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SUMMARY

Pharmaceutical grade griseofulvin in bulk and dosage form can be assayved
by a new gas-liquid chromatographic procedure. The method involves dissolution
in chloroform, injection into an OV-17 column, and normalization of the response
with tetraphenyvlcyclopentadienone as an internal standard. Dechlorogriseofulvin,
which is also found in all griscofulvin pharmaceutical products, can be determined
simultancously. Both components have been identified by mass spectrometry.
The griscofulvin IFood and Drug Administration Working Standard was critically
analyzed for impurities by gas-liquid chromatography and differential scanning
calorimetry.

INTRODUCTION

Griseofulvin  (7-chloro-2’,4,6-trimethoxy-6’#-methylspiro-[benzofuran-z(3H),
1’-[2]-cyclohexenel-3,4'-dione) is an antifungal antibiotic obtained as a metabolic
product from various species ol Penicillia. It is used primarily in the systemic
treatment of dermatomycoses.

Griseofulvin may be assayed by microbiological'=? or by chemical methods,
The latter include colorimetry?t; spectrophotometry either directly3, after acidic
conversion to isogriseofulvind, or after partitition chromatographic separation®;
fluorimetry directly? or after thin-layer chromatography?®; and gas chromatography,
as applied to simulated samples” and fermentation extracts!”. The spectrophotometric
method is the official method and the method of choice in the United States® and
in the United Kingdom!?,

This study presents and discusses the analysis of griseofulvin in pharma-
ceutical bulk and in dosage forms by direct gas-—liquid chromatography (GLC)
in chloroformm and normalization of the detector response with tetraphenylcyclo-
pentadienone. This method is rapid, simple, specific, precise, accurate, and reliable,
even when structurally related compounds such as dehydrogriseofulvin, dechloro-
griseofulvin, and/or isogriseofulvin, which are biosynthesized concomitantly with
griseofulvin, may be present in the final product. The differentiation of griseofulvin
from related compounds may be significant if these compounds have pharmacological

* Presented at the meeting of the American Pharmaccutical Association, Academy of
Pharmaceutical Scicnces, Houston, Texas, April 22—28, 1972,
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and toxicological propertics differing from those of the active principle of interest,
The method also provides for the simultancous determination of dechlorogriseo-
fulvin, which has been found in all griscofulvin products tested by GLC at the
National Center for Antibiotic Analvsis and whose qualitative characterization
has been corroborated by combination gas -liquid chromatography -mass speetro-
metry (GLC S Inoaddition, the determination of the purity of the FDA Working
Standard, as determined by GLC, has heen substantiated by differential scanning
calorimetry (DSC),

ENXNPERIMENTAL

A pparatus :

Gas iguid cliromatography. A DPerkin-I<lmer Model goo gas chromatograph,
cquipped with an inlet svstem modified to accommodate o one-picee gliss column
dircetly from the =ite of injection, and a flame ionization detector were used, together
with a 1-mV’ range recorvder (Honevwell KElectronilke 194) at a chart speed of o1 in,
2.54 mm)/min, and an clectronic integrator (Infotronics CRS-100) for peak arca
measurements. Column: glass, coiled, 3 t.(o.org m) - 4 mm LD., packed with
1% OV-rz on Gas-Chrom ), 1oo-.120 mesh (ready-coated from Applied Science
Labs,, State College, Pad). Temperatures: column®, 245 1 injector, 200 ; manilold,
2607, Carrier gas: helium at 6o mil/min and 50 p.sd; hyvdrogen at 22 psds; and
air at 30 p.sio (both adjusted for maximal response). Current: 2 - 1o ® A f.s.d.,
or adjusted to obtain peak height greater than 00, fs.d. depending upon peak
sharpness,

Gas diquid chromatographiv mass spectronctry. An o Ntlas CH-g4 mass spectrom-
cter connected to o GLC column (1.83 1m0 - 4 mm, glass), packed with 3¢, OV-1o1
on Gas-Chrom Q via a permeable membrane separvator as deseribed by Dastico
AND Barnon's,

An LKB Model gooo was used as proeviously cited™, except that a 1.83 m - 2
mm glass column packed with 1 ¢, OV-17 on Supeleoport was operated at an iso-
thermal temperature of 2707,

Crvoscopy. A Perkin-Elmer differential scanning calorimeter Model DSC-11
was used for the purity determination of the FDA Working Standard as deseribed
by PLATO AND GGLASGOWH,

Reagents

The solvent chloroform was reagent grade,

The internal standard solution tetraphenvievelopentadienone is dissolved in
chloroform to obtain a solution of about 3 mg/ml.

The reference standard (griscofulvin standard) used in this study was the
DA Working Standard with an assigned potency ol 1,000 pg/mg corrected  to
Ov3 ng/my (see text).

Sample preparalion
Bulk and standard malerials. About 1235 mg ol sample is accurately weighed
into a 25-ml volumetric flask and is dissolved in chloroform with vigorous stirring

" 245 is the preferred temperature for routine testing; 225° was used for some preliminary
testing (see Figs, tand 3).
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(Vortex), and the solution is diluted to volume. .\ 2.oo-ml aliquot is transferred
to o conical centriluge tube and evaporated to dryness on a =<teiun bath under o
current of dry air or nitrogen,

Solid dosage forms (capsules, tablets, boluses). An accurately weighed sample
from o blended pool of capsule contents, ground tablets, or boluses is stirred with
chloroform in o volumetric tlask, with gentle heat if necessary, until the active
principle is dissolved, The mixture is allowed to cool and scettle, and then diluted
to volume with chloroform, An aliquot of the supernatant, cquivalent to about
1o myg, is transferred to o centrifuge tube and evaporated as above,

Suspensions, A\ s5-ml portion (equivalent to 230 mg) of the mixed suspension
ix transferred to a separatory funnel and diluted to abont 25 ml with water. The
mixture is extracted once with 235 ml of chloroform and then twice more with 1o ml
ol chlorolorm, Lach extract is sequentially back-washed with 53 ml of water and
tiltered through o chloroform-moistened wind  of  glasswool: the filtered  extraets
are then combined into o so-ml volumetrie tlask and diluted to volume with
chlorolorm. A 2.oo-ml aliquot is transferred to a centrifuge tube and evaporated
as above,

Drocedure .

To cach dricd sample, .00 ml ol the internal standard solution is added and
the minxture is stirred vigorously to obtain a uniform =olution. One microliter of
this solution is injected into the gas chromatograph and the area of cach resultant
peak i measured by o suitable technique. The poteney of griscofulvin is determined
by direct comparison of the ratio of the peak aveas (griscotulvin/tetraphenyvley-
clopéntadicnone) with that of the griscolulvin standard treated in an identical
Jmanner,

RESULTS AND DISCUSSION

Preliminary investigation showed that methyvl-substituted silicones such as
OV-1 used as stationary phases produced chromatograms with excess peak tailing
and were of little practical use, especiallyin the analvses of Targe numbers of samples,
The packing used in this study, OV-17, isa 50 2, phenyl-substituted silicone polvmer
coated on lux-caleined, acid- and basce-washed, silane-treated diatomaceons carth,
The colummn was cured at 340 for a minimum of 1 h with no carrier gas low, and
then sample-conditioned at 250" with a helium tlow until a stable bascline was
obtained. The suitability test for inertness of support showed o single syimmetrical
peak for injected cholesterol with no evidence ol decomposition. This column
demonstrated an apparent efficieney of better than 1350 theoretical plates for
both griscofulvin and the internal standard, with a symmetry factor at 50, peak
height of about 1.4 for the former and 1.1 for the latter. .\ resolution factor of better
than 3.5 wax calculated for the system,

In order to verily the capability of this GLC system to resolve complex mix-
tures, o qualitative mixture of griscofulvin, dechlorogriscolulvin, dehydrogrisco-
fulvin, isogriscolulvin, and tetraphenyvievelopentadienone in chloroform was injected
into the gas chromatograph. The resulting chromatogram (Fig, 1) and those obtained
from similar solutions of cach component injected individually showed  sharp,
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symmetrical peaks that were well-resolved, except for dehydrogriseofulvin and
isogriseofulvin which merged together. The relative retention time for each of these
analogs is listed in Table 1. This kind of separation should prove most valuable
in quality control from initial crude fermentation materials to finished products.
The only detectable impurity peak found in chromatograms of all samples (bulk
and dosage forms) tested was tentatively ascribed to dechlorogriseofulvin, However,
the chromatogram of a crude bulk material also showed an additional impurity
peak which was ascribed to dehydrogriseofulvin, based on retention time. Proof
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TFig. 1. Gas chromatogram at 225° of a qualitative mixture of griscofulvin and related compounds,
(a) Dechloregriseofulvin; (b) griscofulvin; (c¢) dehydrogriscofulvin; (<) isogriscofulvin; (e) tetra-
phenylcyclopentadiencne (internal standard).

TABLEI

RELATIVE RETENTION TIMES OF GRISEOFULVIN AND SOME RELATED COMPOUNDS

GLC conditions: 3 ft. (0,014 m) X' 4 mm I'D, glass column packed with 19, OV-17 on Gas-Chrom
Q (1oo—r120 mesh); column temperature, 225°; helium carrier gas flow-rate, 6o ml/min; recorder
chart speed, o.1 in. (2.54 mm)/min,

Componnd Relative retention time
Dechlorogriscofulvin 0,60
Griseofulvin 1.00
Dechydrogriseofulvin 1,20
Isogriscofulvin 1.29
Tetraphenyleyclopentadienonc 2.02
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of identity may be established further by comparing retention times of unknown
and authentic samples on columns of different types and/or polarity. In this case,
however, corroboration of identity was obtained by combination GLC-MS as
discussed below,

Several solvents were initially tested for applicability in this analysis: benzene,
ethyl acetate, pyridine, acetone, and chloroform performed well, whereas various
alcohols, cyclohexane, acctonitrile, and dimethylsulfoxide did not. Chloroform
was selected because it is immiscible with water and volatile, facilitating sample
preparation, and exhibits minimal tailing.

In the preparation of bulk samples or standards, the evaporation step is not
really necessary but is recommended so that the procedure is consistent with that
of sumple preparation for the dosage forms.

Linear detector response was obtained for a hundred-fold range of a total
injected sample from o0.40 pug to 40 ug; the normal quantity injected was about
10 ug. Accordingly, a detectable limit of response has been estimated to be better
than 1 ng under the operating conditions described. In actual test, a 1-ng injection
was well detected with sensitivity to spare.

By using an electronic integrator for peak arca measurements, the precision
was calculated from five replicates of a standard solution injected at different time
intervals between samples during the course of a day. The coefficient of variation
was 0.49 %, for the griseofulvin peak normalized with the tetraphenylcyclopenta-
diecnone and about 29, for the dechlorogriseofulvin peak present at the 0.66 %
concentration level. A total of five injections from two separate weighings of the
crude material similarly showed a coefficient of variation of 0.33 %, for the normalized
griseofulvin peak, and 1.6 and 5.4 % for the dechloro- and the dehydrocongeners
present at the g and 0.7 %, concentration levels, respectively.

To determine the accuracy of the method, values obtained by GLC were
compared with those obtained by the official spectrophotometric method. The results
are listed in Tables Il and 1II for bulk and dosage forms, respectively. The GIL.C
analyvses are expected to be more reliable because they separate and compare
directly only to the griseofulvin peak exclusive of contaminants, whereas the UV
method relates to the total absorbance measured at 292 nm, irrespective of the variety
and quantity of contaminants that may be present. Thus, highly impure materials,
such as the crude bulk sample, would yield grossly aberrant results in the UV
method. By comparing both methods in the paired ¢ test performed on results
obtained on the certified bulk samples listed in Table II, a statistically significant
difference was observed between the official spectrophotometric method and the
GLC method. However, when results of the UV method were compared with results
obtained with the sum of both GLC peaks, no such difference was noted.

Analysis of timpurity

An impurity peak, tentatively identified as dechlorogriseofulvin based on
the retention time shown in Fig. 2, was found in the standard reference material
and in every batch of bulk or dosage form of the antibiotic analyzed by GLC. The
concentration range was found to be about 0.2—-1 % from one manufacturing source
and up to about 2 % from another. Corroboration and positive identity of the two
peaks was achieved by combination GL.C-MS. The electron impact mass spectrograms

“
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TABLE T

GLOC DETERMINATION OF GRISEOFULVIN BULK

Sainple Dechloro- Stadard (") Total (°,) Yo by ogiicial
(Ne) griseofulein (") by (1.C by (il.C method
by G1.C -
) dab, lLab, 2
1 007 (RIE IR Touo, o 1000 ON, O
2 1.0t 0, 3 asL3 Eh I O8N, O
3 L1y NS Too.0 1OO,0 ON. O
| 1,22 aNL7 [ IERY] 7. as,3
3 (INON uNL 3 aa, oSl ur.h
O 1,01 a7.8 aN.s usSLt TERE)
7 075 USLh aaL3 U3 aNL3
h .77 STRI aNL0 0.3 08,2
) 1,02 ausL3 RTINS a8, an..
10 007 a=,0 OO O8N0 078
11 0,00 070 [EhINY) aN 2 O, 2
[ .07 Gy, 1o, 0 100, 3 O8Nt
13 <O, 15 O, N 100,00 10 2.0 0.3
1.4 1,00 a8 5 STOIY OO 1000
15 0,53 OSL ul.qg aN,2 1000
1O 0,33 07.5 a7.0 (RIS IR aa.5
17 <015 a7.0 u7.S TOON 0.
S 0,00 N7 a3 QN2 0y, 3
140 0,57 (SIS PN ] aa, 7 03.3 S)S~7
20 048 97.0 (S 0y, 7 100,0
2T u.51 aNL 08,0 us,7 gy, 2
20 9,05 ()x\‘..] Oy, (ST 0.5
23 0,85 aagy 1Too, 0 ().\‘,7 1O071.0
AL 8,85 Ny, 2 O8N - O, 3
it Crude bulk material,
b [ncludes o.70%0 dehydrogriscotulvin,
TABLIE TIT
GLC DETERMINATION OF GRISEOFULVIN DOSAGE FORMS
Sample (Now) Label claim (ng) Diosage forin 1oend W of dabel claim
by GLC by official method
Lab, 1 lab, 2
1 500 tablots 101.3 100,83 07.9
2 500 tablets 101.0 90,0 08,0
3 250 tublets 102, 3 103,60 100,0
4 250 tablets 00,3 0.2 100.0
5 250 tablets Q8,2 06,0 1o1,0
0 250 tablets 072 97.0 1008
7 250 capsules 100.3 1044 04,0
R 250 capsules 100,1 1o0,8 a8,y
5) 125 capsules 3.5 0.8 -
10 50 (per ml) suspension Q8.6 gh,2 a0.H
1! 50 {(per ml) suspension 8.3 071 104.0

obtained from two different instruments showed the characteristic mass peaks
due to the molecular ions and fragmentation pattern of dechlorogriscofulvin and
griseofulvin as described and discussed by BALLANTINE AND FENwiIcK!®, The crude
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IFig. 20 Gis chromatogram at 245" of griscofulvin from dosage torms, (a) Dechlorogriscolulving
() griscofulving (v) tetraphenvievelopentadienone (internal standard),

g, 3. Gas chromatogram at 225° of crude griscotulvin, (a) Dechlorogriscofulving (h) grisco-
fulvin; (¢) dehyvdrogriseofulvin,

bulk material exhibited an additional peak which was ascribed to dehydrogriseo-
fulvin based on relative retention time (I7ig. 3). These griscofulvin substances have
proven to be quite stable as evidenced by the GLC peak shapes and the mass
spectrograms,

Standard reference material

Because the I'DA Working Standard was found to contain a small amount
of dechlorogriscofulvin, it was subjected to closer scrutiny, DSC as demonstrated
by Praro AND GrasGow! was considered an ideal adjunct in this case. The
corrclation between GLC and DSC was very good. The protocol of analysis, reported
in 1963 for this sample, gave a purity of 8.8 ¢, obtained by solubility analysis.
The GLC analysis showed 0,66 arca °, of dechlorogriscofulvin (uncorrected for a
possible differing response factor, but probably well within experimental limits),
and no other detectable impurities, giving a maximum purity of 99.34%,. These
compare to 0.76 mole 7, of impurity (or a purity of gg.24 mole v,) by DSC, which
in addition vields a corrected thermodynamic melting point of 216.6°, and a heat
of fusion (-1H) of 12,700 cal/mole.

Because of the high stability of these materials, preparative GILC may be
considered as a means of obtaining such reference compounds of very high purity.

J. Chromatogr., 70 (1072) 7380



So M. MARGOSIS
ACKNOWLEDGEMENTS

The author wishes to express his appreciation to Mzr, A, HoLroox, Analvtical
Group, Pharmaccutical Department, Tmperial Chemical Industries, Ltd., Great
Britain, for the generous gift of dechlorogriscofulvin and dehydrogriseofulving to
Mr. T. I5. V. Horsrey, The Chiel Analyst, Glaxo Laboratories, L.td., Great Britain,
for the generous gift of isogriscofulvin and crude griscofulvin; to Mr. J. N. Dawmico,
IFood and Drug Administration, Washington, D, €., and to MR, WirLL1aM COMSTOCK,
National Institutes of Health, Bethesda, Md., for obtaining mass spectrograms;
to Mrs. C. Prato, Food and Drug Administration, Washington, D. C,, for the
DSC curves: and to Mr, T. G, ALExaNDpER and Dr, W, W, WricHT, IFood and Drug
Administration, Washington, D. C. for continuous encouragement,

REPFILRENCES

1\, Drresaw, Proc., 3rd It Congr. Cliemother., 1003, 728=732; Cool., 64 (1000) g104b,

2 B Muerer, Lo ] Lasmeav, 19 P Sosaen ann R G Mwerek, J. Pharm. Scis, 38 (1960) 1302,

3 Code of IFederal Regulations, Title 21, Part 148g, 10771,

40 Mrzser anp AL Szany, Nature, 106 (1962) 1100,

5 N\ Hoerroowk, F, Batney anp G M, Bateey, /. Pharine. Plharmacol,, 15 (Suppl)) (1063) 2701,
6 A\, HoLsroor, ') Batniey axo G. M Baeey, J. Pharm. Pharnnacol., 15 (Suppl.) (1903) 27471,
7 C. Beprorn, K ], Caree axo 150 Gy Tosrenr, Nalure, 184 (1950) 304,

S Lo Lo Frsner axn S, Riecensas, o Cliroaatogr,, 21 (19606) 208,

g S, lavcenrn M. Yasasoro oND Tl Gorosanrt, [ Clhromatogr., 24 (1000) 182,

to K, ] Conek, Jo WL Kikksey anp Co 1L Hovapay, s ppl. Microbiol., 149 (1g70) 100,

t1 3ritish Pharmacopocia, 1063, p. 47,

t2 |, N Dastco ann R P BarroN, Anal, Cheme, 3 (1o71) 17,

r3 M. Mancasis, [, Pharm, Sci., 50 (1970) 301,

14 C.oPrara ann AL R Grasaoww, e, Aaal. Clene,, 41 (19060) 330,

15 1. A Banrantinie ann R Gy Fenwick, Org. Mass Spectrom., 2 (1060) 1145,

J. Cliromatogr,, 70 (1972) 73-80



