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ABSTRACT

A simple, sensitive and economically viable spectrophotometric method for the determination of corticos-
teroids (predinsolone {PSL}, dexamethasone {DEX}, prednisone {PS}, betamethasone sodium phosphate
{BEP} and hydrocortisone {HYD} has been developed. The method involves the oxidation of corticoster-
oids by iron (lll) and subsequent complexation of iron (Il) with potassium hexacynoferrate (Ill), forming
bluish green colored complex having the maximum absorbance at 780 nm. The method has been applied
for the determination of above-mentioned corticosteroids in pharmaceutical formulations. The common
excipients do not interfere with the proposed method. A statistical comparison of these results with those
of reported method shows good agreement and indicates no significant difference in the precision. The
precision of the method developed is implied from the values of standard deviation which are varying from
0.03% to 1.06%. These are remarkable in comparison to the existing visible spectrophotometric studies
on steroids. . Recovery was found to be quantitative, and analysis to determine the mass per tablet was
obtained with the variation of £0.25% to 0.85% which implies the success of the method to get rid of the
interference from excipients. The studies have shown that the method is fast, reproducible and accurate
and can be used in the analysis of marketed formulations. The processed samples were stable up to

2hours minimizing the error in terms of fluctuating absorbance values.
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Synthetic corticosteroids are used in several phar-
maceutical preparations. Graham et al. reported a col-
orimetric procedure for betamethasone benzoate in topi-
cal gel preparation that utilized preliminary oxidation of
17-keto function, followed by reaction with blue tetra-
zolium [1]. The blue tetrazolium reaction is widely used
for the analysis of corticosteroids. USP XIX [2] and NF
XIV [3] used a slightly modified procedure of Mader
and Buck [4] for corticosteroids analysis. Reich et al.
have reported the reaction of steroid ketone with 2, 4-
dinitrophenylhydrazine [5]. The reaction leading to the
formation of dinitrophenylhydrazone is usually carried
out in alcoholic solution in the presence of small
amounts of mineral acids. Under the condition specified
in the experimental part of steroids containing keto
group in the 3-, 6-, 7-, 12-, 16-, 17-, 20- positions re-
acted rapidly with dinitrophenylhydrazine. The 11-keto
group is known to be unreactive to all carbonyl re-
agents. Side reaction such as dehydration was not ob-
served, but keto group acid of the bile acids type was
estrified, and the dinitrophenylhydrazones of the corre-
sponding ester were obtained [6]. I.Clark has reported a

colorimetric method for the estimation of cortisone,
hydrocortisone, aldosterone and related steroids. The
diphenylamine reagent, suitably modified to improve
the intensity of reaction, was applied to measurement of
some steroids [7]. It is worth mentioning that (although
not too many) startlingly outdated colorimetric methods
based on chemical reactions are still in use for the assay
of bulk drug material, for example the blue tetrazolium
assay was very popular in 1950s and 1960s for the assay
of corticosteroids drug formulations, moreover in their
bioassay[8,9,10,11]. However, it would be difficult to
find acceptable arguments for the use of this method for
the assay of several bulk corticosteroids in the recent
addition of US pharmacopeia “Assay of steroids [12].
The specificity of this indirect method based on the
natural absorption of corticosteroids and at the same
time the advantages of the latter method, i.e. low time
and labor consumption as well as high precision is lost.
The isoniazide method was reported for the deterrmina-
tion of cardioglycosides by classical picrate colour solu-
tion having the advantage is that the absorbance maxima
is shifted from about 240 nm to about 380 nm [13].
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Table 1. Absorbance* replication of proposed procedure

Singh and Verma

Run Prednisone  Dexamethasone Hydrocortisone Prednisolone Betamethasone sodium phosphate
1 0.561 0.206 0.248 0.163 0.175
2 0.561 0.206 0.249 0.164 0.177
3 0.563 0.208 0.248 0.164 0.178
4 0.566 0.207 0.246 0.167 0.177
5 0.560 0.206 0.247 0.166 0.173
6 0.561 0.206 0.247 0.166 0.173
7 0.562 0.205 0.248 0.165 0.175
8 0.561 0.206 0.246 0.163 0.175
9 0.562 0.205 0.246 0.164 0.178
10 0.561 0.205 0.245 0.168 0.177
Average 0.561 0.206 0.248 0.160 0.175
S.D. 0.0017 0.0010 0.0012 0.0017 0.0018
R.S.D. (%) 0.30 0.48 0.58 1.06 1.02

Concentration: 20 ug/ml

L. Ayllon et al. [14] have modified the classical blue
tetrazolium and porter silber method for the determina-
tion of corticosteroids.

The purpose of present work was to provide a sim-
ple, sensitive and economically viable spectrophotomet-
ric method for the determination of predinsolone, dexa-
methasone, prednisone, betamethasone sodium phos-
phate and hydrocortisone. The method is based on the
oxidation of corticosteroids with iron (I11) in acidic me-
dium and subsequent complexation of iron (I1) with
potassium hexacynoferrate (I11). The method offers the
advantage of sensitivity and stability. Common excipi-
ents present in pharmaceutical preparation do not inter-
fere in the determination of corticosteroids.

MATERIALS AND METHOD

Experimental

Apparatus: UV-vis double beam spectrophotometer
Systronics-2203 with 1 cm stoppered quartz cells was
used for the absorbance measurements.

Materials: Analytical reagent grade methanol, pred-
nisone (sigma), hydrocortisone (SRL), prednisolone,
betamethasone sodium phosphate and dexamethasone
(Mahima Exports, Sonepat (Hr) were used. All other
reagents were of analytical grade.

Reagent: Standard solutions of corticosteroids were
prepared in methanol. 0.5% (w/v) solutions of iron (I11)
chloride and potassium hexacyanoferrate (I11) were pre-

Table 2. Optical characteristics and precision data

pared in distilled water.

General procedure: Appropriate volumes of working
solutions of corticosteroids were transferred into a series
of 10 ml volumetric flasks. Sulphuric acid (4N, 2ml)
and iron (I11) chloride (0.5% wi/v, 2 ml), were added to
each followed by potassium hexacyanoferrate (I11) solu-
tion (0.5% wi/v, 0.5 ml). The mixture was heated in a
water-bath maintained at 70+2°C for 30 minutes with
occasional shaking and diluted to the mark with distilled
water. The absorbance was measured at 780 nm against
the reagent blank.

Analysis of tablets: An accurately weighed amount
of powdered tablets equivalent to pure form of corticos-
teroids as dissolved in methanol (~10ml). The solution
was filtered through a Whatmann No. 41 filter paper,
which was then washed with about 10 ml methanol. The
filtrate and washings were collected into a 100 ml stan-
dard flask and diluted to mark with double distilled wa-
ter. A volume of latter solution was diluted with double
distilled water to obtain a solution equivalent to
20pg/ml of the corticosteroids and then subjected to
analysis as directed under general procedure.

RESULT AND DISCUSSION

The method offers the advantages of simplicity, ra-
pidity and sensitivity without the need for extraction.
The method is successfully employed for the determina-
tion of corticosteroids in pharmaceutical preparations,
and common excipients, used as additives in pharma-

Parameter/characteristics PS HYD PSL DEX BEP
Color Bluish green Bluish green Bluish green Bluish green Bluish green
Amax (nm) 780 780 780 780 780
Stability (h) 2 2 2 2 2
Beer’s law range (ug/ml) 10-50 10-50 10-50 10-50 10-50
Molar absorptivity (M cm™) 60.0 x 10* 0.56 x 10* 0.41 x 10* 0.55 x 10* 0.48 x 10*
Regression equation (Y)?

Slope (b) 0.02215 0.001538 0.001321 0.001523 0.001386
Intercept (a) -0.12167 -0.0827 -0.03247 0.0241 0.0827
Correlation coefficient (r)° 0.9998 0.9583 0.9928 0.9967 0.9988

?y = bx + a, where x is the concentration in micro gram/millilitre (ug/ml)
b —

n=>5,
¢ Five replicates
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Table 3. Results for determination of corticosteroids in pharmaceutical products
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Drug Natural composition (mg) Steroid found (mg) Error (%)

Wysolone? 5 prednisolone 4.970 -0.6

Dexona® 0.5 dexamethasone 0.504 +0.8

Pe-sone® 0.5 prednisone 0.496 -0.8

Betnisol 0.5 betamethasone sodium 0539 +0.39
phosphate

& Marketed by, Wyeth limited

® Marketed by, Cadilla pharmaceuticals
¢ Marketed by, Cadilla pharmaceuticals
4 Marketed by, Glaxosmithkline India

ceuticals, do not interfere with the proposed method.
The applicability of the method for the assay of phar-
maceutical preparations was examined. The results of
assays of available tablets reported for steroids are re-
flecting the accuracy and precision in comparison to the
existing USP method.

The investigated corticosteroids are oxidized by iron
(111 chloride in the acidic medium and produce iron
(I1). The iron (I1) ion reacts with potassium hexacyan-
oferrate (I11) and produces bluish green iron (1) ferri-
cynide complex with an absorbance maximum at 780
nm as shown in Fig. 1. The reactivity of corticosteroids
towards reduction of iron (I11) appears to be, at least in
part, a function of their molecular shape, prednisone
possessing C11 carbonyl reacts the fastest with Fe®".
Similar behavior of steroids is reported with terazolium
blue reagent. The mechanism involved in the reaction of
corticosteroids is a two electron oxidation of ketol side
chain using iron (lll) as oxidizing agent and may be
illustrated as shown in Scheme 1.

The reaction conditions were established by varying
one parameter at the time and keeping the others con-
stant. The effect of concentration of iron (1) chloride
and potassium hexacyanoferrate (111) on the absorbance,
while keeping a fixed concentration of prednisone was
investigated. A maximum and constant absorbance was
found with 6.0 x 10° M concentration of FeCl; and 7.5
x 10 M concentration of K,Fe (CN)g , which were
therefore adopted as optimum. The color reaction oc-
curred at room temperature, though at high temperature
the color developed more rapidly (Fig. 2). The maxi-
mum absorbance was observed after 30 minutes of heat-
ing at 70+2°C. The temperature of 70 +2°C and a reac-
tion time of 30 minutes were selected for reproducible
results. The effect of the studied parameters of predniso-
lone resembled those of dexamethasone, prednisone,

betamethasone sodium phosphate, and hydrocortisone.

Aliquots of each steroids (20 pg/10ml) were ana-
lysed by the proposed method, and the absorbance were
determined (Table 1). The relative standard deviation,
varied from 0.30 to 1.06 within overall average of
0.68%.

The optimal characteristics and optimal data are
given in Table 2. The upper limit of Beer-Lambert’s
range was determined by a plot of absorbance versus
concentration at Amax (Fig.1). Beyond this limit (50
pg/ml); the correlation results were really affected. This
means that the current studies were carried out accord-
ing to the Beer’s law range given in Table 2. Hence the
absorbance was excluded above these limits to keep the
relationship linear. The stability of the products was
more than 2 hr. The applicability of the method for the
assay of tablets (above mentioned corticosteroids) were
tested for the determination of same in their pure form
and in proprietary drugs supplied by different compa-
nies containing other active ingredients (Table 3). The
results of assay of tablets of corticosteroids are summa-
rized in Table 3. The data are reproducible, and the as-
say of tablets was cross checked by the USP method,
which agreed favorably (Table 3). The performance of
the proposed method was compared statistically using
the Student’s t test and variance ratio f test. At the 95%
confidence level, the calculated t and F values did not
exceed the theoretical values.

The theoretical t value was 2.78 (for n = 5), and the
theoretical F value was 6.39 (for n = 5). From the results
given in Table 4, it was found that there was no signifi-
cant difference between the proposed method and the
official method, indicating that the proposed method
was as accurate and precise as the USP method.

The main advantage of the reported method for the
detection of the steroids is low costing and rapid assay

{|3H20H Hc|:= 0
C = O Feg_'_ ﬂ =
Y S R 0 + Fe?t
H
(I1) K3 Fe (CNJg + Fe?* ——> KFe[Fe(CN)s]+2K*

Scheme-1. Reaction sequence for the formation of products.
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Fig.1 : Absorption spectra of corticosteroids.

Singh and Verma

Absorbance

O 5 10 15 20 25 30 35 40
Time (min)

Fig.2 : Effect of variable on the absorbance of prednisone (20 pg/ml)
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Fig.3 : Plots of absorbance versus concentration

without sacrificing the sensitivity and accuracy.

The consumption of very common chemicals like
ferric chloride and Conc. Sulphuric acid which you can
find even most laboratories make this method very
handy cost wise. The usage of such cheaper chemical
will definitely reflect on the cost of the method. As far
as the time consumption is concerned, the total time to
carry out the complete experiment right from the begin-
ning is less than single hour and it will add up in the
values of the reported method.

The cost and time is the most serious concern where
we have focused while developing method without los-
ing the basics interest like sensitivity and accuracy.
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