
Val. 55, Aio. 10, Ocfober 1966 

ohtaincd from thr standards. Lktiuct differences 
can be noted between t h e  standards a t  t h e  90% 
and l l O r ,  concentmtions. 

RESULTS 

‘The method has been applied t u  six commercial 
rlosage forms containing reserpine arid other active 
iiigrcdients. The results arc shown in Tahlc I. 
(The active ingredients, rauwolfia serperltina and 
protoveratrines A and B,3 wcrr also separated on a 
thin-layer plate. Reserpine and the protoveratrines 
were not quantitated against staridard reserpine 

trinc mixtures. j The commercial 
tablets were obtniricd on the open niarkct in bottles 
of 5U or 100, and single tablets of each were used 
lor assay. None oi the activc ingredients or 
cxcipients present in the tablets interfered in the 
clctcmnination of rcxcrpinc. 

Table I1 slioivs a comparison of results obtained 
from the detcrniination of reserpine and proto- 
veratrine A in tablets containing reserpine, proto- 
veratrinc A, arid hydroflumethiazide’ by the proposed 
single tablet tnetliod i~ersus the U.S.P. method (1)  
for reserpine and the protoventtrine A procedure 
ol Craig and Jacobs (2), using multiple-tablet 
extracts. 

DISCUSSION 

Sensitivity.-From 2 to  f j  pl. of the workirig 
standard solution was spottcd on a platc. Thc 
plate was derclopcd and sprayed with the rengent. 
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I h e  lower liniits of reserpine ; t i i d  protoveratrinc 
A that can bc dctwtcd are 0.9 ~rnd 1.44 I I I ~ ~ . ,  
respectively. 

Interferences.-- Kcsc-rpiiic w s  hydrulyzctl in aii 
alkaline mediurri acrordiiig to thc  mcthod of Keuss 
(8). The products, rescrpic acid a d  trimethoxy- 
hcnzoic acid, were dissolved in  cliloroform at a 
conccntration equivalent to that of the workilix 
standard solution and cliroinato,qraphcd in thc 
usual fashion. Rescrpic acid and trimethoxyberizoic 
acid do riot react with the reagent. When the 
plate is exposed to ultraviolet light, faint fluorescent 
spots are observed at the origin. 

When the staridard stock solution of reserpinc 
and protoveratrine -4 is exposcd to briglit light for 
approximiitely 4 hr., diluted, and chroinatographrd, 
fluorescent spots are observed a t  the origin and a t  
an R f  of 0.5 to 0.5X. These spots arc not found on 
a developed plate when freshly prepared, light- 
protcctcd standard solutions arc chromatographed. 
Excipients and active components found in the 
seven formulations reported above do not iiiterferc. 

I .  

3 Marketed as Kaupi-uCe tablels by The Vale Chemical 
Co., Inc., Sllentown, Pa. 
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Determination of Hydrocortisone and Hydrocortisone 
Acetate in Antibiotic Mastitis Preparation 

By ALFRED BRACEY, LEON GARRETT, and PETER J. WEISS 

A modified column partition chromatographic method has been developed for the 
determination of hydrocortisone and hydrocortisone acetate in antibiotic mastitis 
preparations. A sodium bicarbonate trap under a methyl alcohol-water stationary 
phase in Celite is used with two mobile phases. First, the interfering oil is eluted 
with methylene chloride-isooctane, then the steroid to be assayed by the blue tetra- 
zolium method is eluted with methylene chloride. This procedure shows a marked 
improvement over the U.S.P. XVII hydrocortisone ointment method in the removal 
of interferences and results in satisfactory assays for the two steroids in mastitis 
formulations. Recoveries of the steroids added to blank mastitis preparation\ 
ranged from 90.3 to 100.9 per cent. The average percentage of recovery for hy- 

drocortisone and hydrocortisone acetate was 96.9 and 9 8 . 2 ,  respectively. 

URI icosiEKoms ha\-e been incorporated in a hydrocortisone acetate, are d t c n  used i n  oirit- C large number of drug preparations, pri- ments and oils for the treatment of mastitis in 
marily for their anti-itdammatory activity. dairy animals. These inastitis preparations fre- 
Two of the most coininon, hydrocortisone and quently contain procaine penicillin G and a 
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Preparation of Column.-Lsc cithcr glass c v m l  or 
a fritted disk as the column support. Add 1 nil. of 
8% sodium bicarboiiatc aqueous solution to 2 Cm. 
of Celitc in a small bcaker, mix well, and transfer t ( J  

the column in three portions, gently packing each 
portion with a tamping rod made of glass or stainlcss 
stcel. Add 3 ml. of methyl alcohol-water (1 + 1 ) 
to 6 Grn. of Celite, mix well, and transfer to  t h e  top 
of thc bicarbonatc column in several portiolls, 
packing gently after each portion. 

Preparation of Sample.--Accurately measure or 
wcigh a sample of mastitis preparation containirig 
2 mg. of steroid into a 150-ml. beaker containing 1 
Gni. of Celite and mix thoroughly. Transfer this 
mixture to  the column. Dry wash the beaker with 
0.5 Gin. of Celite and add to thc column. 

Preparation of Standard.-Place into a 150-1111. 
beaker an aliquot equivalent to  2 mg. of thc appro- 
priatc steroid reference standard dissolved in ethyl 
alcohol and cvaporatc to  dryness on a stram bath. 
1)issolve the residue iti 1 rnl. of methyl alcohol, 
add 1 nil. of water, and mix well iuto 2 Gin. of Cclitc. 
Trausfcr to a column and treat standard and sarnylc 
alike. This procedural standard gave assay v:tlucs 
between 98 and loo?;, of a direct standard. 

Elution of Column-Add portions of nicthylenc 
chloride-isooctane (1 + 9) to a sample beaker arid 
transfer to the column. Collcct 100 ml. of eluate 
with a flow rate of 1 drop/sec. Discard the eluate 
and use the same container to add rncthylenr 
chloridc to the column. Collect 100 ml. of eluate 
in a volumetric flask a t  the samc rate. 'I'his ineth- 
ylrne chloride fraction contains the steroid. 

Spectrophotometric Assay.--Evaporat.c :I. 10.0. 
nil .  aliquot of the mctliylene cliloride fraction iri a 
50-ml. glass-stoppered conical flask to dryness 011 

a steam bath under a gentle stream of air. Adtl 
20.0 ml. of ethyl alcohol to the flask, swirl to COI11- 

plete solution, and add 2.0 ml. of bluc tctrazolium 
solution (400 mg. in 100 ml. of ethyl alcohol) and 
2.0 ml. of diluted tetraiuethyl ammonium hydroxide 
(1 d .  to  10 ml. with ethyl alcohol). After 45 min.. 
stop the reaction by adding 1.0 nil. of glacial acetic 
acid. The color is then stable for 24 hr. Dctcr- 
mine the absorbance of the solution against a reagent 
blank a t  520 mw on a suitable spectrophotonieter, 
and compare with the standard treated in like 
fashion. 

RESULTS AND DISCUSSlON 
Development of the Assay Procedure.--Initially 

the colurnn was rriade with 1 ml. of methyl alcohol- 
water (1  + 1) per gram of Celitc. Incomplete 
(X0-&5(,;;,) rccoverics of steroid were obtaiiicd. h 
clianxc to 0.5 nil. of stationary phase pcr gralll ol 
Ccliic iiriprnved the rccovcrics to over :)5';,;,. 'l'hc 
initi:il iiiobilc pli:tsc for rcmrrving the oil W:IS :I 
iiictliylciic clilr,ritlc-isooctatlf inixlure ( 2  + 8).  
I<ccovc.ry cspcriiriciits sliowed that this s'olvcwt wits 
satisfactory for the hydrocortisotic alcohol hut not 
for hydrocortisone acetate because of some loss i i i  

the initial elution. A change to methylene chlo- 
ride-isooctane (1 + 9) proved satisfactory, not only 
in reinoving the oil but also in yielding satisfactory 
recoveries of both steroids. In addition to the 
above steroids, satisfactory recoveries were ob- 
tained with prednisolone, prednisolonr acetate, and 
dcxarriethasone alcohol during the investigational 
phase of this work. Some interfering substances 

lien. propylparaben, papain, chlorobutdnol, cobalt 
sulfate, and polyvinylpyrrolidone. Aluminum 
monostearate or colloidal silica is frequently used 
as a gelling agent. 

Of the several chemical methods widely used 
for the assay of steroids (1-4), the blue tetra- 
zolium method, official in U.S.P. XVII and 
N.F. X I I ,  with ininor modifications was chosen 
for this study. 

The U.S.P. XVII mel.hod for hydrocortisone 
ointment provccd unsatisfactory for mastitis 
preparations. Assays for hydrocortisone re- 
vealed positive interferences (ranging from less 
than 1 to  399;b and varying with the manufac- 
turer) when blanks were used which contained, 
in all cases, procaine penicillin in an oil base 
together with some of the above-mentioned 
adjuncts. The main interfering substances are 
procaine penicillin G and the oil. 

A Celite chromatographic column with methyl 
alcohol-water as  the stationary phase and 
methylene chloride-isooctane as the mobile 
phase is useful for removing fat ty  alcohols while 
retaining the steroid; the steroid can then be 
eluted with methylene chloride (5). This method 
is applicable t o  ointments containing steroids and 
is especially effective for removing the interfering 
substances contained in lanolin. 

,4 modilicatjon of this method is presented for 
the determination of hydrocortisone and hydro- 
cortisone acetate in antibiotic mastitis prepara- 
tions. It consists of the following: (a) inserting 
a sodium bicarbonate t rap  under the methyl 
alcohol-water stationary phase to  prevent pro- 
caine penicillin from interfering; (b)  changing the 
concentration of methyl alcohol-water ( I : 1) 
stationary phasc from 1 ml./Gm. of Celite to 
0.5 ml./Gm. to  improve recovery; (c) changing 
the isooctane-methylene chloride mobile p1iase 
to  accommodate the polarity range of the two 
steroids; (d) packing the column with Celite 
support mixture in dry form rather than as a 
suspension in  isooctane-methylene chloride 
mobile Illiase, and placing the sample on tllc 
column in a Celitc mixture rather t l lm in an 
isnort:tnc~ nictliylcnc chloritlc suspcnsion. The 
Cclif c inixt~uc tccliniqiic proved iiiore satis- 
i:tctory in tlic authors' cxpericncc. Dctails of the 
iuodificd assay procc(1ut-c arc as follows. 

ASSAY PROCEDURE 

Apparatus.-Chromatographic column, 15 mm. 
i.d., and 450 mm. long with Teflon stopcock. 

Reagents-Celitc 545, methyl alcohol, isooctane, 
methylene chloride, glacial acetic acid, tetramethyl 
ammonium hydroxide (10% in water), bluc tctrazol- 
ium (Dajac Laboratories); ethyl alcohol, sodium 
bicarbonate. All reagents are reagcnt grade. 



I,'ol. s i .  Yo, 10, Octobeu 1966 1115 

T A B L E  I.-INTERFF:KRNCB I N  DETERMINATION OF STEROIDS I S  BLASK FORMULATIONS O F  h'fASTITIS I'REPARA- 
TIONS CONTAINING N O  SIRROII ) "  

~ ~ _ _ _ ~ _  ~ ~ _ ~ _ _ _ _ _ _ ~ ~ - _ _  - ~~~~ ~ ~ ~ _ _ _ _ _ _ _ _ _  

Apparent Steroid Content, mg./Gm. - 
IIydrocortisone Ointment 7- New Method--- ~ 7 

U.S.P. XVII Method for 

Mfr.  Anal. 1 Anal. 2 Anal. 1 Anal. 2 Anal. 3 
I 0.29 0.63 0.10 0.00 0.01 

0.44 
0.53 
0.17 
0.01 
11.25 

0.78 
0 . ,59 
0.35 
0.00 

0.17 
0.10 
0.07 
0.  Oi 
0.16 

0 .  10 0.10 
0.04 
0.06 

. . .  
0 .02  

0 . 0 1 . . .  
0.05 0 .07  

TABLE II.-RECOVERY OF STEROID ADDED TO BLANK FORMULATIONS 
... _ _ _ ~  .... _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~  .___ 

~ 

Hydro- 
IIyd1-0- cot-tisone 

cortisone Recovery. 7 0 - p  - Acetate - -Recovery, Yo- --- 
hrfr. Added, mg. Anal. 1 Anal. 2 Anal. 3 Added, mg. Anal. 1 Anal. 2 

I 2.00 98.1 97.2 . . .  2 . 0 2  98.0 98.5 

3 2 . 0 3  100.0 99.3 . . .  2.02 98.3 99.5 
4 2.03 . . .  94.6  2.02 95.0 100.9 

2.00 . . .  . . .  94.5 . . .  . . .  . . .  
"03 97.7 98.1 . . .  2.02 96.5 95.0 
2 . 00 . . .  . . .  90.3 . . .  . . .  

2.00 . . .  MX.4  . . .  . . .  
i 2.00  98.0 9 . . .  2.02 100.1) 100: 3 

I 

.________ - .  ___ 

T A B L E  11 I.-DETEK.VlINATION OF STEROIDS I N  COMMERCIAL PREPARATIONS 
~ ~ ~ _ _ _ _  - ~ ~ ~ _ _ _ ~  ~ 

Label Claim, u/o uf Label 
Mk.  Steroid mg./Syi-ingeu Results Claim 

1 Hydrocortisone acetate 20 22.4 112.0 
1 Hydrocortisone acetate 20 21.1 105.5 
3 Hydrocortisone acetate 20 20.1 100.5 
4 Hydrocortisone acetate 20 21.9 109.5 
) Ilydrocortisone acetate 20 18.5 92.6 

IIydrocortisone 20 18.3 91 .5  
92.2 2 Hydrocortisone 20 18.4 

3 H ydrocortisonc 20 22.0 110 .o 
T Prednisolone acetate 4 3.71 92.8 

6, 1 

~.___ ~ ~- - 
Syringes tested ranged from 6 t o  12 Gin. total content. 

from the preparations being tested still passed 
through the column. On the assumption that the 
interference vvas caused by the procaine penicillin G 
and/or its degradation products, a sodium bi- 
carbonate trap was placed on the bottom of the 
column. This removed alnlost all of the inter- 
ference. A stronger alkaline trap would un- 
doubtedly be satisfactory in holding back the inter- 
fcrcnce but would encourage the degradation of the 
steroid. A comprehensive study of interfcrencc by 
antibiotics and other pharmaceutical ingredients 
in the various assay mcthods (2-4) is in progress. 

Hydrncnrt isnne and hydrocortisone acetatc car- 
ried through this column procedure were examined 
by thiri-layer chromatography (6). N o  degrad:i- 
tion was observed. 

Preliminary experiments indicate that this 
chromatographic system is also applicable to a large 
number of aqueous preparations, ointments, lotions, 
and creams containing antibiotics and steroids. 

Application of the Assay Procedure.--'l'hc inter- 
fcrcnces caused by blank inastitis preparations, 
which contained all itigredicnts except the steroids 

(obtained through thc courtcsy of six manufac- 
turers), when tested by the U.S.P. XT-I1 rncthod for 
hydrocortisone ointment and by the new procedure, 
are shown in Table I. 

As shown in Table 11, the recoveries of steroids 
added to blank mastitis ointments range from 
90.3 to IOO.O7,  for hydrocortisone and 95.0 to 
100.97, for hydrocortisone acetate. These re- 
covery data were based on direct standards rather 
than procedural standards. 

Table I11 shows that the hydrocortisone and 
hydrocortisone acetatc content of nine commercial 
preparations assayed by the new procedure ranncd 
from 91.5 to l12yo of label claim. 
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