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Photostability studies of drugs and drug products are an integral part of the product development process in the pharmaceutical
industry. 
ese studies are carried out to ensure quality, e�cacy, and safety of the formulated products during manufacture,
storage, and use. 
is review deals with the concept of photostability and related aspects and the literature available in the
�eld. It highlights the role of the photochemistry in the photostability studies, describes the functional groups important for the
photoreactivity of drugs, explains photophysical processes, and deals with the kinetics of photochemical reactions. 
e various
modes of photodegradation of drugs with examples of selected compounds are presented.
e biological consequences of the e
ect
of light on the drug degradation are described. 
e photostability testing of drugs and drug products and the requirements under
ICHguideline are discussed. Some information on the packaging requirements for the formulated products is provided.
e various
methods used for the photostabilization of solid and liquid dosage forms are also discussed.

1. Introduction

A large number of drugs are sensitive to light [1, 2] and
therefore their formulated products may degrade during
manufacturing, storage, and administration. 
is may result
in potency loss, altered e�cacy, and adverse biological e
ects.

e European Pharmacopoeia [3] prescribes light protection
for more than 250 drugs and adjuvants. Knowledge of the
photochemical behavior of drugs can provide guidance for
handling, packaging, and labeling of drug products. 
e use
of the appropriate containers and packaging material can
protect the products from the deleterious e
ects of light.

e sensitivity of a drug to a particular spectral region of
light may vary with its chemical structure, photoreactivity,
and nature of the dosage form. 
e rate of a photochemical
reaction may be in�uenced by the intensity/wavelengths of
the radiation source and the transmission characteristics of
the container. 
e study of the photochemical reactions may

provide information on themode of stabilization of the active
ingredients in a product. 
ese reactions are o�en complex
and involve free radical species that form photoproducts [4–
6]. Photosensitized reactions may also lead to the degra-
dation of the drug substances [6]. 
e photoproducts of a
drug may be harmful and cause phototoxic, photoallergic,
or photosensitization reactions upon administration [7–9].

ese reactions may also be initiated by the interaction of a
drug with endogenous substances in the body in the presence
of light. 
e evaluation of the photochemical stability of
drugs and drug products is an essential component of
the formulation development process in the pharmaceutical
industry. Several monographs [10–12], details [13–23], and
reviews [24–29] have been published on the photochemistry,
photostability, and related aspects of the drugs and drug
products. Information on the photosensitivity, photostability,
and storage of pharmaceuticals is also provided in the
pharmacopoeias [1–3] and other literature [14, 30, 31].
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2. Photostability


e photostability of a drug substance may be de�ned as the
response of the drug or drug product to the exposure to solar,
UV, and visible light in the solid, semisolid, or liquid state that
leads to a physical or chemical change.


e response of the drug to light absorption and excita-
tion can be considered in terms of photodegradation (pho-
tolysis) reactions through the formation of free radicals or
photosensitization reactions by intermolecular energy trans-
fer. 
ese reactions involve primary (photochemical) and
secondary (chemical) reactions that give the �nal products.

2.1. Objectives of the Photostability Studies. In view of the
photosensitivity and photoinstability of drugs and adjuvants,
knowledge of the photostability of these substances and their
formulated products is necessary to evaluate the following:

(i) 
e intrinsic photostability characteristics.

(ii) 
ephysical and chemical changes upon the exposure
to light.

(iii) 
e photodegradation pathways and mechanisms.

(iv) 
e shelf life of the products.

(v) 
e e�cacy of the stabilizing agents in photostabiliza-
tion.

(vi) 
e need for modi�cation of the formulation param-
eters.

(vii) 
e need for the measures to overcome the e
ects of
the light exposure during manufacturing, packaging,
labeling, transportation, and storage.

(viii) 
e light-induced biological e
ects.

(ix) 
e primary and secondary package design.

2.2. Requirements for the Photostability Studies. Consider the
following:

(i) 
e solubility of the drug and choice of reaction
medium.

(ii) 
e spectral characteristics of the drug molecule.

(iii) 
e sensitivity of the drug molecule to the solar, UV,
and visible light.

(iv) 
e reaction vessel and the radiation source appro-
priate for the spectral characteristics of the drug
molecule.

(v) 
e knowledge of the photodegradation mode and
the nature of the photoproducts from the preliminary
studies.

(vi) A validated stability-indicating assay method to
determine the intact drug and the photoproducts in
the degraded material.

3. Photochemical Reactions


e photochemistry of the organic compounds has been
studied for a long time [32–36] and an advanced treatment

of this subject is available [6, 37]. 
e study of the pho-
tochemistry provides a basis for the understanding of the
photochemical reactions of the drug substances that a
ect
their stability and e�cacy.

Photochemical reactions may lead to the degradation
of the drug substances by one or more pathways to form
di
erent products. 
e elucidation of the mechanisms of
these pathways requires a thorough understanding of the
nature and type of the photochemical reactions involved.

ese would largely depend on the presence of certain func-
tional groups, physical characteristics (light absorption, p�as,
solubility, etc.), and the degradation mode of the compound.

e assessment of the photostability of the drug substances is
based on the study of all those factors that determine the rates
and mechanisms of the underlying photochemical reactions.

3.1. Spectral Regions of the UV, Visible, and Solar Radiation.

espectral regions of theUV, visible, and solar light involved
in the photochemical reactions are as follows:

UVA: 320–400 nm.

UVB: 290–320 nm.

UVC: 200–290 nm.

Visible: 400–700 nm.

Solar: including UVA, UVB, and visible ranges.


e majority of the photochemical reactions occur with the
help of the UVA, UVB, or visible light.

3.2. Chemical Groups Important for the Photoreactivity of
the Drug Molecules. 
e presence of the following chemical
functional groups in the drug molecules [10] is usually
necessary for the occurrence of photochemical reactions:

(i) Double bond, C=C (oxidation/isomerization).

(ii) Carbonyl group, C=O group
(reduction/fragmentation).

(iii) Aryl chloride, C6H4Cl2 (homolytic/heterolytic
dechlorination).

(iv) Nitroaromatic group, –C6H4NO2 (hydrogen abstrac-
tion/nitrite ester rearrangement).

(v) A weak C–H bond (photoinduced fragmentation via
hydrogen atom transfer or electron-proton transfer).

(vi) Sul�des, alkenes, polyenes, and phenols (highly reac-
tive with singlet oxygen, photochemically formed
from the ground-state triplet oxygen).

3.3. Photophysical Processes. It is necessary to understand the
various photophysical processes involved in the absorption
and dissipation of the light energy (see (1)–(7)) that have been
described byMoore [38].
esemay be followed by additional
reactions forming free radicals and subsequently the �nal
products (see (8)–(11)), as a result of the photodegradation
of the drug substances.

(i) Absorption:

Ao

ℎ]��→ 1A (singlet excited state) (1)
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(ii) Internal conversion:

1
A �→ Ao (singlet ground state) (2)

(iii) Fluorescence:

1
A �→ Ao + ℎ] (3)

(iv) Photoionization:

1
A �→ A∙+ + e− (4)

(v) Intersystem crossing:

1
A �→ 3A (triplet excited state) (5)

(vi) Internal conversion:

3
A �→ Ao (singlet ground state) (6)

(vii) Phosphorescence:

3
A �→ Ao + ℎ] (7)

(viii) Radical formation:

3
A + Ao �→ A∙+ + A∙− (ionic radicals) (8)

A∙+
−H��→ A∙ (oxidized radical) (9)

A∙−
+H��→ AH∙ (reduced radical) (10)

(ix) Final products:

2AH∙ �→ AH2 + Ao (11)

Upon the absorption of a photon at a speci�c wavelength
in the UV or visible range, a molecule in the ground state

(Ao) is promoted to the singlet excited state (1A), with the
electron spins remaining antiparallel (see (1)). 
e molecule
in the singlet excited state may dissipate its energy within
nanoseconds by di
erent physical process and thus get
deactivated. 
is may happen by internal conversion (IC)
(see (2)), a nonradiative transition to the ground state, or
photon emission (�uorescence) leading back to the ground
state (see (3)). 
e excess energy in the excited state may also
be dissipated as heat on collision with neighboring molecules
by vibrational relaxation (VR). Since the ionization potential
of the molecule is lower in the singlet excited state, it is
easier to remove an electron from an excited rather than
from the ground state. 
is occurs in the presence of an
electron acceptor as a result of photoionization (see (4)),
particularly in molecules having an anionic state. Another
process that can occur from the singlet excited state is the
intersystem crossing (ISC) to ametastable triplet excited state

(3A) with parallel electron spins (see (5)). 
e ISC is highly
e�cient for the photochemically active molecules.
e triplet
excited state with its lifetime in the microsecond to second
range has a greater probability for the reaction with other
molecules. Alternatively, it can return back to the ground state
by another ISC (see (6)) or by phosphorescence emission (see

(7)). Further photochemical processes involving the triplet
excited statemay lead to the formation of cationic and anionic
radicals (see (8)) and neutral (oxidized) (see (9)) and reduced
free radicals (see (10)). 
e reduced free radicals may react
to form the �nal products (see (11)). 
e triplet excited state
is a more powerful electron donor or acceptor than the
ground state of a molecule. All these processes occur mostly
within nanosecond to seconds a�er the excitation andmay be
studied by laser �ash photolysis, time-resolved spectroscopy,
and other techniques [39].

3.4. Kinetics of the Photochemical Reactions. 
e preformu-
lation studies in the drug development also include the
photostability testing of the drug substances.
is is necessary
to evaluate their overall photosensitivity and to ascertain
the rate at which they degrade under speci�c experimental
conditions. 
ese aspects involve the study of the kinetics of
the photodegradation reactions. 
e rate of a photochemical
reaction depends on the number� of photons absorbed per
second and the quantum yield of the reaction Φ. Moore [40]
has presented the following kinetic treatment for the photo-
chemical reactions that can be applied to the degradation of
the drug molecules.


e rate of a photochemical reaction may be expressed as

Rate

= number of molecules transformed per second

= �Φ.
(12)


e value of� at a particular wavelength 
 is given by

�� = �� − �� = �� (1 − 10−�) , (13)

where �� and �� are the incident and the transmitted light
intensities, respectively, and� is the absorbance of the sample
at the irradiation wavelength.
� is directly proportional to the concentration at low

absorbance values (� < 0.02), provided that the substance
follows Beer’s law relation between the absorbance and the
concentration:

�� = 2.303��� = 2.303��L���, (14)

where L� is the molar absorptivity at the wavelength 
, � is
the molar concentration of the absorbing species, and � is
the optical path length of the reaction vessel. Since �� and
L� vary with the wavelength, (14) integrated over the relevant
wavelength range gives

�
= 2.303��∫ (��L�) d
 integrated from 
1 and 
2,

Rate = 2.303��Φ∫ (��L�) d
.
(15)


eoverlap integral∫ ��L�d
 is a constant for a particular
combination of the photon source and the absorbing sub-
stance; � is obtained from the reaction vessel used; and Φ is
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the reaction property. On combining the constant terms into
an overall constant �1, the expression may be stated in the
form of a �rst-order equation:

Rate = −� [Drug]�� = �1�

or [Drug]� = [Drug]0 e−�1�
or ln [Drug]� = ln [Drug]0 − �1�.

(16)


e compliance of the analytical data to the �rst-order
kinetics may be con�rmed by the linearity of the plot of log
� versus � with the slope equal to −�1.


e factors that in�uence the rate of a photochemical
reaction include the concentration of the drug, the volume
of sample, the quantum yield of the photochemical reaction,
and the intensity and spectral distribution of the light source.

ese have been discussed in detail by Beijersbergen van
Hanegowen [41].

4. Photodegradation Reactions

Many drug substances of diverse molecular structure have
been found to be photoreactive. 
ey undergo degradation
reactions in aqueous and organic solvents by various path-
ways upon exposure to light. 
ese reactions may proceed
through free radical intermediates, involving several steps to
form the �nal products.
emajor modes of the photodegra-
dation of drugs are as follows:

(i) Photoaddition (e.g., ribo�avin).

(ii) Photoaquation (e.g., cyanocobalamin).

(iii) Photocyclization (e.g., meclofenamic acid).

(iv) Photodealkylation (e.g., chloroquine).

(v) Photodecarboxylation (e.g., amino acids).

(vi) Photodehalogenation (e.g., nor�oxacin).

(vii) Photodehydrogenation (e.g., nifedipine).

(viii) Photodimerization (e.g., primaquine).

(ix) Photoelimination (e.g., me�oquine).

(x) Photoinduced hydrolysis (e.g., sulfacetamide).

(xi) Photoisomerization (e.g., aztreonam).

(xii) Photooxidation (e.g., benzaldehyde).

(xiii) Photoinduced rearrangement (e.g., benzydamine).

(xiv) Photoreduction (e.g., ribo�avin).

(xv) Photoinduced ring cleavage (e.g., nor�oxacin).

In some of the photodegradation reactions, more than
one pathway may be involved; for example, the hydrolysis
of sulfacetamide is followed by oxidation, the reduction
of ribo�avin is followed by oxidation, the oxidation of
furosemide is followed by reduction, and the ring cleavage of
�uoroquinolones is followed by oxidation. 
e photodegra-
dation of the drug substances may occur by zero-order, �rst-
order, and second-order reactions or by simultaneous (paral-
lel) reactions to give two or three products and by consecutive

reactions involving intermediate species to give the �nal
product. Several examples of the photodegradation reactions
of the drug substances involving di
erent mechanisms have
been reported [10–12, 16, 18–21, 27]. Some examples of the
photodegradation reactions are presented in this section.

4.1. Photoaddition Reactions: Ribo�avin. Ribo�avin (RF) (1)
undergoes photodegradation by the photoaddition pathway

in the presence of divalent ions such as HPO4
2− and SO4

2−

to form cyclodehydroribo�avin [CDRF] at pH values > 6.0
[42]. 
e intramolecular photoaddition of the C–2� hydroxyl
group occurs at periposition C(9) in the benzene ring. 
e

reaction occurs via a RF–HPO4
2− complex (2) which creates

sterically favorable condition for C(9)/O(2��)-interaction
[42]. 
e involvement of the singlet excited state of RF

[1RF
ox
] in this reaction has been suggested based on the

quenching experiments. 
e RF–HPO4
2− complex leads to

the formation of a dihydro�avin intermediate (3) which upon
autooxidation gives rise to CDRF (4). 
e presence of the

HPO4
2− ions may facilitate the reorientation of the C–2�

hydroxyl group to a
ect the photoaddition [Figure 1]. 
e
kinetics of the photoaddition reactions of RF has been studied
[43].

4.2. Photoaquation Reactions: Cyanocobalamin. Cyanocobal-
amin (vitamin B12) is sensitive to light and its photochemical
conversion to hydroxocobalamin (vitamin B12b) takes place
in aqueous solutions [14, 44, 45]. 
e sequence of the pho-
todegradation reactions of B12 [46] is presented as follows:

Singlet excited stateB12

[Co3+ CN] 1
[Co3+ CN]

h�

(17)

Singlet excited state Triplet excited state

ISC1
[Co3+ CN] 3

[Co3+ CN]
(18)

B12b

3
[Co3+ CN] [Co3+ OH] + CN−H2O

(19)

H+
H+

OH− ; pKa = 7.8
[Co3+ OH] [Co3+ OH2]

+
(20)

Corrin ring cleavage products
B12b

O2
[Co3+ OH] (21)

According to this scheme, B12 is excited to the singlet
state (17) followed by its transformation to the triplet excited

state by ISC (18). 
e 3[Co3+ CN] may react with a molecule
of H2O and undergoes photoaquation to form B12b (19),
which exists in equilibrium with aquocobalamin (p�a 7.8) in
aqueous solutions (20). In the photoaquation reaction, the
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Figure 1: Photoaddition reactions of ribo�avin.

CN− group is removed with its full complement of electrons
and is replaced by a water molecule without any change in
the oxidation state of cobalt. 
is reaction takes place by the
absorption of light to cause a �-�∗ transition in the corrin

ring. 
e [Co3+ OH] molecule may be oxidized to corrin
ring cleavage products (21). 
e photodegradation reaction
of B12 is pH dependent, as B12 is a polyacidic base with six
weakly basic amide groups and has p�a of 3.3 [47]. In the
acidic pH range, the molecule exists as a cation [B12 H

+] due
to the ionization of the 5,6-dimethylbenzimidazole moiety.

e rates of the photodegradation reactions depend on the
ionization state of the molecule in the pH 1–12 range [45].

4.3. Photocyclization Reactions: Meclofenamic Acid. Expo-
sure of aqueous solutions of meclofenamic acid (5) (N-
(2,6-dichloro-m-tolyl)anthranilic acid) to UV or visible
light results in the dehydrohalogenation and cyclization

to form approximately equimolar amounts of 8-chloro-
5-methylcarbazole-1-carboxylic acid (6) and 8-chloro-7-
methylcarbazole-1-carboxylic acid (7) [48] [Figure 2].

4.4. Photodealkylation Reaction: Chloroquine. Chloroquine
(8) undergoes photochemical degradation in aqueous solu-
tions (pH 7.4) on irradiation with 240–600 nm light. 
e
major reaction leads to N-dealkylation to give several prod-
ucts including (9)–(11), which have been identi�ed byMS and
NMR spectrometry [49]. Some of the dealkylation reactions
are shown in Figure 3.

4.5. Photodecarboxylation Reactions: Amino Acids. Aliphatic
amino acids undergo decarboxylation to produce carbon
dioxide and an aldehyde by ribo�avin (RF) sensitized pho-
tooxidation [50]:

RF
ISC1RF 3RF

h� (22)
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(5) (6) (7)
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Figure 2: Photocyclization reactions of meclofenamic acid.
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Figure 3: Photodealkylation reactions of chloroquine.

COOH

H

R

3RF + NH2 CO2 + RCHO + NH3 (23)

RF on light absorption is excited to the singlet state [1RF]
which may be converted to the triplet excited state [3RF]
by intersystem crossing (ISC). [3RF] reacts with the amino
acids and causes their oxidation according to the reactions
expressed by (22) and (23).

4.6. Photodehalogenation Reactions: Nor�oxacin. Fluoro-
quinolones contain at least one �uorine atom and undergo
de�uorination in neutral solutions [51]. Nor�oxacin (12) on
irradiation in aqueous solutions (pH 7.2) is degraded slowly
by de�uorination (� = 0.06). 
e process involves solvolysis
at position 6 (13) [52] [Figure 4].

4.7. Photodehydrogenation Reactions: Nifedipine. Visible irra-
diation of nifedipine (14) in 95% ethanol results in the
dehydrogenation of the molecule. 
e degradation is fastest
in aqueous solutions at pH 2.0 [53].
e degradation products

have been identi�ed by 1H– and 13C– NMR studies as 4-(2-
nitrosophenyl)pyridine (15) and its oxidation product 4-(2-
nitrophenyl)pyridine (16) derivatives [54] [Figure 5].

4.8. Photodimerization Reactions: Primaquine. 
e photo-
chemical stability of primaquine (17) has been studied by
irradiating the aqueous solutions of primaquine diphosphate
(pH 7.4) with a 120W high-pressure mercury lamp (emission
at 320–600 nm). It gives numerous products including the
dimer (18) that has been identi�ed by GC/MS and NMR
spectrometry [55]. 
e dimerization reaction is shown in
Figure 6.

4.9. Photoelimination Reactions: Me�oquine. Me�oquine
(19) in aqueous solutions undergoes photoelimination to
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(12) (13)

NN

O

F

+H2N

COO−

−F−

NN

O

+H2N

COO−

+

Figure 4: Photodehalogenation reaction of nor�oxacin.

(14) (16)(15)
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H3COOCH3COOCH3COOC

H3C H3C H3CCH3 CH3 CH3

COOCH3 COOCH3 COOCH3

NO2 NO2

O2h�

Figure 5: Photodehydrogenation reactions of nifedipine.

form 2,8-bis(tri�uoromethyl)-4-hydroxyquinoline (20) [56]
[Figure 7].

4.10. Photoinduced Hydrolysis Reactions: Sulfacetamide. Sul-
facetamide (21) on UV irradiation in aqueous solutions is
hydrolyzed to sulfanilamide (22) [57] [Figure 8].

4.11. Photoisomerization Reactions: Aztreonam. Aqueous
solutions (pH 5.0) of aztreonam (23) (a third-generation
cephalosporin) undergo syn-anti-isomerization (24) on UV
irradiation involving the alkoxyimino group in the side chain
[58] [Figure 9].

4.12. Photooxidation Reactions

4.12.1. Photooxidation of Benzaldehyde. 
e photooxidation
of drugs by UV radiations usually involves a free radical
mechanism, as reported for benzaldehyde [59]. In the free
radical chain process, a sensitizer abstracts a hydrogen atom
from the drugmolecule (see (24)).
e free radical of the drug
next reacts with molecular oxygen to form a hydroperoxide
radical (see (25)).
e chain reaction is propagated by remov-
ing hydrogen atom from another molecule of the oxidant
(see (26)). 
e hydroperoxide radicals then react further to
form inert products (see (27)). 
e following equations show
initiation, propagation, and termination steps in the chain
reaction involved in the photooxidation of benzaldehyde:

CHO

Initiation
+

k1

CO∙

h� (24)

Propagation
+

k2

CO∙ CO3
∙

O2

(25)

CHO

Propagation
++

k3

CO∙CO3
∙ CO3H

(26)
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Figure 6: Photodimerization reaction of primaquine.
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Figure 7: Photoelimination reaction of me�oquine.

Termination
Inert products

k4

2CO3
∙

(27)

4.12.2. Photooxidation of Menadione. Menadione (vitamin
K3) (25) is oxidized in aqueous solutions (pH 6–12) on UV
irradiation to give 2-methyl-2,3-epoxy-1,4-naphthoquinone
(26) [60] [Figure 10].

4.13. Photoinduced Rearrangement Reactions: Benzydamine.
Benzydamine (27) on UV irradiation in aqueous solu-
tions undergoes rearrangement to give product (28) [61]
[Figure 11].

4.14. Photoreduction Reactions: Ribo�avin. A detailed study
of the photoreduction reaction of ribo�avin (RF) (1) in
aqueous and organic solvents has been made [62–74].

A reaction scheme for the photodegradation of RF by
the photoreduction pathway is shown in Figure 12. RF on

light absorption is promoted to the singlet excited state [1RF]
which may be converted to the triplet excited state [3RF]
(29). 
e [3RF] abstracts a hydrogen atom by intramolecular
transfer from the C-2� atom of the ribityl side chain to
N-1 of the isoalloxazine ring leading to the formation of
the biradical (30), earlier suggested by Brdička [75] in

the photolysis of RF through polarographic studies. 
e
biradical is oxidized to form formylmethyl�avin [FMF] (31),
an intermediate product isolated by Smith and Metzler [76].
FMF is hydrolyzed to lumichrome [LC] (32) in acid solutions
and LC and lumi�avin [LF] (33) in alkaline solutions [77–
79]. It is also oxidized to carboxymethyl�avin [CMF] (34)
in aqueous solutions [79, 80]. 
e rate-pH pro�le indicates
a greater susceptibility of RF to photodegradation in the

alkaline solutions as a result of the sensitivity of [3RF] to
alkaline hydrolysis [81].

4.15. Photoinduced Ring Cleavage Reactions: Nor�oxacin.
Nor�oxacin (12) on UV irradiation in aqueous solutions
undergoes piperazine ring cleavage to give product (35) [51]
[Figure 13].

5. Biological Effects of the Photoinstability


e biological consequences of the action of light on drugs
undergoing photodegradation are important. 
ese include
several adverse biological reactions involving phototoxicity,
photoallergy, photosensitization, and others [7–9, 82–87].
UV radiation present in the sunlight is usually classi�ed
into di
erent spectral ranges including UVA (320–400 nm),
UVB (290–320 nm), andUVC (270–290 nm). UVC radiation
is absorbed by ozone and is thus absent at the sea level.
UVA radiations involve longer wavelengths than those of
UVB and are less harmful. UVB radiations may a
ect human
skin and can produce erythema, edema, and pigmentation
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Figure 8: Photoinduced hydrolysis reaction of sulfacetamide.
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Figure 9: Photoisomerization reaction of aztreonam.

[88]. UVB may also cause photoaging, immunosuppression,
and photocarcinogenesis [85, 89]. 
e use of dermatological
preparations or other drugs in the treatment of these disor-
ders by application as a thin �lm on the skin can lead to rapid
photodegradation on exposure to light. 
is may make them
ine
ective or form toxic photodegradation products a
ecting
the skin. 
e list of some drugs causing adverse biological
reactions [8, 84] is given in Table 1.

Kullavanijaya and Lim [9] have suggested the use of
the sunscreen agents containing UV light �lters for the
photoprotection of the human skin. An ideal sunscreen
agent should be photochemically stable and dissolve in a
suitable vehicle. 
e photostability of the product depends
on the nature of the UV �lter. One of the �rst widely used
sunscreen �lters is para-aminobenzoic acid (PABA) (
max =
283 nm). It is soluble in water and is very e
ective against
UVB radiations at 5% concentration in 50–60% alcohol
base [90]. However, PABA causes photoallergy and is a
potent carcinogen; therefore, its use in sunscreen products
is limited [91]. 
e commonly used UV �lters nowadays
include avobenzone, octinoxate, and octyl dimethyl PABA.

ese compounds are photolabile, being rapidly destroyed on
exposure to UV light [92–94]. Some of the photostable �lters
include terephthalylidene dicamphor sulfonic acid (Mexoryl
SX), drometrizole trisiloxane (Mexoryl XL), methylene-bis-
benzotriazolyl tetramethylbutylphenol (Tinosorb M), and
bis-ethylhexyloxyphenol methoxyphenol triazine (Tinosorb
S) [92]. ZnO, TiO2, octocrylene, salicylates, and methylben-
zylidene camphor have been found to increase the photosta-
bility of the sunscreen products [9]. 
e organic sunscreen
agents may interact with the skin on exposure to light and
induce adverse biological reactions resulting in photoallergy,
phototoxicity, and photosensitivity [95–101]. 
erefore, care
should be exercised in the selection of the sunscreen agents
by consultation with a dermatologist. 
e Food and Drug

Administration, USA, has provided a list of 16 agents for use
as sunscreens including UVA and UVB �lters [101]. A list of
commonUV�lters approved inAustralia, Europe, Japan, and
the United States is also available [102].

6. Packaging Requirements


e light sensitivity of the drug substances requires the
use of an e
ective packaging system to protect them from
photochemical damage. 
e pharmacopoeias [1–3] prescribe
conditions for containers (e.g., light-resistant) and storage
(e.g., protected from light) for the light-sensitive drugs
and formulated products. 
e requirements for a packaging
system for pharmaceuticals di
er from product to product,
that is, solid or liquid dosage form. 
ere is a greater chance
of interaction between a liquid dosage form and the container
than that of the solid dosage form.
e e�cacy of a packaging
system for a particular drug or product may be evaluated
by performing photostability studies. Protection of a product
from light can be achieved by the use of an opaque or amber-
colored container. Amber glass is suitable for drugs absorbing
in the UV region as it transmits light above about 470 nm. An
opaque secondary packagemay also be used for this purpose.

Light transmission tests may be applied to evaluate the
light transmission characteristics of containers to be used for
photosensitive drugs [2]. Templeton et al. [28] have discussed
the implications of photostability on the manufacturing,
packaging, and storage of formulated products, emphasizing
the need for appropriate measures to protect photosensitive
products during these processes.

7. Photostability Testing

Photostability testing of drug substances and formulated
products is an integral part of the development process



10 International Journal of Photoenergy

(25) (26)

h�

O

O

O

CH3

O

O

CH3

pH 6–12

Figure 10: Photooxidation of menadione.

(27) (28)

h�

N
N

O N
CH3

CH3

CH2Ph

N

O

N N
CH3

CH3

CH2Ph

Figure 11: Photoinduced rearrangement reaction of benzydamine.

in industry to ensure their quality during the shelf life
period. It is carried out under standardized conditions to
determine the extent to which the drug or the product
undergoes an undesirable chemical change. Photostability
testing is undertaken to evaluate the overall photosensitivity
of the pharmaceuticals for the development and validation
purposes and to provide information necessary for handling,
packaging, and labeling [11]. “ICH Harmonized Tripartite
Guideline for Photostability Testing of New Drug Substances
and Products” [103] has stated the importance of light
testing as an integral part of stress testing. It is necessary to
determine the intrinsic photostability characteristics of the
new drug substances and products during the development
process and to demonstrate that light exposure does not
result in an unacceptable change. Another objective of this
study is to demonstrate whether precautionary measures in
manufacturing, packaging, and labeling of the products are
needed to overcome changes due to light exposure [104].

Photostability testing of drug substances and products is
conducted according to ICH Q1B guideline [103], with the
choice of an appropriate light source being an important
consideration for the uniformity of the results. 
e pho-
todegradation of a drug in a product is a function of the
spectral distribution and the intensity of the light source.

erefore, the use of speci�c light sources is necessary to
achieve harmony in the evaluation of photostability. ICH
guideline speci�es the use of an arti�cial daylight �uorescent
lamp, a xenon lamp, or a metal halide lamp emitting in
the UV and visible region with an output similar to that
of the standard daylight lamp D65/ID65. Any radiation
emitted below 320 nm should be eliminated by the use of
an appropriate �lter. Alternatively, a cool white �uorescent
lamp (emission ∼320–800 nm) or a near UV lamp (emission
320–400 nm) with the maximum emission between 350 and
370 nm should be used. 
e details of the photostability

testing procedures for the drug substances and drug products
are stated in the ICH guideline [103].

Several publications have dealt with the light sources,
their spectral distribution and use [20, 40, 105–111], photosta-
bility chambers [104, 112, 113], and experimental conditions
[28, 108, 114–117] for the photostability testing.

Various aspects of the photostability testing in relation to
the application of the ICH guidelines have been discussed [17,
20, 25, 118–123] and there is a need to improve the guideline in
the light of these studies.
e application of the photostability
testing in the pharmaceutical industry is necessary to ensure
the potency, the e�cacy, and the safety of the manufactured
products in their clinical use.

8. Photostabilization


e photosensitivity of the drug substances and the solid and
liquid dosage forms makes it necessary to adopt appropri-
ate measures for their stabilization during manufacturing,
compounding, and storage. 
e common approach to a
ord
photostabilization of pharmaceuticals is to protect them from
light by using suitable primary and secondary packaging.
e
various methods of photostabilization [12, 27, 124, 125] and
photoprotection [9, 20] have already been reviewed and are
brie�y presented in the following sections.

8.1. Spectral Overlay. 
e photosensitive drugs or products
can be protected by reducing the amount of the undesirable
light impinging on the material. 
is can be achieved by
the application of the principle of the spectral overlay to the
pharmaceutical formulations [126]. It is based on the use of
excipients that exhibit the absorption spectra similar to that
of the drug.
is results in the absorption of light by the excip-
ients at the expense of the drug and thus protecting it from
photodegradation. Molsidomine tablets have been stabilized
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by adding the UV absorber Eusolex 9020 [4-(t-butyl-4�-
methoxydibenzoyl)-methane] [127]. 
ese tablets have also
been stabilized by the addition of ribo�avin absorbing light
in the UV and visible region [128]. 
e photostabilization
of diclofenac gel has been achieved by the use of a UV
absorber, 3-(4-methylbenzylidene)-camphor (Eusolex 6300)
[129]. Food colorants have been employed as photostabilizing
agents for the oral dosage forms for the UV and visible ranges
[130].Ubidecarenone has been stabilized by�-(o-tolylazo)-�-
naphthylamine in a dry emulsion [131].

8.2. Use of Opacifying and Coating Agents. 
oma [124]
and 
oma and Spilgies [127] have discussed the use of
opacifying and coating agents in the photostabilization of
drugs in various dosage forms.
e yellow, red, and black iron

oxides have been employed as opaci�ers for the protection
of sorivudine, molsidomine, and nifedipine tablets [132]. 
e
photoprotective e
ect of these pigments depends on their
particle size which in�uences the light absorption and scat-
tering capacity. 
ese are most e
ective on even distribution
over the surface of the drug particles in the tabletmatrix [127].

e photoprotection of the solid dosage forms may also be
achieved by the use of opaque blisters and capsules [133–136].

e opaqueness of the material can be produced by the use of
a suitable dye with an absorption spectrum similar to that of
the drug or by the use of a re�ecting pigment such as titanium
dioxide. 
e addition of UV and visible absorbing opaci�ers
is also useful in the case of creams, ointments, and liquid
formulations [20].
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Table 1: Drugs causing adverse biological reactions.

Phototoxicity Photoallergy Photosensitivity

Acridine Aminobenzoic acid derivatives 2-Benzyl-4,6-dichlorophenol

Aminobenzoic acid derivatives Bithionol Chlorophenols

Anthraquinone dyes Chlorpromazine Ethanol

Anthracene Chlorpropamide Hexachlorobenzene

Chlorpromazine Fentichlor Oestrogens

Nalidixic acid 6-Methylcoumarin

Phenothiazine Promethazine

Protriptyline Salicylanilides

Psoralens Sulfanilamide

Pyrene 
iazides

Sulfanilamide

Tetracycline

Another method of photostabilization of the tablet for-
mulations involves �lm coating with agents possessing light
absorption or re�ection properties. 
e protective e
ect
of the �lm coating depends on its absorption, which is
related to the �lm thickness and concentration of the absorb-
ing/re�ecting excipient [127]. Film coatings have been used
for the photoprotection of sul�somidine [137], nifedipine
[135, 138], and other drugs [139].

8.3. Complex Formation. Complex formation between pho-
tosensitive drugs and complexing agents is among the earlier
methods for the stabilization of drugs. Ca
eine has been
employed as a complexing agent for the photostabilization
of ribo�avin, a highly photosensitive drug. It is most stable
in the complex form in aqueous solution, being suitable for
pharmaceutical formulations [140]. Ca
eine complexation
has been reported by several workers and occurs by the
formation of stacking complexes [141–144]. Ribo�avin also
forms a complex between the ribityl side chain and boric acid
resulting in the photostabilization of the vitamin [145, 146].

8.4. Cyclodextrin Complexation. 
e photostabilization of
drugs by the cyclodextrin inclusion complexation has been
discussed by 
oma [124], Yoshioka and Stella [18], and
Sheraz et al. [29]. Cyclodextrins are nonreducing cyclic
oligosaccharides that consist of six (�-CD), seven (�-
CD), or eight (�-CD) dextrose units. Internally these

molecules are relatively hydrophobic, while externally rela-
tively hydrophilic.
is structure imparts to them the capabil-
ity of forming inclusion complexes with the drug molecules
and thus provides photoprotection for the latter [18].

Numerous examples of the photostabilization of drugs
by cyclodextrin complexation have been reported. 
ese
include the complexation of clo�brate with �- and �-CD in
the solid state [147], nifedipine, pyridoxine HCl, and retinol
acetate with �-CD in aqueous solutions and in the solid state
[148], doxorubicin with �-CD in aqueous solutions [149],
daunorubicin with octakis (2,6-di-o-methyl)-�-CD in acidic
solutions [150], mitomycin Cwith �-CD in aqueous solutions
[151], ribo�avin with �-, �-, and �-CD in aqueous solutions
[152–158], diphenylhydramine with �-CD in aqueous solu-
tions [159], isradipine with methyl �-CD [160], triprolidine
HCl with �-CD [161], and other photosensitive drugs with
di
erent CDs [162].

8.5. Liposome Formation. Liposomes are microscopic and
submicroscopic phospholipid vesicles with a bilayered mem-
brane structure. Photostabilization of the drug substances by
entrapment into liposomes is an e
ective method to improve
their photostability. Examples of stabilization of the photo-
sensitive drugs in liposomal formulations include ribo�avin
[163–167], doxorubicin [168], vitamin A palmitate [169],
�uoroquinolones [170, 171], rose Bengal [172], amlodipine
[173], tretinoin [174], 2,7-dichlorodihydro�uorescein [175], o-
palmitoyl amylopectin [176], and zinc phthalocyanine and
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chloroaluminium phthalocyanine [177].
e entrapment e�-
ciency of the liposomes facilitates the enhancement of the
photostability of the drugs [164, 165, 174, 178]. Barnidipine
in cyclodextrin-in-liposomes matrices has shown increased
photostability with a value close to that of the solid formula-
tions [174].
e photostability of drugs in liposomal formula-
tionsmay be a
ected by the composition of the liposomes, the
entrapment e�ciency, and the drug-phospholipid interaction
[179].

8.6. Use of Stabilizers. A careful consideration of the factors
that promote the photodegradation of drugs and their control
may improve photostability. Some factors that adversely
a
ect the photostability of drugs include oxygen, oxidizing
agents, and metal ions. Photooxidation of drugs is among
the most commonly occurring modes of their degrada-
tion. Oxygen present in a formulation may be removed
by purging with nitrogen or by the addition of a suitable
antioxidant depending on the susceptibility of the drug to
photooxidation. 
e selection of an antioxidant may be
made on the basis of the di
erence in the redox potential
between the drug and the oxidant. 
e e
ectiveness of an
antioxidant is determined by studying the pharmaceutical
system under standard oxidation conditions and assaying the
drug content periodically [180].
edrug substances thatmay
be signi�cantly a
ected by the oxidation-reduction reactions
leading to photodegradation include ascorbic acid, ribo�avin,
cyanocobalamin, menadione, �-tocopherol, and chlorpro-
mazine [14]. Some of the commonly used antioxidants
are ascorbic acid, �-tocopherol, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), L-histidine, propyl
gallate, and sulfur compounds. Ascorbic acid, �-tocopherol,
�-carotene, andBHT act as free radical scavengers and singlet
oxygen quenchers and thus inhibit the photosensitization
reactions. If a drug substance acts as a photosensitizer and
initiates a chain reaction in the drug product, some of the
excipients may be oxidized, while the drug may be protected
from photodegradation [38].

Examples of the photostabilization of drugs by the use
of an antioxidant and other agents include ascorbic acid,
stabilized by �-tocopherol [181], doxorubicin HCl by sodium
thiosulphate [182], mitomycin and por�romycin [183], sul-
facetamide and sulphanilamide by sulfur compounds [184],
vitamin A by propyl gallate, citric acid, and BHT [185],
cholecalciferol by �-tocopherol and ascorbic acid [186], cian-
idanol by an oxygen adsorbent [187], and ribo�avin by EDTA,
thiourea, DL-methionine, and sodium thiosulfate [188].

8.7. Choice of Solvent. Solvents can exert considerable in�u-
ence on the stability of the photosensitive drugs in the
pharmaceutical formulations. 
e photodegradation rates
may be a
ected by the polarity and viscosity of the medium.

e choice of an appropriate solvent or a solvent combina-
tion may improve the photostability of a particular drug.
In particular, the e
ect of the dielectric constant on the
kinetics of the photodegradation of 10-methylisoalloxazine
[62], formylmethyl�avin [65], ribo�avin [72, 189–193], mox-
i�oxacin [194], and nor�oxacin [195, 196] in aqueous and

organic solvents has been studied. 
e reaction rates of these
compounds are a linear function of the solvent dielectric con-
stant.
ismay imply the involvement of a polar intermediate
in the reaction pathway [62].


e photodegradation rate of a drug may also be in�u-
enced by the solvent viscosity. In the case of the above-
mentioned �avins [62, 65, 192] and �uoroquinolones [193–
195], the reaction rates are a reciprocal function of the solvent
viscosity. 
us, an increase in the medium viscosity leads to
a decrease in the reaction rate. 
is could result from the
inhibition of the solute di
usion into the solvent [6]. For
example, the photodegradation of cyanocobalamin (vitamin
B12) in aqueous solutions is suppressed by the addition
of glycerol due to an increase in the medium viscosity
[197]. 
ese studies indicate that the solvent characteristics
such as dielectric constant and viscosity should be given
due consideration in the formulation of drugs to achieve
photostabilization.

8.8. Choice of pH. 
e pH of a solution is an important
factor in the stabilization of the drug substances. A drug may
be more stable in its ionized or nonionized form and may
undergo speci�c acid-base catalysis in aqueous solutions.
However, it would depend on the reactivity of the excited state
of the molecule in the particular pH range. 
e oxidation of
many drugs is a
ected by pH; for example, ascorbic acid (p�a
= 4.17) undergoes rapid photooxidation in the neutral and
alkaline pH range and is stable in the acid pH range [197].
Several studies have been conducted to evaluate the e
ect
of pH on the stability of the drug substances [14, 198] and
to assess the optimum pH from the rate-pH relationships to
achieve stabilization [14, 45, 194, 195, 199]. 
e bu
er species
present in a solutionmay be involved in the general acid-base
catalysis [18] and should be carefully selected to avoid this
e
ect.

9. Conclusions


e photostability evaluation and the photostability testing
of the drugs and drug products are an important part of the
formulation studies, providing information on their intrinsic
photostability characteristics and enabling the development
of stable, safe, and e
ective products. 
e knowledge of
the photostability of drugs and their mode of degradation
helps to guide the formulator in the assessment of the
product and thus make modi�cations necessary to prolong
its shelf life under the proposed storage conditions. 
e use
of various photostabilization techniquesmay further enhance
the stability of the products. 
e objective of these studies
is to ensure product quality along with all of the necessary
attributes during their storage and use.
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K. Ludányi, “UV light induced photodegradation of liposome
encapsulated �uoroquinolones: an MS study,” Journal of Photo-
chemistry and Photobiology A: Chemistry, vol. 198, no. 2-3, pp.
268–273, 2008.

[172] M. Fadel and K. Kassab, “Evaluation of the photostability and
photodynamic e�cacy of Rose Bengal loaded in multivesicular
liposomes,” Tropical Journal of Pharmaceutical Research, vol. 10,
no. 3, pp. 289–297, 2011.

[173] G. Ragno, E. Cione, A. Garofalo et al., “Design and monitoring
of photostability systems for amlodipine dosage forms,” Inter-
national Journal of Pharmaceutics, vol. 265, no. 1-2, pp. 125–132,
2003.

[174] G. Ioele, E. Cione, A. Risoli, G. Genchi, and G. Ragno,
“Accelerated photostability study of tretinoin and isotretinoin in
liposome formulations,” International Journal of Pharmaceutics,
vol. 293, no. 1-2, pp. 251–260, 2005.

[175] Y. Sadzuka, K. Nakagawa, H. Yoshioka, and T. Sonobe, “A
liposomal formulation study of 2,7-dichlorodihydro�uorescein
for detection of reactive oxygen species,” International Journal
of Pharmaceutics, vol. 356, no. 1-2, pp. 300–305, 2008.

[176] J. Cheng, J.-B. Zhu, N. Wen, and F. Xiong, “Stability and
pharmacokinetic studies of O-palmitoyl amylopectin anchored
dipyridamole liposomes,” International Journal of Pharmaceu-
tics, vol. 313, no. 1-2, pp. 136–143, 2006.

[177] S. M. T. Nunes, F. S. Sguilla, and A. C. Tedesco, “Photo-
physical studies of zinc phthalocyanine and chloroaluminum
phthalocyanine incorporated into liposomes in the presence of
additives,” Brazilian Journal of Medical and Biological Research,
vol. 37, no. 2, pp. 273–284, 2004.

[178] M. J. Habib and J. A. Rogers, “Stabilization of local anesthetics
in liposomes,”Drug Development and Industrial Pharmacy, vol.
13, no. 9–11, pp. 1947–1971, 1987.

[179] M. Michaelis, A. Zimmer, N. Handjou, J. Cinatl, and J. Cinatl
Jr., “Increased systemic e�cacy of aphidicolin encapsulated in
liposomes,” Oncology Reports, vol. 13, no. 1, pp. 157–160, 2005.

[180] L. Lachman, P. DeLuca, and M. J. Akers, “Kinetics principles
and stability testing,” in 
e 
eory and Practice of Industrial
Pharmacy, L. Lachman, H. A. Lieberman, and J. L. Kanig, Eds.,
pp. 760–803, Lea & Febiger, Philadelphia, Pa, USA, 3rd edition,
1986.

[181] I. Ahmad, M. A. Sheraz, S. Ahmed, R. Bano, and F. H. M. Vaid,
“Photochemical interaction of ascorbic acid with ribo�avin,
nicotinamide and �-tocopherol in cream formulations,” Inter-
national Journal of Cosmetic Science, vol. 34, no. 2, pp. 123–131,
2012.

[182] M. J. Habib and A. F. Asker, “Photostabilization of doxorubicin
hydrochloride with radioprotective and photoprotective agents:
potential mechanism for enhancing chemotherapy during
radiotherapy,” Journal of Parenteral Science and Technology, vol.
43, no. 6, pp. 259–261, 1989.

[183] W. J. M. Underberg and H. Lingeman, “Aspects of the chemical
stability of mitomycin and por�romycin in acidic solution,”

Journal of Pharmaceutical Sciences, vol. 72, no. 5, pp. 549–553,
1978.

[184] T. Ahmad and I. Ahmad, “
e e
ect of antioxidants on
the photolysis of aqueous sulphacetamide and sulfanilamide
solutions,” Polish Journal of Pharmacology and Pharmacy, vol.
35, no. 1, pp. 69–75, 1983.

[185] M. J. O’Neil, Ed., 
e Merck Index, Merck & Co., Rahway, NJ,
USA, 13th edition, 2001.

[186] J. Sawicka, “
e in�uence of excipients and technological pro-
cess on cholecalciferol stability and its liberation from tablets,”
Die Pharmazie, vol. 46, no. 7, pp. 519–521, 1991.

[187] K. Akimoto, H. Nakagawa, and I. Sugimoto, “Photo-stability
of cianidanol in aqueous solution and in the solid state,” Drug
Development and Industrial Pharmacy, vol. 11, no. 4, pp. 865–
889, 1985.

[188] A. F. Asker and M. J. Habib, “E
ect of certain stabilizers on
photobleacing of ribo�avin solutions,” Drug Development and
Industrial Pharmacy, vol. 16, no. 1, pp. 149–156, 1990.

[189] J. Koziol, “Studies on �avins in organic solvents—II. Pho-
todecomposition of ribo�avin in the presence of oxygen,”
Photochemistry and Photobiology, vol. 5, no. 1, pp. 55–62, 1966.

[190] W. C. Schmidt, “Light-induced redox cycles of �avins in various
alcohol/acetic acidmixtures,” Photochemistry and Photobiology,
vol. 36, no. 6, pp. 699–703, 1982.

[191] W. W. Moore and R. C. Ireton, “
e photochemistry of
ribo�avin. V. 
e photodegradation of isoalloxazines in alco-
holic solvents,” Photochemistry and Photobiology, vol. 25, no. 4,
pp. 347–356, 1977.

[192] I. Ahmad, Z. Anwar, S. Ahmed, M. A. Sheraz, R. Bano, and A.
Hafeez, “Solvent e
ect on the photolysis of ribo�avin,” AAPS
PharmSciTech, vol. 16, no. 5, pp. 1122–1128, 2015.

[193] G. R. Brunk, K. A. Martin, and A. M. Nishimura, “A study of
solvent e
ects on the phosphorescence properties of �avins,”
Biophysical Journal, vol. 16, no. 2, pp. 1373–1384, 1976.

[194] I. Ahmad, R. Bano, S. G. Musharraf et al., “Photodegradation of
moxi�oxacin in aqueous and organic solvents: a kinetic study,”
AAPS PharmSciTech, vol. 15, no. 6, pp. 1588–1597, 2014.

[195] P. Bilski, L. J. Martinez, E. B. Koker, and C. F. Chignell, “In�u-
ence of solvent polarity and proticity on the photochemical
properties of nor�oxacin,” Photochemistry and Photobiology,
vol. 68, no. 1, pp. 20–24, 1998.

[196] M. M. Haque and M. Muneer, “Photodegradation of nor-
�oxacin in aqueous suspensions of titanium dioxide,” Journal
of Hazardous Materials, vol. 145, no. 1-2, pp. 51–57, 2007.

[197] C. B. Grissom, A. M. Chagovetz, and Z. Wang, “Use of
viscosigens to stabilize vitaminB12 solutions against photolysis,”
Journal of Pharmaceutical Sciences, vol. 82, no. 6, pp. 641–643,
1993.

[198] S. M. Blaug and B. Hajratwala, “Kinetics of aerobic oxidation of
ascorbic acid,” Journal of Pharmaceutical Sciences, vol. 61, no. 4,
pp. 556–562, 1972.

[199] A. F. Asker, D. Canady, and C. Cobb, “In�uence of DL-
methionine on the photostability of ascorbic acid solutions,”
Drug Development and Industrial Pharmacy, vol. 11, no. 12, pp.
2109–2125, 1985.



Submit your manuscripts at

http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Inorganic Chemistry
International Journal of

Hindawi Publishing Corporation 

http://www.hindawi.com Volume 2014

 International Journal of

Photoenergy

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Carbohydrate 
Chemistry

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Physical Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

 Analytical Methods 
in Chemistry

Journal of

Volume 2014

Bioinorganic Chemistry 
and Applications
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Spectroscopy
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Medicinal Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Chromatography  
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Applied Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Theoretical Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Spectroscopy

Analytical Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Quantum Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Organic Chemistry 
International

Electrochemistry
International Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Catalysts
Journal of


