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ABSTRACT: Although antibiotics are among the
most commonly prescribed medications, their
stability has a significant impact on their
effectiveness, safety, and shelf life.
Photodegradation, a process in which medication
molecules undergo chemical changes upon
exposure to light, resulting in decreased
effectiveness or harmful by-products, is one of the
main stability problems. A straightforward,
sensitive, and affordable analytical method for
tracking the photodegradation of antibiotics is
ultraviolet (UV) spectroscopy. The basic concepts
of UV spectroscopy, such as Beer-Lambert's law,
equipment, and the function of auxochromes and
chromophores in light absorption, are outlined in
this overview. A thorough explanation of
photodegradation mechanisms is given, along with
information on how pH, solvent, concentration,
temperature, and packaging affect the process.
Studies on several antibiotic classes, such as
tetracyclines, macrolides, B-lactams,
cephalosporins, and  aminoglycosides, are
highlighted in the review. According to the results,
tetracyclines and B-lactams are especially sensitive
to light, but stability is greatly increased by
appropriate formulation techniques and packaging
(amber glass, aluminum blisters). Additionally
covered are photostabilization techniques, such as
the use of stabilizers, protective coatings, and
improved formulas. All things considered, UV
spectroscopy is a useful method for assessing
photostability, directing pharmaceutical research,
and guaranteeing regulatory compliance. To further
enhance antibiotic stability assessment, future
research should focus on eco-friendly degradation
studies and sophisticated spectroscopic techniques.
KEYWORDS: Antibiotics, Photodegradation,
UV-Spectrophotometric method, Dosage form,
Pacakaging material.

I. INTRODUCTION

The term antibiotic was coined from the
word “antibiosis” which literally means “against
life”. In the past, antibiotics were considered to be
organic  compounds  produced by  one
microorganism  which are toxic to other
microorganisms. As a result of this notion, an
antibiotic was originally, broadly defined as a
substance, produced by one microorganism [2], or
of biological origin [3] which at low concentrations
can inhibit the growth of, or are lethal to other
microorganisms [1].

The majority of antibiotic classes have
antibacterial potencies that target certain aspects of
the bacterial structure or metabolic
functions.Shows the most frequent targets of
antibiotics. The following is how antibiotics work:
Inhibition of the formation of cell walls; disruption
of the structure or function of cell
membranes;Protein synthesis is inhibited; nucleic
acid structure and function are inhibited; and
important metabolic pathways are blocked [5].

Spectroscopy is the measurement and
interpretation of Electro Magnetic Radiation
[EMR] absorbed and emitted when the molecules
or atoms or ions of a sample move from one energy
states to another energy states.[7]

Ultraviolet (UV) spectroscopy is a
physical technique of the optical spectroscopy that
uses light in the visible, ultraviolet, and near-
infrared ranges and it is based on Beer-Lambert
law states that the absorbance of a solution is
directly proportional to the concentration of the
absorbing species in the solution and path length.
UV absorption spectra arise from the transition of
electrons within a molecule or an ion from a lower
to a higher energy level and the UV emission
spectra arise from the reverse type of transition.The
UV radiation has sufficient energy to promote or
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excite the valence electrons in a molecule or an ion
from a ground state orbital to a higher energy level,
excited state orbital or anti bonding orbital which
can be detected as absorption [9].

A= ¢gcl

Where; A = Absorbance,

E = molar extinction coefficient,

¢ = concentration of the absorbing species,

| = path length.
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Figurel:Instrumentation of UV-Spectrophotometer

The entrance slit allows polychromatic
radiation, or radiation with many wavelengths, to
enter the monochromator. After being collimated,
the beam strikes the dispersing element at an angle.
The grating or prism divides the beam into its
constituent  wavelengths.  Only a  specific
wavelength  of radiation can exit the
monochromator through the exit slit when the
dispersing element or exit slit is moved. [16]
Quartz or fused silica cuvettes are required for
spectroscopy in the UV region. A detector converts
a light signal into an electrical signal. It should give
a linear response over a wide range of low noise
and high sensitivity.
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Figure2: Photodegradation Mechanism

I1. PHOTODEGRADATION OF DRUGS

1. Photodegradation of Azithromycin:
Macrolide antibiotics, such as

erythromycin and the semisynthetic azithromycin

are broad spectrum antimicrobial agents for
therapeutic treatment of infectious disease in
humans and animals [34].

Table 1: Materials and Reagents:

Sr.No. | Material/Reagent Source

1 Azithromycin Shanghai Aladdin Biochemical
Technology Co., Ltd. (Shanghai, China)

2 Sulfuric acid and Hydrochloric acid Sinopharm Chemical Regent Co., Ltd.
(Shanghai, China)

3 Sodium nitrate Chengdu Kelong Chemical Reagent
Factory (Chendu, China)
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Experimental Procedure: All photodegradation
experiments were conducted in a photochemical
reactor (HSX-UV300, Beijing NBET Technology
Co., Ltd, China) equipped with a 300 W xenon
lamp. Using the appropriate window glass filters,
the transmission light was restricted in 200-400 nm
and 400-780 nm to emit ultraviolet light (UV) and
visible light, respectively. The azithromycin
aqueous solution with a concentration of 20 mg-L-1
was prepared and irradiated with visible and UV
light.The residual concentrations of azithromycin
were obtained as following steps: (1) Azithromycin
solutions with various concentration (0, 10,20, 40,
80 and 100 mg.L-1) were prepared; (2) 5 mL
azithromycin solutions of each concentration were
taken and mixed with 5 mL sulfuric
acid(v/v=75%), colored rendering for 30 min and

detected the absorbance by visible
spectrophotometer at 482nm; (3) The standard
curve was drawn by taking the azithromycin
concentration as the abscissa and the absorbance as
the ordinate and linear equation of azithromycin
concentration and absorbance is created in
Microsoft ~ Excel; (4) The  azithromycin
concentration of samples were obtained by the
interpolation method.The photodegradation
efficiency of azithromycin was calculated using
equation (1):

R =c0—ct/c0 x 100% (1)

where R is the azithromycin degradation rate (%),
Co is to the initial azithromycin
concentration(mg/L), and Ct is the azithromycin
concentration at time t (mg/L). [35]
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Figure3: Photodegradation efficirncy of Azithromycin uder visible and UV light

2. Photodegradation of Doxycycline:

Doxycycline is a potent tetracycline drug
it is semi-synthetic and lipophilic in nature. It has
superior pharmacokinetics, long half-life, better
safety profile, low resistance potential and lower
cost. [36,37,38,39,40]

Materials and Reagents: The doxycycline 100mg
capsules and brands used were Nordox of Platinum
Pharmaceuticals Pvt Ltd, Doxycycline Hyclate of
Ningbo Shuangwel pharmaceutical, Contimycin

100mg of Asian Continental Pvt Ltd, Vibramycin
of Pfizer Pakistan Ltd, Doxyn of Atco Laboratories
and Wellcodox of GSK.

Experimental Procedure: To study the effect of
UV light, take 5 ml of 100 ppm solution of each
brand in six separated test tubes then 5 ml water is
added in each test tube and place these solutions in
UV light and absorbance of the solutions was
recorded at the wavelength of 273 nm.

Table 2: Effect of UV

Sr.No. | Brands Y% Assay
1 Doxycycline hyclate 107.10%
2 Wellcodox 103.48%
3 Nordox 109.00%
4 Vibramycin 109.50%
5 Doxyn 87.25%

6 Contimycin 79.56%
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3. Photodegradation of Ceftriaxone:

Certain  bacterial infections can be
effectively treated with the antibiotic ceftriaxone. It
is a third-generation cephalosporin that stops the
formation of mucopeptides in bacterial cell walls
[42, 43].

Materials and Reagents: For the trials,
ceftriaxone was acquired from Exir Pharmaceutical
Co. (Tehran, Iran). The analytical-grade chemicals
(H202, H2SO4, and NaOH) utilized in this
investigation came from the Merck

Experimental Procedure: Ceftriaxone was
dissolved in twice-distilled water to prepare the
samples. Using a pH meter (Philips PW 9422), the

initial solution pH of 100 mL was adjusted to the
designated value (5, 7, 9) in each run by adding
diluted 0.1 M HCI or 0.1 M NaOH. Two
independent replications of the experimental
experiments were conducted, and the results are
reported as mean * standard deviation (SD).In
every experiment, there was a 2 cm gap between
the UV source and the solution. The reactor's
solution was continuously agitated at a speed of
100 rpm throughout the studies. After measuring
the ceftriaxone concentration at the end of
radiation, 100 mL of a predefined concentration of
ceftriaxone solution was exposed to radiation in
order to evaluate the photolysis efficiency in
degrading ceftriaxone. [44]

Ceftriaxone degradation {%]

g

Reactlon time (min)

Figure4:Effect of initial ceftriaxone concentration on its degradation in the UV/H202 (ph=5,H202=10mg/I)

4. Photodegradation of Gentamicin:
Gentamicin is a broad-spectrum antibiotic
that belongs to the aminoglycoside class.
Mycobacterial, enterococcal, and severe Gram-
negative bacterial infections can be treated and
prevented using this bactericidal drug [45,46,47].

Materials and Reagents: Gentamicin's active
ingredient used in degradation research. Measuring
cylinders, beakers, pipettes, funnels, stirrers, and
volumetric flasks were among the Pyrex glassware
utilized. Glassware should first be cleaned with
chromic acid, then water, and then freshly made
double-distilled or DI water. Analytical grade
reagents, such as double-distilled or deionized
water, were utilized.

Experimental Procedure:

Prepatration of Gentamicin solution: After
weighing 0.020 grams of active gentamicin in a
tiny beaker, dissolve it with a small amount of
water. Pour this solution into a 100 ml volumetric
flask, then add water to get the volume up to the
desired level. A spectrophotometer was used to
measure absorbance. A solution containing 200
ppm was transferred to a cuvette, and absorbance
was measured at a maximum wavelength of 202
nm.

Procedure for degradation under UV light: To
find out how UV light affects gentamicin, put 5 ml
of a 200 ppm gentamicin solution in a test tube, add
5 ml of deionized water, and expose the test tube to
UV light After half an hour, wuse a
spectrophotometer with a maximum wavelength of
202 nm to measure the solution's absorbance.

Table 3: Degradation pattern in percentage of Gentamicin

Degradation Parameter Before UV After UV
1 100.25% 41.81%
2 99.74% 42.31%
3 100.25% 42.31%
Average 100.08% 42.14%
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5. Degradation of Metronidazole:
Metronidazole has antibacterial, antiparasitic,
antitrichomonal, antiamoebic, and antiprotozoal
properties.

Materials and Reagents:Different brands of 400
mg metronidazole tablets, such as Flagyl (FGL)
(international), Metrozine (MNE) (local), Klint
(KNT) (local), and the active metronidazole
benzoate (MTZb), are employed for degradation
studies and assays.

Experimental Procedure:

Preparation of Metronidazole solution: Use the
weighing scale to weigh each brand of
metronidazole tablet separately. Using a mortar and
pestle, crush and combine the tablets. Weigh the
powders precisely to create main solutions equal to
10 mg of metronidazole (0.0157 gm), and weigh
the active ingredient (metronidazole benzoate)
straight (0.0100 gm).Transfer these weighed

samples into four distinct 100 ml volumetric flasks.
For each sample, the powder was first dissolved in
a tiny amount of water, shaken until it was
completely dissolved, and then the volume was
finally made up with water to 100 ml, while the
active was first dissolved in acetone and then made
up with water to 100 ml.A spectrophotometer was
used to measure absorbance. Solutions with a
desired concentration of 100 ppm were transferred
to cuvettes individually, and absorbance was
measured at a maximum wavelength of 278 nm.

Procedure for degradation under UV light: To
measure the impact of UV (ultraviolet) light, put 5
ml of a 100 ppm solution of MTZb (active), FGL
(multinational), MNE (local), and KNT (local) in
four separate test tubes. After adding 5 milliliters of
DI water to the same test tube, expose it to 320 nm
UV light for 30 minutes. Next, each solution's
absorbance was examined independently at a
maximum wavelength of 278 nm.

Table 4:Degradation pattern in percentage of Metronidazole

Drug Degradation 1 2 3 Average
Parameter
MTZB Before 99.73% 100% 100% | 99.98%
After UV 25.30% 26.05% 25.69 | 25.68%
%
FGL Before 100% 100% 100% | 100%
After UV 101.90% | 101.90% | 102.10 | 101.97%
%
MNE Before 100% 100% 100% | 100%
After UV 102.80% | 102.90% | 102.90 | 102.87%
%
KNT Before 100% 100% 100% | 100%
After UV 99.55% 99.70% 99.55 | 99.60%
%

6. Degradation of Ampicillin:

When exposed to constant sunshine, a
number of UV-instable products, which are
composed of synthetic and natural polymers, break
down or disintegrate due to UV deterioration.
Continuous exposure is a more significant issue
than intermittent exposure since the attack depends
on the amount and degree of exposure.[50]

Materials and Reagents: Penbritin 250 mg
capsules from Glaxo Smith Kline Pakistan Ltd. and
ampicillin 250 mg capsules from Pliva Pakistan
(pvt) Ltd. were the brands of ampicillin that were
utilized.

Experimental Procedure:

Preparation of Ampicillin solution: Weigh each
brand's intact capsule separately, then empty the
capsule and weigh the empty shell. Lastly, weigh
each brand capsule's grains separately. Using a
mortar and pestle, triturate the granules separately.
Penbritin (0.0230 gm) and ampicillin (0.0258 gm)
for creating main solutions of ampicillin are
precisely weighed in powder corresponding to 25
mg of ampicillin trihydrate, whilst active (0.0250
gm) is weighed directly. Samples were weighed
and then added to three different 100 ml volumetric
flasks. The powdered substance was dissolved in
70 milliliters of hot water, shaken, and then the
volume was adjusted to 100 milliliters for each
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sample. Using a spectrophotometer, solutions with
the necessary concentration (200 ppm) were
individually transferred to cuvettes in order to
measure the absorbance at maximum 226 nm.

Procedure for degradation under UV light: To
investigate the impact of UV light, put five

milliliters of a 100 ppm solution of ampicillin
(local), Penbritin (multinational), and ampicillin
(active) in three different test tubes. Then, add five
milliliters of water to each test tube, expose them to

uv

light, and measure the absorbance of the

solutions at a wavelength of 226 nm.

Table 5: Degradation studies

Drug Degradation 1 2 3 Average
Parameter
Active( | Before 99.79 99.95 | 100. | 100.00%
AMP) % % 26%
After UV 100.77 | 102.0 | 101. | 101.49%
% 0% 70%
Local(A | Before 118.33 | 1195 | 119. | 119.26%
MP.L) % 7% 88%
After UV 104.01 | 104.8 | 105. | 104.75%
% 4% 40%
Multinat | Before 110.30 | 111.2 | 112. | 111.43%
ional(A % 3% 77%
MP.M)
After UV 99.02 98.89 | 98.6 | 98.84%
% % 1%
I11. RESULT AND DISCUSSION
1. Azithromycin:  Figure 3 displays the 3. Ceftriaxone: UV/H202 and UV process
photodegradation efficiency of azithromycin kinetics: Figure 4 shows how ceftriaxone
exposed to UV and visible light. Azithromycin concentration (5-20 mg/L) affects its decay
clearly deteriorated when exposed to visible kinetics throughout the UV/H202 process at
and UV light, with degradation rates of 44.6% pH =5 and 10 mg/L H202. It is evident that as
and 53.1% within 120 minutes, respectively. starting concentrations increased, ceftriaxone
Azithromycin photodegrades more quickly removal efficiency declined. For instance, after
under UV light than it does under visible light. a 60-minute irradiation time, the degradation
It can be explained by the fact that UV efficiency decreased from 81 to 43% when the
radiation has a higher radiation energy than starting concentration was increased from 5 to
visible light, which can hasten azithromycin's 20 mg/L. This makes sense given that both the
breakdown.Furthermore, azithromycin pollutant and H202 absorb UV light within the
degradation rates under both visible and UV lamp's emission spectrum [52]. Additionally, a
light exhibit a declining trend after 60 minutes higher concentration of ceftriaxone for a given
of reaction. This could be the consequence of amount of hydroxyl free radical results in more
an intermediate product being produced during ceftriaxone molecules in the reaction medium.
the photodegradation process, which raises Additionally, there may be more competition
absorbance and typically lowers the rate of between ceftriaxone molecules and the
photodegradation. The intermediate products breakdown byproducts that are oxidized by
continued to deteriorate after 100 minutes, and hydroxyl radicals [53]. Because of these
the rate of degradation increased once more. processes, the initial concentration of
2. Doxycyline: The goal of this study was to ceftriaxone increased and the degradation
compare the degree of degradation in six efficiency decreased.
distinct doxycycline brands. According to 4.

USP's limit of assay, the content must be
between 95% and 105% of the indicated
amount. UV radiation exposure deteriorates
brands 1, 3, 4, and D.

Gentamicin: We examine gentamicin's active
degradation parameters (Table 3), and the
absorbance for these parameters is provided in
Table 4. Gentamicin's availability —was
drastically reduced (42.14%) when exposed to
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UV radiation at 243 nm.Based on the findings,
it can be said that gentamicin underwent
significant deterioration (42.14%) after being
exposed to UV radiation (243 nm) for 30
minutes.

5. Metronidazole: When exposed to UV
radiation, MTZb, FGL, MNE, and KNT
exhibit reduced availability (25.68%), but none
of the other three brands exhibit any changes.
The findings indicate that while FGL, MNE,
and KNT are within the regulatory limits—that
is, 90-110% of the medication should be
available in % assay—MTZb declines when
exposed to UV radiation.

6. Ampiciilin: A study on the active ingredient
of ampicillin (AMP) and its 22 brands, such as
Penbritin (AMP.M) and ampicillin (AMP.L).
When AMP, AMP.L, and AMP.M are
subjected to UV radiation, negligible
modifications are also seen (101.49%,
104.75%, and 98.84%, respectively).

V. CONCLUSION

The importance of UV spectroscopy in
assessing antibiotic photodegradation and its direct
effects on medication stability, safety, and
therapeutic efficacy are highlighted in this study.
Tetracyclines and B-lactams are the most unstable
antibiotics because of  their  structural
chromophores, whereas macrolides,
aminoglycosides, and  nitroimidazoles  are
moderately susceptible. Stability testing is a crucial
component of pharmaceutical development since
photodegradation causes potency loss and, in
certain situations, the production of hazardous
byproducts.

Degradation is significantly influenced by
variables such pH, solvent, concentration,
temperature, formulation type, and packaging.
Aluminum blisters and amber glass containers have
been demonstrated to greatly increase stability
when compared to transparent plastics as protective
measures. For tracking these changes, UV
spectroscopy stands out as a straightforward,
affordable, and trustworthy method that ought to be
used frequently in stability studies and regulatory
filings.

To ensure drug quality, effective
photostabilization techniques—such as the use of
stabilizers, antioxidants, protective coatings, and
creative packaging—are essential. Future prospects
include using eco-friendly degradation studies to
assess environmental impact and integrating UV
spectroscopy with sophisticated analytical methods

(HPLC-UV, LC-MS) for deeper mechanistic
insights.

In  conclusion, thorough evaluation and
management of photodegradation can guarantee
that antibiotics continue to be stable, safe, and
effective, protecting both public health and
therapeutic results.
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