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Khattak, et al.: Kinetics of Thermal Degradation of Betamethasone
The effect of pH, media, phosphate concentration and ionic strength on the kinetics of thermal degradation of
betamethasone valerate and betamethasone dipropionate has been investigated. A validated HPLC method has been
used to determine the parent compounds and their major thermal degradation products identified in the reaction.
Betamethasone‑17‑valerate gave rise to two major products, namely, betamethasone‑21‑valerate and betamethasone
alcohol, and betamethasone dipropionate degraded into three major products, namely, betamethasone‑17‑propionate,
betamethasone‑21‑propionate and betamethasone alcohol, in different media. Betamethasone valerate showed
maximum stability at pH 4‑5 while betamethasone dipropionate was maximally stable at pH 3.5‑4.5. The degradation
of betamethasone valerate and betamethasone dipropionate was found to follow first‑order kinetics and the
apparent first‑order rate constants (kobs) for thermal degradation in different media range from 0.399‑9.07×10‑3 h‑1
and 0.239‑1.87×10‑3 h‑1, respectively. The values of the rate constants decrease with increasing solvent polarity,
phosphate concentration and ionic strength. The second‑order rate constants (k´) for the phosphate ion inhibited
reactions lie in the range of 3.02‑1.30×10‑6 M‑1s‑1.
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Betamethasone valerate and betamethasone
dipropionate are synthetic glucocorticoids used
widely for the treatment of dermatoses and other
skin diseases in the dosage forms like cream, gel,
ointment, solution and lotion [1,2]. These esters are
sensitive to heat [3,4] and undergo degradation to a
number of compounds having lower therapeutic
activity as compared to that of the parent
compounds [5]. The degradation of betamethasone
and related corticosteroids has been the subject of
many investigations in the form of solutions [6‑9],
solid state[6,10] and in various dosage forms[11‑13]. The
major degradation reactions encountered with these
esters are oxidation[14‑19] and ester group migration
followed by hydrolysis[6‑9,11‑13,20‑27]. These reactions are
influenced by pH, solvent polarity, oxygen content
and temperature[14‑17,20‑25].
The present study involves the identification of the
thermal degradation products of these esters and
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evaluation of the kinetics of thermal degradation of
betamethasone esters in phosphate buffer, organic
solvents, and cream and gel formulations using a
validated HPLC method. The influence of pH and
solvent polarity on the degradation reactions has been
studied. The effect of phosphate concentration and
ionic strength on the rate of thermal degradation has
also been evaluated. These aspects have been studied
in detail in various media and the rates correlated
with different kinetic parameters.

MATERIALS AND METHODS
Betamethasone‑17‑valerate, betamethasone‑21‑valerate
and betamethasone alcohol were kindly donated
by GSK Pakistan (Pvt) Ltd., Karachi, Pakistan.
Betamethasone dipropionate, Betamethasone‑17
‑propionate and betamethasone‑21‑propionate were
gifted by Crystal Pharma, Malaysia. AR grade
chemicals like disodium hydrogen phosphate,
potassium chloride and citric acid were obtained
from Merck, Germany. Formulation ingredients
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carbomer 940, cetostcaryl alcohol, hydroxyethyl
cellulose, propylene glycol and isopropyl alcohol
were purchased from North Chemicals, Columbia;
Croda, Japan; Spectrum, USA; Dow Chemicals,
Germany and Bio M, Malaysia, respectively. All
the solvents used were of spectroscopic grade from
Tedia, Japan. The HPLC grade water used in the
mobile phase was purified through a Milli‑Q system,
Millipore, USA.
Preparation of cream and gel formulations:
The cream formulation was prepared by soaking
carbomer‑940 overnight in water. Betamethasone
esters dissolved in a small quantity of isopropyl
alcohol was mixed with a mixture of propylene
glycol, cetostearyl alcohol and water and then mixed
with the carbomer suspension in a silver sun mixer.
The pH of the cream was adjusted to 4.0 with 1 M
sodium hydroxide solution under gentle mixing. In
the case of gel formulation the betamethasone esters
solution in isopropyl alcohol and carbomer suspension
in water were mixed thoroughly with a mixture of
propylene glycol and water in a silver sun mixer.
Diisopropanolamine was then added to the mixture
under vigorous mixing. The pH of the gel was
adjusted to 4.0 with 4 M hydrochloric acid solution.
pH measurements:
All pH measurements were carried out with a WTW
pH meter (Model 702, Sensitivity ±0.01 pH units,
Germany). The electrode was standardized with
buffer solutions (pH 2.0, 4.0 and 7.0) at 25º. For
the determination of pH of the formulated products
(cream/gel), 2 g sample was mixed thoroughly with
30 ml of double distilled water in a beaker and pH of
the mixture was determined.
HPLC apparatus and conditions:
The HPLC analysis was carried out on a Shimadzu
class‑20 A HPLC (Kyoto, Japan) system that
consisted of an LC‑20AT pump, an SPD‑M20A
photodiode‑array UV/Vis detector and an inbuilt
CBM‑20A lite communication bus module. Data
collection and integration were achieved using
Shimadzu LC solution computer software version 1.2
(Kyoto, Japan). All the separations were carried
out isocratically on a stainless steel column
(250×4.6 mm i.d.) packed with Lichrosorb RP‑18
(particle size, 5 µm, Merck) provided with a C‑18
guard column (10×4 mm i.d., particle size, 5 µm).
A mixture of acetonitrile and water (60:40, v/v) was
134

used as a mobile phase, at a flow rate of 1 ml/min
at ambient temperature. The detection was made at
238 nm.
Degradation procedure:
In order to study the degradation of the betamethasone
esters in solutions [citrate‑phosphate buffers
(pH 2.5‑7.5), phosphate buffer (pH 7.5), acetonitrile
and methanol], stock solutions of the compounds
were mixed with the desired solvent in pyrex glass
bottles to obtain the required initial drug concentration.
Zero time samples were taken immediately while the
remainder of the reaction mixture was divided into
equal aliquots and heated in an oven (Memmert UIM
500, Germany) maintained at 40±1º for pre‑determined
time intervals. After heating, the samples were
removed and the reaction was immediately terminated
by adding 1 M HCl or 1 M NaOH solution to adjust
the pH of the samples to approximately 4.0 and
diluted further for HPLC analysis.
In the case of the cream or gel formulation the
samples were spreaded as a 2 mm thick layer in
Petri dishes and then degraded for pre‑determined
time intervals. The effect of pH on degradation was
studied by preparing solutions of the compounds in
citrate‑phosphate buffers at pH 2.5‑7.5. The thermal
degradation in solution was also carried out in the
presence of different concentrations of phosphate
buffer.
HPLC analysis:
The assay of betamethasone esters was carried
out by the HPLC method described under the
heading “chromatographic purity” in United State
Pharmacopoeia [4] . The method was validated in
respect to specificity, linearity, precision and accuracy.
The same method was used for the assay of the
degradation products of these esters. For the assay
of all these compounds an appropriate volume of the
solution sample was initially mixed with the internal
standard solution (beclomethasone dipropionate in
acetonitrile) and further diluted with the mobile
phase to make the final concentration of 50 µg/
ml, filtered through 0.45 µm filter paper and then
injected to the liquid chromatograph for analysis.
The concentrations of the esters and their degradation
products were read from the calibration curves
obtained with the reference standards. In the case
of cream and gel formulation the whole content of
the Petri dish was dissolved in acetonitrile, filtered

Indian Journal of Pharmaceutical Sciences

March - April 2012

www.ijpsonline.com

through 0.45 µm filter paper and then mixed with the
mobile phase after the addition of internal standard
prior to injection into the liquid chromatograph.

RESULTS AND DISCUSSION
The degradation products of betamethasone esters
obtained during the present reactions were identified
by comparison of their t R values with those of the
reference standards. A typical chromatogram showing
betamethasone valerate and its degradation products
(betamethasone‑21‑valerate and betamethasone
alcohol) formed in methanol is shown in fig. 1a. In
all the media (phosphate buffer, organic solvents,
cream and gel) only two thermal degradation products
were identified Table 1. These products are formed at

a

a relatively low temperature (40º) and are produced
by the ester group migration from C17 to C21, and
further hydrolysis as proposed by Yip et al.[12] (fig. 2).
In the case of betamethasone dipropionate three
degradation products (betamethasone‑17‑propionate,
betamethasone‑21‑propionate and betamethasone
alcohol) were identified by HPLC in all the media
studied. A typical chromatogram of betamethasone
dipropionate and its degradation products formed in
methanol is shown in fig. 1b. The degradation of
betamethasone dipropionate with the products formed
is shown in fig. 3. The reaction involves deacylation
(C17 and C21), interconversion of 17 to 21‑propionate
and further hydrolysis to betamethasone alcohol. Some
minor products were also identified in all the media.
The values of the assay data on the degradation
of betamethasone valerate and betamethasone

b

Fig. 1: HPLC chromatograms of betamethasone valerate and betamethasone dipropionate along with their degradation products.
(a) HPLC chromatogram showing betamethasone‑17‑valerate (peak 2, 5.671 min) and its thermal degradation products, betamethasone‑21‑valerate
(peak 3, 7.265) and betamethasone alcohol (peak 1, 2.487 min) with internal standard beclomethasone dipropionate (peak 4, 10.015 min), (b) HPLC
chromatogram showing betamethasone dipropionate (peak 4, 8.201 min) and its thermal degradation products betamethasone‑17‑propionate
(peak 2, 3.726 min), betamethasone‑21‑propionate (peak 3, 4.348 min) and betamethasone alcohol (peak 1, 2.345 min) with internal standard
beclomethasone dipropionate (peak 5, 9.945)

TABLE 1: THERMAL DEGRADATION PRODUCTS OF BETAMETHASONE ESTERS
Compound

Medium

Degradation products

Betamethasone valerate
(tR=2.48 min)

Acetonitrile, methanol, phosphate
buffer (pH 7.5) cream, gel

Betamethasone dipropionate
(tR=8.20 min)

Acetonitrile, methanol, phosphate
buffer (pH 7.5), cream, gel

Betamethasone‑21‑valerate
Betamethasone alcohol
Betamethasone‑17‑propionate
Betamethasone‑21‑propionate
Betamethasone alcohol

tR value in methanol (min)
7.26
2.48
3.72
4.34
2.34

TABLE 2: ASSAY OF BETAMETHASONE‑17‑VALERATE
ON DEGRADATION IN DIFFERENT MEDIA

TABLE 3: ASSAY OF BETAMETHASONE DIPROPIONATE
ON DEGRADATION IN DIFFERENT MEDIA

Time Acetonitrile Methanol
Phosphate
(h)
(M×105)
(M×105) buffer, pH 7.5
(M×105)
0
9.97
10.04
10.14
24
8.80
8.69
9.20
48
7.62
7.40
8.29
72
6.51
6.00
7.31
96
5.40
4.75
6.45
120
4.23
3.65
5.48
144
3.24
2.72
4.60

Time
Acetonitrile Methanol
Phosphate
Cream
Gel
(hours)
(M×105)
(M×105) buffer, pH 7.5 (M×105) (M×105)
(M×105)
0
10.01
9.98
9.93
10.04
10.26
24
9.69
9.55
9.78
9.98
10.19
48
9.36
9.19
9.65
9.88
10.14
72
9.00
8.78
9.49
9.79
10.07
96
8.70
8.42
9.37
9.71
10.00
120
8.41
8.00
9.20
9.65
9.96
144
8.10
7.63
9.09
9.58
9.91
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Cream
(M×105)

Gel
(M×105)

10.26
10.08
9.91
9.75
9.60
9.43
9.29

10.02
9.92
9.83
9.75
9.63
9.56
9.45
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Fig. 2: Degradation pathways for the thermal transformation of betamethasone valerate.
Degradation pathway for the thermal transformation of betamethasone‑17‑valerate into betamethasone‑21‑valerate and betamethasone alcohol

dipropionate are given in Table 2 and 3. These data
show a gradual decrease in concentrations of the
esters in different media and indicate approximately
10‑70% loss on degradation.
The pH‑rate profile for the thermal degradation of
betamethasone dipropionate in the range 2.5‑7.5
(fig. 4a) represents the breakdown of the ester side
chain followed by hydrolysis. The molecule may
undergo specific acid‑base catalysis resulting in an
increase in the rate with a decrease in pH in the acid
region and with an increase in the rate in pH in the
alkaline region.
The very slow rate around pH 4.5 appears to be due
to the solvent catalytic effect, that is, the un‑ionized
water‑catalyzed reaction of the molecule. The rate law
for the acid‑base catalyzed reaction may be written as:
kobs = ko + k1 [H+] + k2 [OH–].
At low pH the term k1 [H+] is greater and specific
hydrogen ion catalysis is observed. Similarly, at high
pH, the concentration of [OH–] is greater and specific
136

hydroxyl ion catalysis is observed. This explains the
V‑shaped pH‑rate profile for the thermal degradation
of betamethasone dipropionate. The pH‑rate profile
for the thermal degradation of betamethasone valerate
(fig. 4b) represents ester hydrolysis over the pH range
2.5‑7.5 and probably involves an intermediate in the
reaction as observed in the case of the hydrolysis
of hydrochlorothiazide[28]. The profile indicates an
increase in the rate in the pH range 2.5‑3.5 due to
H + ion catalysis. This is followed by a relatively
pH independent region extending over the pH range
of 3.5‑4.5. On increasing the pH there is a gradual
increase in the rate above pH 4.5. This appears to be
due to the water/hydroxyl ion‑catalyzed hydrolysis
of the molecule in the neutral and alkaline region.
The hydrolysis of betamethasone valerate represents
V‑shaped curve and is a case of specific acid‑base
catalyzed degradation.
The product distribution (% ratio) at 10% thermal
degradation of betamethasone‑17‑valerate and
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Fig. 3: Degradation pathways for the thermal transformation of betamethasone dipropionate to their degradation products.
Proposed degradation pathways of betamethasone dipropionate to give betamethasone‑17‑propionate, betamethasone‑21‑propionate and
betamethasone alcohol. Thick arrows indicate major pathways

TABLE 4: PRODUCT DISTRIBUTION AT 10% DEGRADATION OF BETAMETHASONE‑17‑VALERATE AND
BETAMETHASONE DIPROPIONATE AT DIFFERENT PH VALUES
pH
2.5
3.5
4.5
5.5
6.5
7.5

Betamethasone valerate
Betamethasone‑21‑valerate Betamethasone
alcohol
8.33
0.17
9.10
0.90
9.55
0.45
9.65
0.35
–
–
–
–
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Betamethasone dipropionate
Betamethasone‑17‑propionate Betamethasone‑21‑propionate
–
–
–
0.48
3.18
5.39
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10.00
9.20
6.80
8.68
6.69
4.61

Betamethasone
alcohol
–
0.80
3.20
0.83
0.13
–
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TABLE 5: APPARENT FIRST‑ORDER RATE CONSTANTS (KOBS) FOR THE DEGRADATION OF
BETAMETHASONE‑17‑VALERATE AND BETAMETHASONE DIPROPIONATE
Medium

Dielectric
constant (25°C)

Methanol
Acetonitrile
Phosphate
buffer (pH 7.5)
Cream
Gel

Betamethasone‑17‑valerte
kobs9(×103 h‑1) Correlation coefficient

Betamethasone dipropionate
kobs(×103 h‑1) Correlation coefficient

32.6
40.1
78.5

9.07
7.78
5.48

0.992
0.990
0.994

1.87
1.46
0.59

0.999
0.999
0.997

–
–

0.479
0.399

0.994
0.998

0.30
0.239

0.993
0.998
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Fig. 4: pH‑rate profile for analytes.
pH‑rate profile of (a) betamethasone valerate and (b) betamethasone dipropionate at 40º

betamethasone dipropionate in the pH range 2.5 to
7.5 is given in Table 4. It appears that the thermal
degradation of betamethasone‑17‑valerate increases
as a function of pH in the range of 2.5‑5.5 leading
to the formation of betamethasone‑21‑valerate
(8.33‑9.65%) and betamethasone alcohol (0.17‑0.9%).
The degradation of betamethasone‑17‑valerate leads
to the formation of betamethasone alcohol through
betamethasone‑21‑valerate as an intermediate in
the reaction. Some minor unknown products were
also detected by HPLC during the degradation
reaction. Betamethasone dipropionate leads to
the formation of betamethasone‑17‑propionate,
betamethasone‑21‑propionate and betamethasone
alcohol. However, betamethasone‑21‑propionate
is the only product formed at pH 2.5, and
betamethasone‑21‑propionate and betamethasone
alcohol are formed at pH 3.5‑4.5 and
betamethasone‑17‑propionate and betamethasone‑
21‑propionate are the only products formed
at pH 7.5. Betamethasone‑17‑propionate,
betamethasone‑21‑propionate and betamethasone
alcohol are all formed at pH 5.5 and 6.5. The
formation of betamethasone‑17‑propionate
increases with pH whereas the formation of
138

betamethasone‑21‑propionate and betamethasone
alcohol decreases with pH in the pH range 2.5‑7.5.
It appears that in the pH range 2.5‑4.5 any
betamethasone‑17‑propionate formed is unstable
and is converted to betamethasone‑21‑propionate.
Since betamethasone alcohol is formed through
betamethasone‑21‑propionate, its decreased formation
with pH is in accordance with the decreased
formation of betamethasone‑21‑propionate with pH.
It also indicates that betamethasone alcohol is a
degradation product of betamethasone‑21‑propionate.
In the present study degradation of betamethasone
esters has been carried out in different media,
i.e. methanol, acetonitrile, phosphate buffer (pH 7.5),
cream and gel formulations. The treatment of
the assay data Tables 1 and 2 of degraded
betamethasone esters in different media shows that
the reaction follows first‑order kinetics. The values
of the rate constants (kobs) are reported in Table 5.
The correlation coefficients for the rate constants
lie in the range of 0.998‑0.999. It appears that
degradation generally decreases in the order of the
medium as: Organic solvents > phosphate buffer >
cream > gel.
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Fig. 5: Dependence of the rate constant of degradation for the
analytes.
Dependence of the rate constant of degradation of (a) betamethasone
valerate and (b) betamethasone dipropionate on solvent dielectric
constant. (●) Methanol (♦) Acetonitrile (■) Water (Phosphate buffer,
pH 7.5)
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Fig. 7: Plots of kobs vs ionic strength for the degradation.
Plots of k obs vs ionic strength (µ) for the degradation of (a)
betamethasone valerate and (b) betamethasone dipropionate at
pH 7.5

The rate constants indicate that betamethasone
valerate degrades faster than betamethasone
dipropionate, suggesting that betamethasone
valerate is more susceptible to photodegradation
compared to that of the betamethasone
dipropionate.
In order to observe the role of solvent on the
rate of degradation of betamethasone valerate and
betamethasone dipropionate, plots of kobs versus the
solvent dielectric constant were prepared (fig. 5). It
was found that the rate of degradation is increased
with a decrease in the solvent dielectric constant
suggesting the presence of a non‑polar intermediate
in the reaction, which controls the rate of reaction.
March - April 2012

Fig. 6: Plots of kobs vs phosphate concentration for the degradation.
Plots of kobs vs phosphate concentration for the degradation of
(a) betamethasone valerate and (b) betamethasone dipropionate at
pH 7.5

Degradation of betamethasone esters has been
carried out in the presence of varying concentration
of phosphate buffer. Plots of k obs versus buffer
concentration are shown in fig. 6. A decrease in
the rate of degradation is observed with an increase
in buffer concentration in both cases. Therefore,
the buffer appears to cause inhibition in the rate
of reaction. This may be due to deactivation of
the excited species with an increase in buffer
concentration. A decrease in the rate of degradation
of such compounds has been observed with an
increase in phosphate buffer[8]. It may be concluded
that phosphate buffer has a significant effect on the
degradation kinetics of betamethasone ester.
The rate of degradation of both esters decreases with
an increase in ionic strength of phosphate buffer
(fig. 7). This is also in accordance with the behavior
of mometasone furoate on thermal degradation in
which the rate of loss is decreased with an increase
in the ionic strength[8].
Degradation of betamethasone valerate and
betamethasone dipropionate in different media follows
first‑order kinetics. Betamethasone valerate degrades
into betmethasone‑21‑valerate and betamethasone
alcohol whereas betamethasone dipropionate
degrades into betamethasone‑17‑propionate,
betamethasone‑21‑propionate and betamethasone
alcohol. The rate of degradation increases with a
decrease in the solvent dielectric constant due to
the relatively non‑polar character of these esters.
On the other hand an increase in the concentration
and ionic strength of phosphate buffer decreases
the rate of degradation probably as a result of the
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deactivation of activated species. The compounds
can be effectively protected against degradation in
cream and gel preparations by controlling pH of the
formulations.
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