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Photostability and Interaction of Ascorbic Acid in Cream Formulations
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Abstract. The kinetics of photolysis of ascorbic acid in cream formulations onUVirradiation has been studied
using a specific spectrophotometric method with a reproducibility of ±5%. The apparent first-order rate
constants (kobs) for the photolysis of ascorbic acid in creams have been determined. The photoproducts
formed in the cream formulations include dehydroascorbic acid and 2,3-diketogulonic acid. The photolysis of
ascorbic acid appears to be affected by the concentration of active ingredient, pH, and viscosity of themedium
and formulation characteristics. The study indicates that the ionized state and redox potentials of ascorbic acid
are important factors in the photostability of the vitamin in cream formulations. The viscosity of the
humectant present in the creams appears to influence the photostability of ascorbic acid. The results show that
the physical stability of the creams is an important factor in the stabilization of the vitamin. In the cream
formulations stored in the dark, ascorbic acid undergoes aerobic oxidation and the degradation is affected by
similar factors as indicated in the photolysis reactions. The rate of oxidative degradation in the dark is about
seventy times slower than that observed in the presence of light.
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INTRODUCTION

Ascorbic acid (vitamin C) is an essential micronutrient that
performs important metabolic functions (1). It is sensitive to air
and light (2,3) and is degraded by chemical (4) and photo-
chemical oxidation (5–10).Ascorbic acid is an ingredient of anti-
aging cosmetic products (11–15) and exerts several functions on
the skin as collagen synthesis, depigmentation, and antioxidant
activity (16). As an antioxidant it protects skin by neutralizing
reactive oxygen species generated on exposure to sunlight (17).
In biological systems it reduces both oxygen- and nitrogen-
based free radicals (18) and thus delays the aging process. In
view of the instability of ascorbic acid in skin care formulations
(19), it is often used in combination with another redox partner
such as alpha-tocopherol (vitaminE) to retard its oxidation (20).
The methods of testing the photostability of dermal prepara-
tions have been described by Thoma and Spilgies (21). The
present work has been undertaken to study the photolysis of
ascorbic acid in cream formulations to evaluate the kinetics of
the system under various conditions such as the concentration of
active ingredient, pH, and viscosity of the medium and redox
potentials of ascorbic acid. The study of the effect of formulation
ingredients such as the emulsifiers and humectants on the

photolysis of ascorbic acid may provide information to improve
the stability of ascorbic acid in cream formulations on exposure
to light.

MATERIALS AND METHODS

Ascorbic acid (AH2) and dehydroascorbic acid (DHA)
were obtained from Sigma Chemical Co., St. Louis, MD. 2,3-
Diketogulonic acid (DGA) was prepared by the method of
Homann and Gaffron (22); Rf 0.065 (solvent system C men-
tioned under thin-layer chromatography (TLC)); UV (pH 7.0,
0.2 M phosphate buffer); λmax 290 nm. All the formulation
ingredients, reagents, and solvents were of the purest form
available from Merck and Co., Whitehouse Station, NJ.

Cream Formulations. On the basis of various skin care
formulations reported in the literature (23–25), the following
basic formula was used for the preparation of oil-in-water
creams containing AH2:

Oil phase Percentage (w/w)
Emulsifier Myristic/palmitic/

stearic acid
12.0

Cetyl alcohol 3.0
Aqueous phase
Active ingredient Ascorbic acid 2.0
Humectant Ethylene glycol/propylene

glycol/glycerin
5.0

Neutralizer Potassium hydroxide 1.0
Continuous phase Distilled water Q.S.

The details of the various cream formulations used in this study are
given in Table I
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Preparation of Creams. The emulsifiers were melted at
70–80°C in a glass jar immersed in a water bath. AH2 was
separately dissolved in a small portion of distilled water.
Potassium hydroxide and humectants were dissolved in the
remaining portion of water and mixed with the oily phase with
constant stirring until the formation of a thick white mass. It was
cooled to ~40°C and the AH2 solution was added. The thick
mass was mixed using a mechanical mixer with a glass stirrer at
1,000 rpm for 5 min. The pH of the cream was adjusted to the
desired value and the contents again mixed for 10 min at
500 rpm. All the creams were prepared under uniform
conditions to maintain their individual physical characteristics
and stored at room temperature in airtight glass containers for
a period of 3 months in the dark.

pH Measurements. The pH measurements were carried
out with an Elmetron LCD display pH meter (model–CP501,
sensitivity±0.01 pH units, Poland) using a combination pH

electrode. The pH of the cream formulations was maintained
in the range of 4.0–7.0 with H3PO4/NaOH solution.

Photolysis. A 2-g quantity of the cream was uniformly
spread on several rectangular glass plates (5×15 cm) covered
with a 1-cm tape on each side to give a 1-mm-thick layer. The
plates were irradiated in a dark chamber under constant
temperature and humidity (25±1°C/RH 60%) using a Philips
30 W TUV tube (100% emission at 254 nm, the wavelength
absorbed by AH2 at pH 4–7), fixed horizontally at a distance of
30 cm from the center of the plates. Each plate was removed at
appropriate interval and the cream was subjected to spectro-
photometric assay and chromatographic examination.

Thin-Layer Chromatography. The photolysed creams
containing AH2 and photoproducts were extracted with
methanol and subjected to TLC using 250-μm silica gel
GF254 plates (Merck) and the solvent systems: A, acetic

Table I. Composition of Cream Formulations Containing Ascorbic Acid

Cream number pH

Ingredients

SA PA MA CA AH2 GL PG EG PH DW

1 a 4 + − − + + + − − + +
b 5 + − − + + + − − + +
c 6 + − − + + + − − + +
d 7 + − − + + + − − + +

2 a 4 − + − + + + − − + +
b 5 − + − + + + − − + +
c 6 − + − + + + − − + +
d 7 − + − + + + − − + +

3 a 4 − − + + + + − − + +
b 5 − − + + + + − − + +
c 6 − − + + + + − − + +
d 7 − − + + + + − − + +

4 a 4 + − − + + − + − + +
b 5 + − − + + − + − + +
c 6 + − − + + − + − + +
d 7 + − − + + − + − + +

5 a 4 − + − + + − + − + +
b 5 − + − + + − + − + +
c 6 − + − + + − + − + +
d 7 − + − + + − + − + +

6 a 4 − − + + + − + − + +
b 5 − − + + + − + − + +
c 6 − − + + + − + − + +
d 7 − − + + + − + − + +

7 a 4 + − − + + − − + + +
b 5 + − − + + − − + + +
c 6 + − − + + − − + + +
d 7 + − − + + − − + + +

8 a 4 − + − + + − − + + +
b 5 − + − + + − − + + +
c 6 − + − + + − − + + +
d 7 − + − + + − − + + +

9 a 4 − − + + + − − + + +
b 5 − − + + + − − + + +
c 6 − − + + + − − + + +
d 7 − − + + + − − + + +

SA stearic acid, PA palmitic acid, MA myristic acid, CA cetyl alcohol, AH2 ascorbic acid, GL glycerin, PG propylene glycol, EG ethylene
glycol, PH potassium hydroxide, DW distilled water
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acid–acetone–methanol–benzene (5:5:20:70, v/v) (26); B,
ethanol–10% acetic acid (90:10, v/v) (27); and C, acetoni-
trile-butyl nitrile-water, (66:33:2, v/v) (28). The spots were
detected under UV light (254 nm) (AH2) or by spraying with
a 3% aqueous phenylhydrazine hydrochloride solution
(DHA, DGA).

Spectral Measurements. All spectral measurements on
methanolic extracts of freshly prepared/photolysed creams
were carried out on a Shimadzu UV–1601 recording spec-
trophotometer using quartz cells of 10-mm-path length.

Light Intensity Measurements. The intensity of the Phi-
lips 30 W TUV tube was determined by potassium ferriox-
alate actinometry (29) as 5.56±0.12×1018 quanta s–1.

Assay Method. The photolysed cream was completely
removed from the glass plate and transferred to a volumetric
flask. The AH2 content was extracted with methanol (3×
10 ml), the pH of combined methanolic solutions was
adjusted to 2.0 (with H3PO4) and the volume made up to
100 ml. A 1-ml aliquot of the solution was diluted to 20 ml
with acidified methanol (pH 2.0) and the absorbance was
measured at 245 nm using an appropriate blank. A
representative standard curve of absorbance versus concen-
tration in the range 0.1–1.0×10–4 M resulted in the following
linear least-squares regression equation: y=0.9920x+0.0012;
r2=0.9996.

RESULTS AND DISCUSSION

Photoproducts of Ascorbic Acid in Creams. The forma-
tion of degradation products on the UV photolysis of AH2 in
various creams (pH 4–7) has been studied by TLC and
spectrophotometry. All the formulations showed the presence
of DHA on detection by TLC along with AH2 using the
solvent systems A, B, and C. However, DGA, a hydrolysis
product of DHA (22) was only detected at pH 6 and 7. It
appears that in the cream media at relatively acidic pH of 4
and 5, this compound is not formed. The identification of
DHAwas carried out by comparison of the Rf value and spot
color with those of the authentic compound. The intensity of
the spots of methanolic extracts of the photolysed creams
shows that the amounts of DHA and DGA formed in various
samples subjected to an equally irradiated time differ. This
could be due to a difference in the rate of photolysis of AH2

in the creams depending on the nature of the formulation
ingredients and factors such as pH and viscosity. It has
been observed that the rate of formation of DHA and
DGA is greater in the creams containing myristic acid as
the emulsifier and ethylene glycol as the humectant
compared to those containing stearic/palmitic acids and
propylene glycol/glycerin. The reason for this pattern of
photolysis is discussed under the effects of formulation
characteristics and viscosity of the creams and carbon chain
length of the emulsifying agents. The formation of DHA
and DGA on photooxidation of AH2 solutions has
previously been reported (22,30,31).

Spectral Characteristics of Photolysed Creams. The UV
absorption spectra of the methanolic extracts of AH2 in
photolysed creams show a gradual loss of absorbance around
245 nm, with time, as a result of the oxidation of the molecule
to DHA (32,33) which does not absorb in this region due to
the loss of conjugation. However, the magnitude of these
changes varies with the change in the rate of photolysis of
AH2 in a particular cream and appears to be a function of the
polar character, pH, and viscosity of the creams. The
absorbance loss at 245 nm is greater in the creams containing
myristic acid and ethylene glycol.

Assay of Ascorbic Acid in Creams. The assay of AH2 in
creams has been carried out in acidified methanol (pH 2.0)
according to the UV spectrophotometric method of Zeng et
al. (34). Aqueous solutions of AH2 (~pH 2) exhibit absorp-
tion maxima at 243 nm (2,35,36), 244 nm (37), and 245 nm
(1,38). The absorption maxima of AH2 in methanol and
phosphate buffer (pH 2.5) occur at 245 nm (34). Since dilute
solutions of AH2 are highly susceptible to oxidation, the pH
of the solutions were adjusted to 2.0 with phosphoric acid to
maintain the molecule in the non-ionized form (99%) and to
minimize degradation during the assay.

The UV method of Zeng et al. (34) was originally used
for the analysis of ascorbic acid in aqueous solution. It was,
therefore, validated before its application to the assay of
AH2 in photolysed creams. The reproducibility of the
method was confirmed by the analysis of known amounts
of AH2 in the concentration range likely to be found in the
photolysed creams. The values of the recoveries of AH2 in
creams by the UV spectrophotometric method are in the
range of 90–96%. The values of RSD for the assays
indicate the precision of the method within ±5%
(Table II). The analytical data show gradually decreasing
concentrations of AH2, with time, in photolysed creams
indicating the accuracy of the assay method. This is also
evident from the linearity of kinetic plots for the photolysis
reactions.

Kinetics of Photolysis. The photolysis of AH2 in various
creams at pH 4–7 was found to follow first-order kinetics and
the apparent first-order rate constants (kobs) are reported in
Table III. The oxidative degradation of AH2 also occurs by
first-order kinetics (3). The effects of formulation character-
istics, concentration, carbon chain length of emulsifier, viscosity,
and pH of the medium and redox potentials of AH2 on the
kinetics of photolysis are discussed in the following sections.

Effect of Formulation Characteristics. The formulation
characteristics play an important role in the stability of a
drug in a product. It has been observed by various tests that
palmitic acid as an emulsifier imparts better formulation
characteristics such as consistency, uniformity, and compati-
bility (39) to enhance the stability of the product compared
with the other emulsifiers. In such a medium, there is a
greater possibility of achieving stabilization of the active
ingredient. Therefore, AH2 has been found to be more stable
in the presence of palmitic acid in the creams studied. The
stabilization of proteins by palmitic acid has been reported
(40,41). The creams containing myristic acid showed phase
separation. It was observed visually and occurred to the
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extent of 4–5%. This could be due to the lower viscosity and
shorter hydrocarbon chain length of the emulsifier compared
with those of the other creams. The emulsifiers with
relatively long hydrocarbon chains are reported to produce
stable creams (42). The creams containing stearic acid
became a little hard during storage. Stearic acid has been
reported to possess the properties of a hardening agent and
has shown evidence of drying out (43). This property of the
emulsifier might have caused increase in the viscosity of
creams resulting in hardening. This is specially true for
creams containing glycerin as a humectant (43). However,
no phase separation was observed in this case. The creams
containing palmitic acid retained their original character-
istics better than those containing the other emulsifiers. One
of the reasons of greater stability of AH2 in the presence of

palmitic acid is that it is compatible with reducing agents and
thus prevents oxidation of AH2 whereas stearic acid is not
compatible with reducing agents (43). The physical stability
of a formulation is an important factor in the stabilization of
an active ingredient (44).

Effect of Concentration. In order to observe the effect of
concentration on the photolysis of AH2 in a cream containing
different emulsifiers and glycerin as humectant, a plot of log
kobs against percentage of concentration of AH2 was con-
structed which exhibited an apparent linear relationship
between the two values (Fig. 1). Thus the rate of degradation
of AH2 appears to be faster at a lower concentration on
exposure to the same intensity of light. This may be due to a
relatively greater number of photons available for excitation
of the molecule at lower concentration compared to that at a
higher concentration. The AH2 concentrations of creams used
in this study are within the range (1–15%) reported by
previous workers for topical applications to skin (13–15).

Effect of Hydrocarbon Chain Length of Emulsifiers. In
order to observe the effect of hydrocarbon chain length of the
emulsifiers on the photolysis of AH2 in various cream formula-
tions, plots of kobs against the hydrocarbon chain length of
emulsifiers were constructed (Fig. 2). It appeared that the
photolysis of AH2 is affected by the emulsifiers in the order of:

myristic acid>stearic acid>palmitic acid.

The kinetic results indicate that AH2 exhibits greater
stability in the presence of palmitic acid than that observed in
the presence of other emulsifiers. However, there is little
difference in the values of kobs in formulations 1 and 2 at
pH 4.0 (0.44 and 0.42×10–3 min–1) and at pH 5.0 (0.64 and
0.60×10–3 min–1), respectively. Thus the hydrocarbon chain
length effect is not very prominent in these cases and other
factors may be involved in stabilization as discussed under the
effect of humectant. A consideration of kobs obtained for the
degradation of AH2 in the dark indicates a significant
difference in formulations 1 and 2 at pH 4.0 (1.28 and 0.91×
10–2 day–1) and at pH 5.0 (1.52 and 1.10×10–2 day–1),
respectively. These data provide a better indication of the
overall greater stability of AH2 in the presence of palmitic
acid compared with the other emulsifiers.

Table II. Recovery of Ascorbic Acid Added to Cream Formulations

Cream
formulationa

Added
(mg%)

Found
(mg%)

Recovery
(%)

RSD
(%)

1a 40.0 38.0 95.0 2.1
20.0 18.3 91.5 2.5

2b 40.0 37.1 92.8 1.5
20.0 18.5 92.5 2.5

3c 40.0 37.5 93.8 1.1
20.0 18.1 90.5 3.1

4d 40.0 38.4 96.0 1.3
20.0 18.9 94.5 2.1

5b 40.0 37.0 92.5 1.4
20.0 18.9 94.5 2.6

6c 40.0 36.9 92.3 1.0
20.0 19.0 95.0 2.2

7d 40.0 37.4 93.5 1.7
20.0 18.2 91.0 3.9

8c 40.0 38.0 95.0 1.5
20.0 18.8 94.0 3.3

9d 40.0 36.7 91.8 2.0
20.0 18.9 94.5 4.2

Values expressed as a mean of three to five determinations
aThe cream formulations represent combinations of each emulsifier
(stearic acid, palmitic acid, myristic acid) with each humectant
(glycerin, propylene glycol, ethylene glycol) to observe the
efficiency of methanol to extract AH2 from different creams
(Table I)

Table III. First-Order Rate Constants (kobs) for the Degradation of Ascorbic Acid in Cream Formulations in Light and Dark

Cream formulation

Light, kobs×10
3, min–1a,b,c, ±SD Dark, kobs×10

2, day–1a,b,c, ±SD

pH 4.0 5.0 6.0 7.0 4.0 5.0 6.0 7.0

1 0.44±0.039 0.64±0.062 1.00±0.088 1.29±0.120 1.28±0.115 1.52±0.099 1.91±0.096 2.20±0.132
2 0.42±0.036 0.60±0.059 0.95±0.090 1.20±0.108 0.91±0.055 1.10±0.069 1.52±0.097 1.82±0.097
3 0.47±0.042 0.69±0.066 1.07±0.098 1.37±0.106 1.48±0.092 1.76±0.097 2.20±0.153 2.54±0.152
4 0.56±0.050 0.72±0.069 1.04±0.097 1.31±0.101 1.37±0.099 1.61±0.129 2.05±0.123 2.36±0.165
5 0.50±0.050 0.67±0.064 0.97±0.087 1.24±0.111 1.21±0.085 1.41±0.080 1.75±0.132 1.95±0.105
6 0.61±0.059 0.79±0.065 1.13±0.105 1.40±0.138 1.62±0.105 1.94±0.142 2.37±0.190 2.65±0.188
7 0.60±0.057 0.71±0.067 1.08±0.105 1.33±0.099 1.64±0.095 1.89±0.132 2.22±0.164 2.46±0.145
8 0.53±0.048 0.62±0.055 0.99±0.076 1.26±0.103 1.43±0.099 1.67±0.127 1.93±0.149 2.12±0.142
9 0.65±0.062 0.81±0.080 1.17±0.074 1.43±0.112 1.84±0.149 2.08±0.162 2.51±0.203 2.80±0.178

aThe rate constants at pH 4.0–7.0 represent the values for formulations a to d of each cream, respectively
bThe values of rate constants are relative and depend on specific experimental conditions including light intensity
c n=3
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Effect of Humectants. The rate of a chemical reaction
may be affected by the viscosity of the medium and this can
greatly influence the stability of oxidisable substances (45,46).
Plots of kobs for the photolysis of AH2 versus inverse of the

viscosity of creams containing different humectants (viscosity,
mPa s: ethylene glycol, 17.4; propylene glycol, 56.1; 85%
glycerine, 109.0) (47) in combination with the individual
emulsifier have been found to be linear (Fig. 3). Thus an
increase in the cream viscosity leads to a decrease in the rate of
photolysis of AH2. The plots indicate that for each combination
the rates are affected by the magnitude of the viscosity. The
highest rates are observed with myristic acid (lowest viscosity
range), followed by those in the presence of stearic acid (highest
viscosity range). A combination of humectants with palmitic
acid shows the lowest rates of photolysis. A similar effect of
palmitic acid on rates in the presence of different humectants
has been observed (Fig. 2) and discussed under the effect of
hydrocarbon chain length of emulsifiers.

Fig. 1. A plot of log kobs for photolysis against ascorbic acid
concentrations in cream formulations containing myristic, stearic,
and palmitic acids

Fig. 2. Plots of kobs for photolysis of ascorbic acid in creams (1–9)
against carbon chain length of the emulsifier. Stearic acid (black
circle); palmitic acid (black square); myristic acid (black triangle).
Humectant used: glycerin (1–3); propylene glycol (4–6); ethylene
glycol (7–9)

Fig. 3. Plots of kobs versus inverse of viscosity in creams containing:
glycerin (black circle); propylene glycol (black square); and ethylene
glycol (black triangle) as humectants with different emulsifiers

Fig. 4. Plots of kobs versus pH for the photolysis of ascorbic acid in
creams (1–9)
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The viscosity of the medium affects the rate at which
molecules can diffuse through the solution. This, in turn, may
affect the rate at which a compound can suffer oxidation at the
liquid surface. This applies toAH2 and an increase in the viscosity
of the mediummakes access to air at the surface more difficult to
prevent oxidation (45). The stabilizing effect of viscosity impart-
ing substances on AH2 solutions has been reported (48).

Effect of pH and Redox Potentials. The pH effect on the
rate of photolysis ofAH2 in some typical creams (4–6) at pH 4–7
(Fig. 4) represents a sigmoid type curve indicating the oxidation
of the ionized form (AH−) of AH2 (pKa, 4.1) (35) with pH. The
AH− species appears to be more susceptible to photooxidation
than the non-ionized form (AH2). The behavior of AH2, on
photooxidation in the pH range 4–7, is similar to that observed
for the chemical oxidation of AH2 by molecular oxygen (3) and
involves the interaction of AH2 with singlet oxygen on UV
irradiation (5). The AH− species (predominant in the pH range
4.2–7.0, 55.7–99.9%) is more reactive towards singlet oxygen
than its protonated form, the AH2molecule (49) and, therefore,
the rate of photooxidation is higher in the pH range above 4.1
corresponding to the pKa1 of AH2. The major goal of a rate–pH
profile is to determine the optimum pH range for a particular
formulation. Several workers have studied the rate–pH profiles
of the chemical oxidation of AH2 in the pH range 2–7 (3,50);
however, the kinetics of photooxidation of AH2 in cream
formulations at different pH values has not been reported.

The photooxidation of AH2 is influenced by its redox
potential which varies with pH. The greater photostability
of AH2 at pH 5–6 compared to that at pH 7 and above is
due to its lower rate of oxidation–reduction in this range
(E0 pH 5.0=+0.127 V) (35). The increase in the rate of
photooxidation, with pH, is due to a corresponding
increase in the redox potential (E0 pH 7.0=+0.058 V)
(51) of AH2 and is similar to the photolysis behavior of
riboflavin at pH 5–6 (E0 pH 5.0=−0.117 V) (52) compared to
that at pH 7.0 (E0 pH 7.0=−0.207V) (52,53). Since the ionization
aswell as the redox potentials ofAH2 is a function of pH, the rate
of photooxidation depends upon the specific species present and
its redox behavior at a particular pH. The photolysis of AH2 in
creamsmay involve a polar semiquinone intermediate (1) which,
depending on the polar character of the medium, undergoes
oxidation with varying rates. This is similar to the behavior of
riboflavin analogs on photolysis in various media (54).

Degradation of AH2 in the Dark. In view of the photolysis
of AH2 in creams, a comparative study has been carried out to
observe its degradation in the dark. The apparent first-order
rate constants for the degradation of AH2 in the dark are
reported in Table III. The values of these rate constants indicate
that the degradation of AH2 in the dark is about 70 times slower
than those of the creams exposed to UV irradiation (Table III).
The degradation of AH2 in creams in the dark is due to chemical
oxidation (3,4) and occurs in the order of emulsifier:

myristic acid>stearic acid>palmitic acid.

It appears that palmitic acid exerts a stabilizing effect
against chemical oxidation of AH2 in the dark. This could
result from its compatibility with reducing agents as discussed
in the section on “Effect of Formulation Characteristics”.

The rate of degradation of AH2 also appears to be affected
by the viscosity of the cream in the order of humectant:

ethylene glycol>propylene glycol>glycerin.

Thus the presence of glycerin in creams imparts the most
stabilizing effect on the degradation of AH2. This is the same
order as observed in the case of the photolysis of AH2 in
creams as discussed under “Effect of Humectants”. The
airtight containers used for the storage of creams make the
access of air to the creams difficult to cause chemical
oxidation of AH2. However, in the presence of some air, it
has been observed that the degradation of AH2 is highest in
the upper layer of the creams compared to that of the middle
and the bottom layers.

The effect of pH on the degradation of AH2 in the creams
shows that the degradation increases with an increase in pH as
observed in the case of the photolysis of AH2 in creams. This is
due to an increase in the ionization and redox potentials ofAH2,
with pH, causing greater oxidation of the molecule. However,
the difference between the rate of degradation at pH 4 and 7 is
less than that observed in the presence of light (Table III). This
could be due to the effect of photooxidation of AH2 compared
to the aerobic oxidation as evident from the magnitude of the
rate constants under the light and dark reactions.

CONCLUSION

The present work shows that the rate of photolysis of
ascorbic acid in cream formulations on UV irradiation is
affected by concentration, viscosity of the medium, pH, and
redox potentials of ascorbic acid as well as the formulation
characteristics of creams. An increase in the rate of photol-
ysis, with pH as well as the redox potentials, in cream
formulations is due to the gradual ionization of ascorbic acid.
Ascorbic acid exhibits maximum photostability in the creams
at pH 4 in all the formulations. The main species involved as
an intermediate in the photolysis of ascorbic acid at pH 4 and
above is the monohydrogen ascorbate anion (AH−) which is
oxidized at a higher rate with an increase in the pH of the
medium. The photoproducts of ascorbic acid detected in the
cream formulations are dehydroascorbic acid and 2,3-
diketogulonic acid. The degradation of ascorbic acid in the
dark is also affected by the factors mentioned above and is
much slower than that observed in the presence of light.
Palmitic acid has been observed to exert a stabilizing effect
against degradation of the vitamin in creams.
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