
proteins. These results show that entrapment of drug could resemble a 
drug-protein interaction a t  a sufficiently low ratio of K1 to Kz. This re- 
sults from the decrease in drug available for diffusion from V2 to the 
external sink. At low values of the K1 to Kz ratio, as drug is removed from 
Vz,  i t  is not immediately replaced by drug from within the erythrocytes; 
the end result is the same as if the drug had actually been bound by the 
erythrocyte. 

Dynamic dialysis may be a useful method for the study of drug en- 
trapment since equilibrium methods cannot be used to determine 
transport rate constants of drug out of erythrocytes. However, it is im- 
portant not to confuse drug entrapment by erythrocytes with true 
drug-erythrocyte complexation. 
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Abstract 0 A commercial sample of dexamethasone sodium phosphate 
solution for injection was found to contain 56% of the label concentsation 
and to be extensively contaminated (-50%) with a white insoluble solid, 
which was identified as a mixture of the 16a- and 16P-methyl epimers 
of 9-fluoro-11~-hydroxy-16-methylandrosta-l,4-diene-3,17-dione. 
High-performance liquid chromatography (HPLC) was used to separate, 
identify, and quantitate these epimers and to determine their presence 
in commercial samples. One epimer was identified by HPLC comparison 
with a synthesized specimen of 9-fluoro-ll~-hydroxy-l6a-methylan- 
drosta-1,4-diene-3,17-dione. The second peak was identified as the 
16fi-epimer by epimerization of the synthesized tr-component with alkali 
to obtain a product whose chromatogram matched that of the impurity. 
These conclusions are supported by data obtained by IR and UV spec- 
trophotometry, TLC, and the blue tetrazolium test. 

Keyphrases 0 Dexamethasone sodium phosphate-analysis, high- 
performance liquid chromatography, identification of impurities in a 
commercial sample, epimerization o High-performance liquid chro- 
matography-analysis of dexamethasone sodium phosphate and im- 
purities in a commercial sample Epimerization-dexamethasone so- 
dium phosphate in a commercial solution 

Drug samples contain various impurities: drug inter- 
mediates, by-products, and degradation products intro- 
duced during manufacture, packaging, or storage, as well 
as products of the interaction of such substances with ex- 
cipients in the sample or with the drug itself. These im- 
purities constitute physiological and mechanical hazards. 

For example, during degradation, the structure of the 
compound may retain active or modified active centers 
that, through structural relationship to the intact drug, 
may bestow undesirable physiological activity or toxic 
properties on the decomposition product. An example of 
a physical or mechanical hazard is the presence or forma- 
tion of insoluble substances during intravenous injec- 
tion. 

CH,O P( ONa ). 
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A sample of dexamethasone sodium phosphate [9-flu- 
oro-ll@,l7,21-trihydroxy -16cu- methylpregna -1,4- diene- 
3,20-dione 81-(dihydrogen phosphate) disodium] (I) so- 
lution for injection was found to contain a suspended white 
solid. After examination by high-performance liquid 
chromatography (HPLC), TLC, UV and IR spectropho- 
tometry, thermal microscopy, and reaction with blue tet- 
razolium, the solid was identified as a mixture of the 16a- 
and 16D-methyl epimers of 9-fluoro-1 lfi-hydroxy-16- 
methylandrosta- 1,4-diene-3,17-dione (11). 

EXPERIMENTAL 
Materials-Dexamethasone and dexamethasone sodium phosphate 

NF reference standards were used. Reagent grade chloroform, methylene 
chloride, methanol, acetone, hexane, squalane, sodium bicarbonate, so- 
dium sulfite, tetrahutylammonium hydroxide, anhydrous magnesium 
sulfate, acetic acid, and concentrated hydrochloric acid were used as re- 
ceived. 

Dexamethasone acetate' was checked by melting point and comparison 
of its IR spectrum with a published spectrum (1). Sodium bismuthate 
analytical reagent' (assay for NaBiOs, 80.0-85.oq6) was used as obtained. 
A reagent grade solution of sodium hydroxide? (50% by weight) was used 
for the epimerization work. 

Instruments-A grating IR spectrophotometer4 (mineral oil mulls 
on sodium chloride plates), a "/near-IR spectr~photometer~ (UV 
spectra obtained from solutions in methanol), and a high-performance 
liquid chromatograph6 were used. All melting points were taken by 
thermal microscopy with a microscope7 and a Kofler melting-point 
stage. 

HPLC-Instrument parameters included a microparticulate, re- 
versed-phase column8, 3.9 mm x 30 cm; a 50% methanol-water mobile 
phase; and a tlow rate 012.0 ml/min. Retention times, in terms of the 
distance from injection to peak appearance on the chart paper in con- 
comitant runs, were converted to capacity factors (2). 

Sublimation-Sublimation was effected by placing crude material 
in a 0.5-ml sublimation beaker, covered with a watch glass, directly on 
a hot stage maintained within 230-240'. 

TLC-A limited study was made with TLC strips or plates, 6-7 cm 
long, by upward development in an equilihrated chamber. Chromato- 
graphic sheetsg, high-performance platesI0, and reversed-phase platesI0 
were used. All thin-layer materials contained a fluorescent indicator. 
Spots were visually located by placing the plates or strips under shortwave 
U V  light. 

Preparation of 9-Fluoro-1 l@-hydroxy-16a-methylandrosta- 
1,4-diene-3.17-dione (1Ie)-Following the procedure of Rausser and 
Oliveto (31,240 mg of'dexantethasone was oxidized by sodium bismuth- 
ate; 140 mg 0 1  product should have been obtained (3) .  However, yields 
of only 22--30 mg were consistently obtained. The reduced yield was at-  
trihuted to the insolubility of the product in the highly dilute acetic acid 
solution and could be improved by modifications described under Results 
clnd Dircu,ss~on. 

The synthetic 17-ketone (Ha) was dissolved in methanol and examined 
by HP1,C. A capacity factor (2)  of 8.01 was observed, and the areas of 
extraneous peaks in the chromatogram were estimated as being less than 
1% o f  the area of the major component. 

Epimerization of I Ia  to 16-Methyl Epimeric Mixture (11) Fa- 
voring @-Isomer-To 15 mg o f  the 17-ketone (Ila) was added 1 ml of 
anhydrous methanol and 0.5 ml of 50% aqueous sodium hydroxide, re- 
sulting in a pale-orange solution. The mixture was stirred a t  room tem- 
perature f o r  l i)  min, followed hy addition of 6 ml of distilled water, which 
caused precipitation of'a white solid. The solid (10 mg) was collected, 
washed three times with distilled water, and allowed to dry overnight. 

The solid was subjected to thermal microscopy (2"/min), which gave 
sintering at 1;16', initial needle tormation at  222" with the entire mass 

I Scheriny ( ' i i rp . .  1';rnilworth. NJ 07033. 
Ilinckrorlt ('hrmicol Works. St. Louis, MO 63160. 

y Iur ('lieniiciil Co.. SI. 1,ouis. MO 63144. 
ode1 337. I'erkin-Elmer Cory., Norwalk. CT 06856. 

* pRmdapak CLx. Waters Assixiates, Miiford. MA 017.57. 
9 ('hrumagra~ii, si l~cn gel tiOtjO and alumina 6063. Eastman Organic Chemicals 

I ( '  4HI 'F  atid HPF Nonoigrain. Quaiituni Industries, Fairfield. Nd 07006. 
Divisim,  Rastmnn liodak ('c)., Rwhester. N Y  14ti50. 

laced with needles a t  239O, and melting a t  230-254O to an orange liquid. 
The material was dissolved in methanol and examined by HPLC. Ca- 
pacity factors (2) of 7.96 and 8.97, which correspond to a relative retention 
n (2) of 1.13, were observed. The areas of extraneous peaks in the chro- 
matogram were estimated as being less than 1% of those of the major 
components. 

Description and Preparat ion of Sample-The vials contained a 
white precipitate in a pale-yellow solution of pH 7.2-7.3. The contents 
of each drug vial, 5 ml. labeled to indicate 4 mg of dexamethasone phos- 
phate (equivalent to 4.4 mg of dexamethasone sodium phosphate)/mI, 
were extracted three times with a total of 20 ml of chloroform. The sep- 
arated chloroform layers were combined and then washed with 10 ml of 
deionized water containing 1 drop of 50% NaOH, followed by a wash with 
15 ml of deionized water. The chloroform was removed by evaporation 
under a nitrogen flush while the mixture was warmed gently on a steam 
bath. 

The residue was dissolved in methanol for UV examination (Amax 240 
nm) and HPLC study (capacity factors 7.93 and 8.92, relative retention 
1.12). If treatment with the dilute alkali wash was omitted, the same 
HPLC peaks with the same relative peak heights were obtained, but 
paraben (preservative) peaks also appeared. The paraben-free residue 
was dried over phosphorus pentoxide overnight, leaving a crude white 
solid, mp 249-252' dec. Observed with a melting-point stage (l'/min), 
rapid sublimation began a t  223" and colorless needles developed from 
the residual solid; as these needles melted, the mass laced with needles 
became an orange melt. Some sintering with formation of orange spots 
occurred during melting. 

The residue isolated from the sample was soluble in chloroform, 
methanol, and acetone and was insoluble in ether, hexane, water, and 
dilute aqueous sodium hydroxide. I t  was recrystallized from acetone- 
hexane by dissolving the material in acetone and adding hexane in small 
portions while boiling until turbidity developed. On cooling in an ice bath, 
crystals separated immediately and were collected and washed with cold 
hexane-acetone (31)  to give a white solid, mp 246-2510', 

A solution of the crude impurity in methanol did not reduce blue tet- 
razolium". Therefore, the impurity contained neither free dexametha- 
sone nor other steroidal a-ketols. 

UV spectra of all materials were examined just before analysis by 
HPLC to assure that a maximum absorbance appeared a t  240 nm. This 
precaution was necessary because these materials decomposed under 
certain conditions; a methanolic solution of the drug impurity exhibited 
maximum absorbance a t  253 nm after storage in a clear glass container 
for about 1 month. 

RESULTS AND DISCUSSION 

The synthesized n-epimer (Ha),  the synthesized epimeric mixture (II), 
and the impurity from the sample gave spectra that, in the IR carbonyl 
region (1600-1800 and UV region (A,,, 240 nm), were identical. 
The IR spectrum of I1 closely matched that of the impurity; both spectra 
showed peaks at  1744.1770, 1630,1615,1238.1010, and 920 cm-'. The 
IR spectrum of the a-epimer closely matched the major peaks reported 
for that compound by Gut (4) .  

Two modifications were devised to recover additional adsorbed product 
(u-epimer) from the spent sodium bismuthate oxidant. First, in a method 
similar to one used by Gut (4), the solids collected by filtration were 
treated with aqueous sodium sulfite and concentrated hydrochloric acid 
until they dissolved, and the chloroform extraction procedure was re- 
peated on the solution. This procedure yielded an additional 160-175 mg 
01 product. Alternatively, it was found that the solids could be dried in 
air and then extracted with acetone in a soxhlet apparatus. After the 
extract was dried with anhydrous magnesium sulfate and the acetone was 
removed on a steam hath, this modification yielded an additional 170-190 
nig of product. The latter procedure is preferred, because it avoids any 
possibility of halogenation. 

The batches of Ila obtained by these procedures were examined by 
thermal microscopy (l"/min) and gave a melting point of 244-247' [lit. 
(4)  mp 245-249'1; practically all material passed quickly into the melt; 
a few crystals lingered to the higher temperature range, suggesting the 
occurrence of thermal epimerization. Hardly any sublimation was ob- 
served. 

The 17-keto impurity was determined quantitatively by extracting a 
new vial of the sample injection with chloroform, evaporating the chlo- 
roform, dissolving the residue in methanol, and injecting the methanolic 

' I  Sigma Chemical Co.. St .  Louis. MO 63178. 
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Table I-TLC of Drug  Impurity, 16a-Methyl-17-ketone (IIa), 
Epimeric Product f rom 16a-Methyl- 17-ketone, and 
Dexamethasone Acetate 

Adsorbent Solvent Svstema R i b  
~~ 

Silica gel Methanol-water 0.80 
Butyl acetate 0.62 

Alumina Methanol-water 0.81 
Alumina with 2% squalane' Methanol-water 0.62 

Butyl acetate 0.92 
Acetonitrile-water 0.45 

High-performance silica gel Methanol-water 0 80 

Reversed phase Methanol-water 0.00 

a Mixed solvents were used in 1:1 proportions. Sin le values given because all 
compounds gave identical A/ values in each system. #ach plate was dipped twice 
in 2% squalane in n-pentane just before use. 

solution into the chromatograph. The reference standard used was a 
portion of the dried residue previously isolated from a chloroform extract 
of three other vials and examined by IR and TLC. The amount of 17-keto 
impurity found was 1.4 mg/ml (corresponding to 2.2 mg of dexamethasone 
sodium phosphate/ml) and was calculated by use of the larger of the two 
peaks in the epimeric mixture. Analysis for dexamethasone sodium 
phosphate by the USP XIX procedure (5) gave 2.45 mg of dexamethasone 
sodium phosphate/ml, 5696 of the stated value (4.4 mg/ml). The amount 
of impurity thus calculated accounts for the shortage avd suggests oxi- 
dation of a dexamethasone derivative as the source of the impurity. 

Primary TLC screening consistently suggested that the white, water- 
insoluble precipitate in the dexamethasone sodium phosphate sample 
was comprised of a single component and that it was dexamethasone 
acetate. This latter compound generated R/ values identical with those 
of the impurity from the sample in various systems (Table I). In most 
cases, aqueous methanol was used as the developing solvent since this 
solvent was used in HPLC. Two adsorbents, reversed-phase precoated 
platesl0 and squdane on alumina, were used to approximate the re- 
versed-phase conditions provided by the high-resolution HPLC column8. 
In reference to thermal microscopy of dexamethasone acetate, Ref. 6 
notes that rods develop from the residual crystals during the melting- 
point determination; this phenomenon also was observed in this labo- 
ratory when the melting point of the impurity was determined with a 
melting-point stage. 

Despite these data, the IR spectrum of dexamethasone acetate was 
distinctly different from that of the impurity. Dexamethasone acetate 
displayed two sharp carbonyl peaks a t  1730 and 1750 cm-', whereas the 
impurity showed only the peak a t  1744 cm-I. In addition, when a mixture 
of dexamethasone acetate and the impurity was examined, a depressed 
melting point was observed. HPLC on the reversed-phase column dem- 
onstrated that the impurity consisted of two components, which eluted 
86 a single peak when 40% acetonitrile was used as the mobile phase but 
separated into two peaks when 5096 methanol was employed. This result 
confirmed that the impurity was not dexamethasone acetate, which had 
a much larger capacity factor (13.80). 

An attempt was made to separate the epimers by sublimation. Long, 
fine, single needles grew from the material up toward the watch glass. 
These long needles were easily separated from the remaining material 
and melted a t  257-259O; no signs of sintering (orange coloration) before 
melting were noted. A smaller amount of material, including some fine 
short needles, mp 237-257", collected on the watch glass. 

TLC of the crude, recrystallized, and sublimed (mp 257-259') mate- 
rials on silica gel gave spots with the same Rf when the chromatogram 
was developed with methanol-water (1:l). HPLC demonstrated that the 
sublimate was still a mixture, now containing a majority of the epimer 
that eluted last. Recrystallization gave a' product that  contained ap- 
proximately equal amounts of the epimers. 

The integrity of the steroidal A ring in the impurity was indicated by 
absorption in the UV region. Both A4- and A'v4-3-ketone moieties in the 
A ring show absorption a t  240 nm (7). The observed shift of the UV 
wavelength of maximum abaorbance in aged methanolic solutions of the 
impurity, stored in closed, clear glass containers, probably resulted from 
a photochemical transformation at  the A ring of the steroid. Prednisolone 
acetate, for example, can undergo such photocatalyzed transformations 
a t  the A1s4-3-keto group, leading toother compounds that absorb in the 
UV region (8). The IR spectrum of the impurity was also similar to that 
obtained for steroids with A rings that contain an n,&unsaturated car- 
bony1 function and showed absence of bands characteristic of the 
-CH*OPO*O- group found in dexamethasone phosphate or its sodium 
salt. 

The negative blue tetrazolium reaction for steroidal cu-ketols suggested 
that cleavage had occurred a t  the C17 position. Cleavage may result from 
oxidation a t  the Clr side chain, and the possible products from such a 
reaction-aldehydes, acids (such as etianic acids), and the 17-ketone- 
were discussed by Cohen in his review on dexamethasone (7). Of these 
candidates, the IR examination appeared to eliminate aldehydes. Fur- 
thermore, it seemed likely that the acidic compounds could be eliminated 
from consideration, since they would be expected to elute rapidly from 
the lipophilic HPLC column or t o  be removed in the sample preparation 
steps when the chloroform extracts were washed with dilute aqueous 
alkali. Thus, the 17-ketone was the most likely candidate. 

T o  confirm this deduction, an independent synthesis of the 17-ketone 
analog of dexamethasone by the method of Kausser and Oliveto (3)  was 
undertaken. Because only minute quantities of impurity were available, 
it was decided to use direct syntheses of the 16n- and 16D-methyl com- 
ponents of the impurity as reference standards instead of fractional 
crystallization, sublimation, or isolation and identification by HPIX; 
since the compounds were not completely resolved, the latter technique 
would have required careful timing during the collection of the eluted 
fractions. 

HPLC (Fig. 1, curve 2) of the synthesized 17-ketone (Ila 1 gave a single 
peak and showed a retention time identical with that of the first peak (Fig. 
1, curve 1) in the chromatogram of the impurity. This match established 
the first, larger peak in the chromatogram of the impurity as the one 
representing the a-epimer of 11, since there is no reason to expect inver- 
sion or even racemization a t  the C16 position of dexamethasone after 
oxidation with sodium bismuthate. 

An epimerization of the 16a-methyl-17-ketone (IIa) was devised to 
generate the epimeric 16-methyl mixture of the 17-ketone (II), and these 
epimers showed retention times in HPLC (Fig. 1, curve 3) that were 
identical with those of the two components in the impurity of the drug 
sample. The 1R spectrum of the impurity closely matched that of the 
epimeric mixture of the 17-ketone obtained by alkali treatment of the 
l6m-methyl optical isomer. TLC consistently gave spots with the same 
R/ values (Table I) for the synthesized l6a-methyl isomer of the 17- 
ketone (IIo), the epimerized ketone (I]), and the impurity, and the ep- 
imers did not separate with the chromatographic systems used. 

The synthesized a-epimer showed less tendency to sublime in the m a s  
during melting-point determination than did the impurity containing 
the /3-epimer. The sublimed long needles growing from the impurity were 
higher melting and were shown by HPLC to be predominantly the 
P-epimer. Some sublimate, which collected on the watch glass cover of 
the sublimation apparatus, melted at a lower temperature but showed 
no change in the ratio of the HPLC peaks when compared to the original 
impurity and may have suffered slight decomposition during sublimation. 
The long needles appeared to collect a t  a higher temperature near the 

Figure I-Liquid chromatogram of ( I )  drug impurity, (2 )  16m- 
methyl-17-ketone ({la), and (3)  epimerized 16m-methyl-27-ketone ({I). 
Only that portion of the chromatogram showing 17-ketones is repro- 
duced. 
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hot stage by seeding directly on the material so as to favor the a-epi- 
mer. 

The presence of the solid impurity was somewhat obscured by the dark 
glass container used to protect the injection solution from decomposition. 
The mechanical hazards from the presence of large amounts of an in- 
soluble 17-ketone (11) in an injection solution are obvious. Possible ad- 
verse physiological activities, especially in larger doses, are obscure, be- 
cause pharmacological studies on such impurities are limited. The sit- 
uation is further complicated by the fact that the 16a- and 16@-methyl 
compounds (11) may show distinctly different activities. 

Lodge et al. (9) reported that, of six manufacturers ofdexamethasone 
for the Canadian market, five produced products containing up to 2% of 
the 17-ketone (11). These investigators found the same extent of con- 
tamination with the corresponding 17-0x0 oxidation product in predni- 
sone and prednisolone tablets on the Canadian market. Massive con- 
tamination (50961, as described in this report, and even lower levels could 
result in pronounced physiological activity caused by the presence of 
the 17-0x0 contaminant, since patients on corticosteroid therapy may 
already be exposed to 0.4 mg of oxidation products daily. Some andro- 
genic side effects of corticosteroids may be due to impurities (10). 

Concerned that known unfavorable anabolic-androgenic ratios, which 
can occur from 17-keto or 17-hydroxy substitution, might be observed 
with dexamethasone. Lodged al. (9) studied the anabolic and androgenic 
activities. They found that I1 had no demonstrable organ-stimulating 
effect; it caused a significant decrease in weight in the levator ani muscle 
but showed no inhibition of androgenic and anabolic activities. Their 
results (9) did indicate possible catabolic activity for this impurity; 
dexamethasone, particularly, is known to have catabolic effects (11 ). 
Drugs related to betamethasone may be expected to be subject to the 
same type of contamination from a 17-0x0 product, consisting of, in this 
case, the 16/3-methyl epimer (IIb) (peak to the left in Fig. 1, curve 1).  
Alternatively, the same epimeric mixture obtained from the dexameth- 
asone sodium phosphate sample would he expected when oxidation is 
accompanied by epimerization a t  the ketonic a-position. 

The analysis method described here would apply in either case and 
possibly also in cases where cleavage occurred a t  a steroidal position 
to generate a 17-ketone. The presence of an epimeric 17-0x0 product as 
an impurity in dexamethasone sodium phosphate suggests that the oxi- 
dation occurred under acidic or basic conditions favorable to epimeri- 
zation at  the tu-position of ketones. Dexamethasone itself is known to be 
highly sensitive to air oxidation; under basic conditions, 50% oxidation 
of the a-ketol side chain occurs within 6-8 min (12). This reaction and 
its mechanism have been studied extensively in the case of the kinetics 
of the base-catalyzed degradation of prednisolone (13). 

In this study, the ease with which the dexamethasone degradation 
products could be determined by HPLC and the possible resolution 
provided by the reversed-phase column (14) simplified laboratory 
analysis. These advantages also gave a fast solution to problems en- 
countered in the initial work by TLC, which did not separate the epimers 
and gave coincidental matching of Rf values with the R/ value of dexa- 
methasone acetate during the first attempts to identify the impurity. 

Significant interest has developed in the use of HPLC for analysis of 
epimers, e g . ,  the determination of the 15-epimer of dinoprost in bulk 
drugs (15) and the assay for foreign epimeric steroidal impurities in 
methandrostenolone (16). In the latter case, one epimeric impurity ex- 

hihits an unfavorable anabolic-androgenic ratio; because of this serious 
problem, the presence of the impurity in any significant amount is un- 
desirable and its detection is important. The use of HPLC for detection 
of epimers or  various diastereoisomers responsible for specific undesirable 
physiological properties may become increasingly important in quality 
assurance programs. 

A TI,C method that distinguishes between the oxidation products was 
reported recently (17) (R/  values reported for the 16-methyl 17-ketones 
of dexamethasone and hetamethasone were 0.60 and 0.59, respectively). 
A new quantitative TI,C method, which is sensitive enough to allow de- 
termination o f  (Y to @ ratios and which is useful for the analysis of large 
numbers of these 16-methyl-17-ketones in quality assurance programs, 
will shortly be reported hy this lahoratory. 
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