy in chronic
respiratory  diseases. = The  research
demonstrated beneficial antimicrobial and
anti-inflammatory effects.

Imperi et. al., (2012): Imperi and colleagues
studied azithromycin against biofilm-
producing microorganisms. The findings
showed reduced bacterial adherence and
virulence.

Altenburg et. al., (2011): Altenburg et al.
investigated  azithromycin in  chronic
obstructive pulmonary disease (COPD). The
study showed reduced frequency of
infectious exacerbations.

Hansen et. al, (2010): Hansen and
associates reported increasing global
resistance among respiratory pathogens to

5"575"\& INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

macrolide  antibiotics. @ The  research
emphasized proper antibiotic stewardship.

13) Saiman et. al., (2009): Saiman and
colleagues studied long-term azithromycin
therapy in cystic fibrosis patients. Improved
pulmonary function and reduced
complications were observed.

14) Niederman et. al.,, (2007): Niederman
reviewed the use of azithromycin in
community- acquired pneumonia. The
article supported its use as an effective first-
line treatment.

15) Amsden et. al., (2004): Amsden evaluated
the pharmacological basis of short-course
azithromycin  therapy. The research

highlighted prolonged tissue concentration
and long half- life.

16) Rubinstein et. al.,, (2002): Rubinstein
reviewed the anti-inflammatory and
immunomodulatory activities of
azithromycin. The study suggested benefits
in chronic inflammatory airway diseases.

17) Mandell et. al., (2001): Mandell and
colleagues investigated azithromycin in
bronchitis and pneumonia treatment. The
study supported its effectiveness against
respiratory pathogens.

3. DRUG PROFILE OF AZITHROMYCIN
DIHYDRATE

1) Generic Information

Sr. Parameter Description

No
1 Generic Name Azithromycin Dihydrate
2 Category Antibiotic
3 Drug Class Macrolide Antibiotic
4 Subclass Azalide
5 | Chemical Formula | C38H72N2012-2H20
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6 | Molecular Weight Approximately 785
g/mol
7 Appearance White crystalline
powder
8 Nature Broad-spectrum
antibacterial agent

9 Solubility Slightly soluble in water

and freely soluble in
methanol
10 Route of Oral, Intravenous,
Administration Ophthalmic
2) Chemical Nature of Azithromycin

Dihydrate

Azithromycin Dihydrate is a semi-synthetic
derivative of erythromycin. It belongs to the
azalide group of macrolide antibiotics.
Chemically, azithromycin  differs
erythromycin by the incorporation of a nitrogen
atom into the lactone ring. This modification
increases  acid  stability and

pharmacokinetic properties.

from

improves

The drug possesses a 15-membered lactone ring
structure which provides better tissue penetration
and prolonged duration of action. The presence of
two water molecules in its crystalline form gives
rise to the dihydrate form of azithromycin.

Azithromycin is stable under acidic conditions and
exhibits improved oral absorption compared to
older macrolides.!®

3) Physical and Chemical Properties

Sr. Property Description
No
1 Colour White to off-white
2 Odor Odourless
3 Taste Bitter
4 Physical State Crystalline powder
5 Melting Point 113-115°C
6 Solubility in Water Slightly soluble
7 | Solubility in Methanol Freely soluble
8 pH Nature Slightly basic
9 Stability Stable under
normal conditions
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4) Pharmacological Classification
Azithromycin Dihydrate is classified as:
1. According to Therapeutic Use

a) Antibacterial agent

b) Anti-infective agent

2. According to Chemical Structure
a) Macrolide antibiotic

b) Azalide derivative

3. According to Pharmacological Action
a) Protein synthesis inhibitor

5) Mechanism of Action

Azithromycin Dihydrate is a macrolide antibiotic
that works by stopping the growth and
multiplication of bacteria. After administration,
the drug enters the bloodstream and reaches the
infected tissues where it penetrates bacterial cells.
It binds to the 50S ribosomal subunit of bacteria
and blocks protein synthesis, which is essential for
bacterial survival and reproduction.

Due to inhibition of protein synthesis, bacteria are
unable to grow and multiply, resulting in control
of the infection. Azithromycin also shows
excellent tissue penetration and long duration of
action, allowing once-daily dosing. In addition to
its antibacterial activity, the drug also possesses
anti-inflammatory  and  immunomodulatory
properties that help recovery in
respiratory and other microbial infections.

improve

Steps Involved in Mechanism:
= Entry of drug into bacterial cell
= Binding to bacterial ribosome
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= Inhibition of peptide chain elongation
= Prevention of protein synthesis
= Suppression of bacterial growth

Azithromycin is mainly bacteriostatic in action but

may  become  bactericidal  at  higher

concentrations.!”!
6) Pharmacokinetic Profile
A) Absorption

Azithromycin is rapidly absorbed after oral
administration. The drug exhibits moderate oral
bioavailability.

Features of Absorption:
= Acid stable
= Rapid gastrointestinal absorption
» Food slightly affects absorption
B) Distribution
tissue

Azithromycin demonstrates extensive

distribution. Distribution Characteristics:

High tissue concentration
= Intracellular accumulation
= Excellent penetration into infected tissues

=  Accumulation in and

phagocytes.

macrophages

= Tissue concentrations are significantly higher
than plasma concentrations.

C) Metabolism

= Minimal hepatic metabolism occurs
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= Majority of drug remains unchanged
D) Elimination
Azithromycin is eliminated mainly through:
= Biliary excretion
= Partial urinary excretion
E) Half-Life

The elimination half-life is approximately 68
hours, allowing:

= Once-daily dosing

= Short treatment duration

» Better patient compliance ¥/

7) Pharmacodynamic Properties

1. Pharmacodynamics describes the effects of
Azithromycin on microorganisms.

2. Important Pharmacodynamic Actions
3. Inhibition of bacterial protein synthesis
4. Suppression of bacterial multiplication
5. Reduction in inflammatory mediators
6. Immunomodulatory action

7. The drug also exhibits prolonged post-
antibiotic effect which contributes to
sustained antimicrobial activity.

8) Spectrum of Activity

Azithromycin possesses
antibacterial activity.

broad-spectrum

A) Gram-Positive Bacteria:
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= Streptococcus pneumoniae
= Streptococcus pyogenes
= Staphylococcus aureus
B) Gram-Negative Bacteria:
= Haemophilus influenzae
= Moraxella catarrhalis
= Neisseria gonorrhoeae
C) Atypical Organisms:
= Mycoplasma pneumoniae
* Chlamydia trachomatis
» Legionella pneumophila !
9) Dosage Forms

Azithromycin Dihydrate is available in several
pharmaceutical dosage forms.

Sr. No Dosage Form Strength
1 Tablet 250 mg, 500 mg
Capsule 250 mg
3 Oral Suspension 100 mg/5 mL,
200 mg/5 mL
4 Injection 500 mg
5 Ophthalmic Solution 1%
10) Therapeutic Uses

Azithromycin is used in the treatment of various
microbial infections.

= Respiratory Tract Infections
= Pneumonia
= Bronchitis

= Sinusitis
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= Pharyngitis

Skin and Soft Tissue Infections

= Cellulitis

=  Wound infections

= Impetigo

Sexually Transmitted Diseases

= Chlamydia

* Gonorrhea (1%

4. PHARMACOLOGICAL ACTIVITY

Azithromycin Dihydrate is a broad-spectrum
macrolide antibiotic widely used for the treatment
of bacterial infections. It belongs to the azalide
subclass of macrolides and is chemically derived
from erythromycin. Azithromycin has gained
significant importance
because of its enhanced antimicrobial activity,
prolonged half-life, excellent tissue penetration,
and improved patient compliance.

in modern medicine

The drug is commonly prescribed for respiratory
tract infections, skin infections,
transmitted diseases, gastrointestinal infections,

sexually

and atypical bacterial infections. Apart from its
antibacterial activity, Azithromycin also exhibits
anti-inflammatory  and  immunomodulatory
properties that contribute to its therapeutic benefits
in chronic respiratory disorders.

The pharmacological activity of Azithromycin
Dihydrate includes antimicrobial efficacy, non-
antibiotic effects, and various clinical applications
in infectious diseases. Due to these properties,
Azithromycin remains one of the most frequently
used antibiotics worldwide.

1) ANTIBACTERIAL ACTIVITY
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Azithromycin exhibits potent antibacterial activity
against a wide range of Gram-positive, Gram-
negative, and atypical microorganisms. The drug
acts by inhibiting bacterial protein synthesis,
thereby preventing bacterial growth and
multiplication.

Mechanism of Antibacterial Action

Azithromycin is a broad-spectrum macrolide
antibiotic that acts by inhibiting bacterial protein
synthesis. After entering the bacterial cell, the drug
binds specifically to the 50S subunit of the
bacterial ribosome, which is responsible for
producing proteins essential for bacterial growth
and survival. By blocking the translocation step
during protein synthesis, Azithromycin prevents
bacteria from forming new proteins required for
their metabolic activities and reproduction.

As the bacteria fail to synthesize essential proteins,
their growth and multiplication gradually stop,
allowing the body’s immune system to eliminate
the infection. Therefore, Azithromycin mainly
shows bacteriostatic action, although it may
become bactericidal at higher concentrations
against certain microorganisms. The drug also
accumulates effectively in infected tissues and
immune cells, which enhances its antibacterial
activity and provides prolonged therapeutic action
against microbial infections

Nature of Action
= Primarily bacteriostatic
bactericidal  at

= May become higher

concentrations
Gram-Positive Bacteria
= Streptococcus pneumoniae

= Streptococcus pyogenes
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= Staphylococcus aureus
Gram-Negative Bacteria

= Haemophilus influenzae

= Moraxella catarrhalis

= Neisseria gonorrhoeae
Atypical Organisms

=  Mycoplasma pneumoniae

» Chlamydia trachomatis

= Legionella pneumophila Advantages of

Antibacterial Activity

—_

. Broad-spectrum antimicrobial coverage

2. Excellent tissue penetration

[98)

. Long duration of action

4. High intracellular concentration

9]

. Reduced dosing frequency [!]
2) ANTIMICROBIAL EFFICACY

Antimicrobial efficacy refers to the effectiveness
of Azithromycin in controlling and eliminating
microbial infections. Azithromycin is highly
effective because of its unique pharmacokinetic
and pharmacodynamic properties.

Factors Responsible for High Antimicrobial
Efficacy

2.1 Excellent Tissue Penetration

Azithromycin penetrates deeply into tissues and
achieves concentrations much higher than blood
plasma levels. This allows effective eradication of
pathogens at the site of infection.
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2.2 Long Half-Life

The elimination half-life of Azithromycin is
approximately 68 hours, allowing prolonged
antimicrobial action and once-daily dosing.

2.3 Intracellular Accumulation

The drug accumulates inside macrophages and
phagocytic cells which transport the antibiotic
directly to infected tissues.

2.4 Post-Antibiotic Effect

Azithromycin continues to suppress bacterial
growth even after plasma drug concentrations
decline.

Azithromycin demonstrates high efficacy in:
= Community-acquired pneumonia
= Acute bronchitis
=  Sinusitis
= Otitis media
= Skin and soft tissue infections
= Chlamydial infections
= Typhoid fever
Importance of Antimicrobial Efficacy
= The high efficacy of Azithromycin results in:
= Rapid symptom relief
= Reduced duration of therapy
= Improved patient compliance

= Lower hospitalization rates
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3) NON-ANTIBIOTIC
AZITHROMYCIN

EFFECTS OF

Apart from antibacterial action, Azithromycin
possesses several non-antibiotic effects which
contribute to its therapeutic importance.

3.1 Anti-Inflammatory Activity

1) Azithromycin reduces inflammation by

suppressing inflammatory mediators and

cytokines.
2) Anti-Inflammatory Actions
3) Reduction in neutrophil activity
4) Suppression of cytokine production
5) Decrease in airway inflammation.

6) These effects are beneficial in chronic

respiratory diseases such as:

7) Chronic obstructive

(COPD)

pulmonary disease

8) Asthma
9) Cystic fibrosis
3.2 Immunomodulatory Activity

1) Azithromycin modulates immune system
and enhances host defense
mechanisms.

function

2) Immunomodulatory Effects

3) Improved macrophage activity

4) Regulation of immune response

5) Reduction in excessive inflammatory damage

3.3 Anti-Biofilm Activity
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Certain bacteria produce biofilms which protect
them from antibiotics. Azithromycin inhibits
biofilm formation and reduces bacterial virulence.

3.4 Mucoregulatory Effect

1) Azithromycin reduces mucus secretion in
respiratory diseases and improves airway
function.

2) Clinical Importance of Non-Antibiotic Effects

3) These additional effects make Azithromycin
useful in:

4) Chronic lung diseases
5) Persistent respiratory infections
6) Inflammatory airway disorders

Thus, Azithromycin provides therapeutic benefits
beyond its antibacterial activity.['?]

4) MAJOR CLINICAL INDICATIONS

Azithromycin Dihydrate is widely used in the
treatment of various infectious diseases.

4.1 Respiratory Tract Infections Azithromycin
is extensively prescribed for:

= Pneumonia

= Bronchitis

= Sinusitis

= Tonsillitis

= Pharyngitis

4.2 Skin and Soft Tissue Infections Used in:
= Cellulitis

=  Wound infections

iﬁ;} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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= Impetigo
= Skin abscesses

= The drug helps reduce bacterial growth and
promotes healing.

4.3 Ear and Eye Infections

= Ear Infections

= Otitis media

= Eye Infections

» Bacterial conjunctiviti 3!

5. SAFETY
DIHYDRATE

OF AZITHROMYCIN

Azithromycin is generally considered a safe and
well-tolerated  antibiotic =~ when used at
recommended doses. Compared with older
macrolides such as erythromycin, Azithromycin
produces fewer gastrointestinal adverse effects
and has better patient compliance.

1) General Safety Characteristics

= Broad therapeutic index

= Low incidence of severe adverse reactions
= Suitable for adults and pediatric patients

= Convenient once-daily dosing

= Short duration of therapy

The long half-life and extensive tissue penetration
allow reduced dosing frequency, which improves
treatment adherence and decreases complications
associated with missed doses.!'¥

2) Safety in Special Populations

7438 |Page



Nisarg Bodkhe, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 7428-7444 | Review

Pediatric Patients:

Azithromycin is widely used in children for
respiratory and ear infections because of its
favorable safety profile and availability in oral
suspension form.

Elderly Patients:

The drug can be used safely in elderly patients;
however, caution is advised in patients with
cardiac disorders due to the risk of QT interval
prolongation.

Pregnant Women:

Azithromycin is used during pregnancy only when
clearly needed and under medical supervision.

Lactating Mothers:

Small amounts of the drug may pass into breast
milk;  therefore, monitoring  is
recommended during lactation.

careful

3) Common Adverse Effects

Most adverse effects are mild and temporary.
Gastrointestinal Effects

= Nausea
* Vomiting
= Diarrhea
= Abdominal pain
Central Nervous System Effects
= Headache
= Dizziness

= Fatigue

£IREYN
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Skin Reactions
= Rash
= Mild allergic reactions

Compared with erythromycin, Azithromycin
causes significantly less gastric irritation because
of improved acid stability.[!”!

6. TOXICITY OF
DIHYDRATE

AZITHROMYCIN

Although Azithromycin is relatively safe,

excessive use or improper administration may
result in toxic effects.

1) Hepatotoxicity

Azithromycin may occasionally cause liver

toxicity. Symptoms of Hepatotoxicity
= Jaundice
= Dark urine
= Elevated liver enzymes
=  Abdominal discomfort
2) Cardiotoxicity

One of the important toxic effects associated with
Azithromycin is QT interval prolongation. This
may increase the risk of:

= (Cardiac arrhythmias

= Torsades de pointes

= Sudden cardiac complications
Risk Factors

= Existing heart disease

= Electrolyte imbalance
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* Concurrent use of QT-prolonging drugs ['®!
3) Allergic Reactions

Rare but serious allergic reactions may occur.
Allergic Manifestations

= Skin rash
= Urticaria
= Angioedema
= Anaphylaxis

Immediate discontinuation of therapy is necessary
if severe hypersensitivity reactions develop.!'”!

7. ANTIMICROBIAL RESISTANCE

Antimicrobial resistance has become a major
global concern associated with Azithromycin and
other antibiotics.

1) Causes of Resistance
Resistance develops mainly because of:
= [rrational antibiotic use
= Self-medication
* Incomplete treatment course
= Over-prescription
= Excessive antibiotic exposure

Improper use of antibiotics promotes survival of
resistant bacterial strains.

2) Mechanisms of Resistance

Azithromycin resistance occurs when bacteria
develop the ability to survive even in the presence
of the antibiotic. One of the most common
mechanisms of resistance is modification of the

£y

5  INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

oy
VAR, 5)
s

bacterial ribosomal binding site. Normally,
Azithromycin binds to the 50S ribosomal subunit
and inhibits protein synthesis. However, some
bacteria alter the structure of this ribosomal site,
preventing the drug from binding effectively. As a
result, protein synthesis continues normally and
the bacteria survive and multiply despite antibiotic

therapy

Another important mechanism of resistance is the
efflux pump mechanism, where bacteria actively
pump Azithromycin out of their cells before it can
exert its action. Some bacteria may also produce
enzymes that chemically inactivate the drug.
Irrational antibiotic use, incomplete treatment
self-medication,

contribute  significantly to the
development of resistance. This resistance reduces
the effectiveness of Azithromycin and makes
microbial infections more difficult to treat,
highlighting the importance of rational antibiotic
use and antimicrobial stewardship.['®]

courses, and overuse of

antibiotics

3) Resistant Organisms

Increasing resistance has been reported in:
= Streptococcus pneumoniae

= Staphylococcus aureus

= Neisseria gonorrhoeae

This resistance may reduce clinical efficacy and
complicate infection management.

2) Prevention of Resistance

= Rational Antibiotic Use

= Use antibiotics only when prescribed
= Avoid unnecessary therapy

= Completion of Therapy
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= Patients should complete the full prescribed
treatment course.

= Antimicrobial Stewardship

= Hospitals and healthcare systems should
implement proper antibiotic policies.

= Surveillance Programs

= Monitoring resistance patterns helps optimize

therapy and reduce resistant strains.!!]

8. DRUG-DRUG INTERACTIONS

Azithromycin interact with  several

medications and alter therapeutic outcomes.

may

1) Interaction with Antacids

Antacids containing aluminum or magnesium
reduce Azithromycin absorption.

= (Clinical Effect

= Reduced bioavailability

= Decreased therapeutic efficacy
2) Interaction with Warfarin

Azithromycin may increase the anticoagulant
effect of Warfarin. Risk:

* Increased bleeding tendency
= Elevated prothrombin time
Monitoring:

Regular monitoring of coagulation parameters is
required.

3) Interaction with Digoxin

Azithromycin may increase Digoxin concentration
in blood. Possible Effects:

¥ o
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= Digoxin toxicity

= (Cardiac complications

» Careful dose monitoring is necessary. 2!
4) Interaction with Cyclosporine

Concurrent use may increase Cyclosporine levels.
Risk:

= Nephrotoxicity

= Immunosuppressive toxicity

= Dose adjustment may be required.

5) Interaction with QT-Prolonging Drugs

Concurrent administration with other QT-
prolonging drugs increases the risk of arrhythmias.
Examples:

= Antiarrhythmic drugs

= (Certain antipsychotics

= Fluoroquinolone antibiotics
Clinical Concern:

21]

= Higher risk of cardiac toxicity.

9. ADVERSE DRUG REACTIONS (ADRs)
OF AZITHROMYCIN DIHYDRATE

Azithromycin Dihydrate is generally safe and well
tolerated, but some adverse drug reactions may
occur during therapy.

1) Gastrointestinal ADRs
= Nause
=  Vomiting

=  Diarrhea

7441 |Page



Th

2)

7)

7

e
=

Nisarg Bodkhe, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 7428-7444 | Review

Abdominal pain

ese are the most common adverse effects.
Central Nervous System ADRs
Headache
Dizziness
Fatigue
Cardiovascular ADRs
QT interval prolongation
Arrhythmias
Palpitations
Hepatic ADRs
Elevated liver enzymes
Hepatitis
Hepatotoxicity
Hypersensitivity Reactions
Skin rash
Urticaria
Angioedema
Anaphylaxis
Auditory ADRs
Tinnitus
Temporary hearing loss
Management of ADRs

Use under medical supervision

SLETN
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= Avoid irrational use

= Monitor liver and cardiac function

= Stop therapy if severe reactions occur 12?1

DISCUSSION

The present review project focused on the
pharmacological activity of  Azithromycin
Dihydrate in the treatment of microbial infections.
The reviewed literature showed that Azithromycin
is a broad-spectrum macrolide antibiotic with
effective activity against Gram-positive, Gram-
negative, and atypical microorganisms. The drug
acts by inhibiting bacterial protein synthesis
through binding to the 50S ribosomal subunit.

The  study  highlighted the  excellent
pharmacokinetic properties of Azithromycin such
as prolonged half-life,
penetration, intracellular accumulation, and once-
daily dosing, which improve patient compliance
and therapeutic efficacy. The review also revealed
additional anti-inflammatory and

immunomodulatory effects that make the drug

extensive  tissue

useful in chronic respiratory disorders.

Azithromycin is widely used in respiratory tract
infections, skin infections, sexually transmitted
diseases, and gastrointestinal infections. However,
irrational use and incomplete therapy contribute to
the development of antimicrobial resistance.
Certain adverse effects such as gastrointestinal
disturbances,  hepatotoxicity, QT  interval
prolongation, and drug interactions were also
identified.

Overall, the literature confirms that Azithromycin
Dihydrate remains an important and effective
antibiotic in modern antimicrobial therapy when
used rationally and under proper medical
supervision.
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CONCLUSION

The present review project concluded that
Azithromycin Dihydrate is a highly effective
broad- spectrum macrolide antibiotic used for the
treatment of various microbial infections. The
drug demonstrates excellent antibacterial activity
through inhibition of bacterial protein synthesis
and possesses favorable pharmacokinetic
properties including prolonged half-life, high
tissue penetration, and convenient once-daily
dosing.

In addition to its antibacterial

Azithromycin also exhibits anti-inflammatory and

action,

immunomodulatory effects which enhance its
clinical importance. The drug is generally safe and
well tolerated, although adverse effects such as
gastrointestinal disturbances, hepatotoxicity, and
cardiac arrhythmias may occur in some patients.

The review also emphasized that irrational
antibiotic use can lead to antimicrobial resistance,
reducing the effectiveness of therapy. Therefore,
rational prescribing, proper patient compliance,
and antimicrobial stewardship are essential for
maintaining  the  therapeutic  value  of
Azithromycin.

In conclusion, Azithromycin Dihydrate continues
to play a vital role in the management of microbial
infections due to its broad antimicrobial spectrum,
clinical efficacy, and favorable safety profile.
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