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Summary. The differential pulse polarographic determination of corticosteroids in single- 
component tablets is described. The active compounds are extracted from the excipients 
with a solvent with similar lipophilicity as the polarographic solvents, with a yield of 
about 100%. The corticosteroid esters and alcohols are determined by standard addition 
methods. The standard deviations range from 0.5 to 2.5% depending on the excipients 
and on the method of extraction. 

In part 2 [l] of this series, the differential pulse polarographic (d.p.p.) 
determination of corticosteroids in solutions, suspensions, ointments and 
creams was described. This Part deals with the determination of corticosteroids 
in tablets. In pharmacopoeias, a calorimetric method based on extraction of 
an aqueous soIution (or suspension) of the tablet with chloroform and deriva- 
tization of the corticosteroids with tetrazolium blue is usually recommended_ 
The absorbance is determined at 485 nm and compared with the absorbance 
of standard solutions. In practice, only experienced analysts can achieve 
acceptable standard deviations (see, e.g. [ 51). Even in its improved forms 
[6--81, the method is time-consuming. Brower [9] semi-automated the pro- 
cedure and obtained standard deviations of about 1%. A direct photometric 
determination based on the absorption band at 240 nm has been described 
[lo] but its poor specificity has been mentioned by Gar6g and Sz&z [ll]. 

In this work, an attempt was made to apply the minimal clean-up procedure 
described for the assay of “liquid” corticosteroid formulations [l] to single- 
component tablets. The lipophilicity of the polarographic solvents described 
previously [l, 121 and of the corticosteroids (3 hydroxyl groups and 2 car- 
boxy1 groups) allows preliminary procedures similar to those in reversed-phase 
liquid chromatography to be used, i.e. dissolution and centrifugation of the 
sample; the supematant liquid can then be used directly for the determination 
[13-151. In liquid chromatography an internal standard is needed. The main 
difference from the assay of “liquid” formulations is the necessary phase 
transference of the corticosteroids. The desorption and dissolution depend 
on the adsorptive forces, the kind and size of the granules [ 161, and the solu- 
bility of the steroid and excipients. Complete disintegration and/or dissolution 
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of the tablet need an aqueous solution, whereas complete dissolution of 
corticosteroids needs a non-aqueous solution_ In practice, the optimum is 
methanol or ethanol. Yadav and Teare [17] dissolved the tablet mass in 
ethanol or methanol before mixing with Stirensen buffer pH 5.6 for d-p-p. 
Cantin et al. [18] applied a two-phase extraction of progesterones in tablets 
before d.p.p. Chatten et al. [ 191 determined progesterones in tablets by d.p.p. 
in DMF or ethanol, but needed a time-consuming pre-concentration step. 
Only Deys and van Pinxteren [ 203 dissolved the tablet directly in the (aqueous) 
polarographic solution before d-c. polarography. 

In tablet analysis, either several tablets, e.g. 20, are powdered and vigorously 
mixed and a portion is analysed, or one tablet is powdered and the whole is 
analysed. In the latter method the variation per tablet can be measured for 
content uniformity tests. In the former method, the standard deviations are in- 
fluenced only by chemical and instrumental parameters [17,19] whereas in 
the second method the standard deviation includes the deviation per tablet 
[20, 211. The necessity of procedures suitable for single tablets is illustrated 
by the results of Steinigen and Briine [ 221 on the uniformity of prednisolone, 
prednisone, and desamethasone tablets_ In the single-tablet assay proposed 
here, the standard addition method applied avoids the addition of the (mostly 
unknown) excipients to the calibration solutions [21], and differential pulse 
polarography offers the sensitivity required_ 

Experimental 
Apparatus and chemicals. The d.p.p. curves were recorded with a PAR 174 

polarograph and a Brucker E310 modular electrochemical system, both of 
which were equipped with a drop timer, a Houston 2200-3-3 X-Y recorder, and 
a Metrohm Polarecord E506 with polarographic stand E505. The instrument 
settings were: scan rate 2 mV s- ‘, drop time 2 s, modulation amplitude 100 
mV. 

A water-jacketed (20 i: 0.2’C) lo-ml polarographic cell (Metrohm EA880- 
T-5) was employed with a dropping mercury electrode, a Metrohm EA432 
Ag/AgCl reference electrode and a platinum wire auxiliary electrode. The salt 
bridge of the reference electrode was filled with the supporting electrolyte_ 
A piston microburette (Metrohm E457) was used for standard additions_ 

The reagents for the supporting electrolytes were methanol (Nanograde, 
Mallinckrodt), methanol (zur Analyse) and tetramethylammonium hydros- 
ide (TMAH, 10% zur Polarographie, Merck). All reagents were used without 
further purification_ 

Procedures. A d.p.p. curve of 10 ml of 0.03 M ThlAH in methanol was re- 
corded after deaeration with osygen-free nitrogen [ 231 for 15 min. Then a 
suitable amount of the sample (usually in 1 ml of solvent) was added, to give 
a concentration of 10-3-10-5 M steroid. After deaeration for 1 min, the 
polarogram was recorded. A small volume of a standard solution of the pure 
steroid in methanol (containing about the same amount of steroid as the 
sampIe) was then added and, after deaeration for 1 min, the poIarogram was 
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again recorded_ Dilution on addition of the standard should not exceed 110, 
otherwise a correction is needed. 

Two methods were tested for extraction of the active compounds from the 
tablet. In Method 1, one tablet was mixed with a suitable amount of methanol 
(usually 10.00 ml) and disintegrated by ultrasonic vibration for 5 min. Most 
of the commercially available tablets disintegrated completely and the yield 
of the corticosteroid was about 100%. A suitable aliquot of the solution was 
used for polarography, 

In Method 2, the tablet was mixed with 1.00 ml of water and, after disinte- 
gration, the slurry was mixed with 9.00 ml of methanol to dissolve the 
corticosteroid, A correction was necessary for contraction on mixing, be- 
cause the final volume was only 9.85 ml. 

Resuits and discussion 
Table 1 shows the results of the analysis of corticosteroid-containing 

tablets. The tablets disintegrate in water but the corticosteroids do not dis- 
solve to any great extent. For complete desorption, a solvent such as methanol 
is needed but then all the granular material may not disintegrate completely; 
relatively large particles can remain in sample solutions even after ultrasonic 
vibration for 30 min. Of the two extraction methods described under Experi- 

TABLE 1 

Assay of the dosage forms and standard deviations based on 5 determinations with one 
tablet per determination 

Name Source Active constituent Content Found Method R.s.d. 

(me) (mg) (70) 

Adreson Organon cortisone acetate= 
Cortisone Acetate Organon cortisone acetatea 

Hydrocortisone Organon hydrocortisonea 
Betnelan Glaxo betamethasonea 

Prednisolone Organon 

Prednisone 

Prednisone WSG Organon 

Decadron MSD 

Ledercort Lederte 

Ledercort Lederle 

Kenakort Squibb triamcinoloneb 4 

Organon 

prednisolonea 

prednisone= 

prednisonea 

desamethasonea 

triamfinoloneb 

triamcinoloneb 

25 
25 
25 
20 

0.5 

5 

5 

5 

0.5 

2 

8 

25.0 1 1.8 
24.7 1 1.4 
24.9 2 0.8 
20.2 2 0.8 

0.50 1 1.9 
0.51 2 1.7 
5.0 1 1.5 
4.8 2 1.7 
5.0 1 0.9 
4.8 2 2.2 
5.0 1 0.5 
4.8 2 1.2 
0.50 1 2.7 
0.43 2 7 
1.9 1 12 
1.4 2 10 
8.0 1 0.7 
6.2 2 1.9 
3.9 1 1.1 

“Obtained in pure form from Nogepha. bObtained in pure form from LederIe. 
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mentaI, Method 1 is preferable, if applicable. Method 2 needs extra manipu- 
lations and the extraction seems to be less compIete after contact of the 
corticosteroids with water (see Table 1). Ultrasonic vibration after mixing 
methanol and water sometimes increases the yield [ 24]_ 

Analysis of differen f types of tablet 
Triamcinoione tablets. The Ledercort tablets containing 2 mg of tri- 

amcinolone gave a large standard deviation which included instrumental and 
chemical parameters as well as content uniformity. To reduce the effect of 
content non-uniformity, 10 tablets were powdered and 5 samples of this 
powder were analysed by Method 1; the standard deviation was then 0.9%. 
Obviously, the content uniformity of these tablets was not good. The high 
adsorptivity of triamcinolone was illustrated by the results of a vigorous 
powdering procedure with a mortar and pestle of triamcinolone Z-mg tab- 
lets: Method 1 gave a content of only 1.6 mg_ A similar experiment with 
Ledercort 8-mg tablets gave a result of 6.5 mg per tablet. It seems that mech- 
anical forces can make the adsorption of this rather hydrophilic steroid to 
the tablet excipients irreversible [ 111. 

Hydrocortisone tablets. The linear diffusion current-concentration range 
of hydrocortisone is shorter than that of other corticosteroids: 10-“-10-5 M 
hydrocortisone. The sample and standard solutions were adjusted to lie within 
this range. This limitation is being investigated. 

Befamethasone and dexamethasone tablets. The differential pulse polaro- 
gram of dexamethasone in 0.03 M TMAH in methanol in the range of 10m6- 
lo-’ M have been presented [ 12]_ The first reduction peak, caused by pinacol 
formation, decreases with decreasing concentration; the second peak, caused 
by alcohol formation, which in the lower concentration range slightly over- 
laps the first peak, is scarcely affected by decreasing concentration_ Conse- 
quently, the calibration plot of the first peak deviates sIightIy from linearity 
in this range. The fluorine-containing corticosteroids betamethasone and 
dexamethasone are administered in such small amounts that the standard 
addition method can be applied only with an experimentally determined 
slightly bent calibration plot. 

Cortisone acetate tablets. Formulations of cortisone acetate containing 
aerosil gave lower results than those without aerosil (about 12%). Addition 
of aerosil to pure cortisone acetate confirmed this. The highIy adsorptive 
character of the surface of the aerosil particles (silicon oxides) must be the 
cause. 

The authors thank Organon International B-V., for kindly supplying some 
of the preparations and Dr. H. Hindriks and Mr. J. van Gorp (Organon) for 
helpful discussions_ 
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