tabolism in humans. Acetaminophen appears to be
excreted in the urine primarily as acetaminophen
sulfate when administered to rats in doses compara-
ble to human doses. In contrast, the glucuronide
conjugate constitutes the largest fraction of the dose
of acetaminophen excreted in the urine by humans.
Therefore, results from studies of the interference by
other drugs upon acetaminophen conjugation in the
rat cannot be readily extrapolated to similar situa-
tions in humans. This possibly explains why Rama-
chander et al. (4) observed an interaction between
acetaminophen and salicylate in rats while Levy and
Regardh (7) could not demonstrate this in humans.
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Decomposition of Cannabidiol in
Chloroform Solution

Keyphrases 0O Cannabidiol—stability in chloroform and ethanol,
GLC, TLC g Stability—cannabidiol in chloroform and ethanol,
GLC, TLC

To the Editor:

Concurrent with our investigation of the stability
of the cannabinoids, we observed what appeared to
be an unusually large loss of cannabidiol when stored
in a chloroform solution. Since chloroform is fre-
quently employed in cannabinoid extraction and
analysis (1-10), we felt it imperative to investigate
the stability of cannabidiol in this solvent. Previous
reports on the stability of cannabinoids in solution
were concerned primarily with crude marijuana ex-
tracts. Kubena et al. (11) reported that cannabidiol
was one of the cannabinoids present in a 43-year-old
alcoholic solution of marijuana extract, and Turner
et al. (12) recently indicated that the extractable
cannabinoids, including cannabidiol, are stable in
chloroform for at least 6 days. However, we wish to
report a marked decomposition of cannabidiol in
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Table I-—GLC Analysis® of Cannabidiol in
Ethanol and in Chloroform

Cannabidiol Cannabidiol-
Peak Area” Steroid Ratio*
B(Chloro- D(Chloro-
Day A(Ethanol) form) C(Ethanol) form)
0 100 100 1.00 1.00
1 105 91 1.02 0.88
2 85 61 0.97 0.68
3 80 54 0.96 0.56
4 85 34 0.89 0.31
5 82 23 0.97 0.19
6 86 14 0.96 0.09
7 87 9 0.97 0.04
8 84 5 0.96 0.01

@ Average of two or three determinations where integrated peak area dif-
ferences were not greater than 8%,. b Percent relative to the peak area on
Day 0. ¢ Normalized to 1.00 on Day 0; actual values on Day 0 were 1.10
for C and 1.05 for D.

chloroform as compared to its relative stability in
ethanol.

Four 1-ml solutions, each containing 1.0 mg of
cannabidioll, were prepared: Solution A, in absolute
ethanol; Solution B, in spectrograde chloroform?;
Solution C, in absolute ethanol containing 1.0 mg 4-
androstene-3,17-dione® (steroid) as an internal stan-
dard (7-9); and Solution D, in spectrograde chloro-
form containing 1.0 mg of steroid as an internal
standard. Except during analysis, the solutions were
stored at room temperature in the dark in tightly
stoppered 1-m] volumetric tubes.

The GLC analysis was performed using a gas chro-
matograph? equipped with a digital integrator® and
dual 0.6-cm (0.25-in.) by 1.8-m (6-ft) glass columns
packed with 3% OV-17 on 100-120-mesh Gas Chrom
Q. The experimental conditions were: injection port
temperature, 232°; detector temperature, 240°; col-
umn temperature, 218°; and nitrogen flow rate, 50
ml/min8. Dual flame-ionization detectors were em-
ployed, and the attenuation was adjusted so that a
1.0-u]l sample of each solution produced a cannabi-
diol peak of approximately 70% full-scale deflection
on Day 0.

The data (Table I) show that there was a signifi-
cant decrease in the cannabidiol content in chloro-
form, even in the first 24 hr, while the cannabidiol
content in ethanol remained essentially unchanged.
The GLC data of Solutions A and B represent abso-
lute values of peak areas and are subject to the usual
experimental variations?”. The consistency of the
cannabidiol to steroid ratio in Solution C indicates
that the cannabidiol content in ethanol is relatively
stable and does not decrease as might be concluded
from the data for Solution A alone.

The TLC technique employed was that of Korte et
al. (10). After impregnation with dimethylformam-

1 Received from Dr. Monique Braude, Department of Health, Education,
and Welfare, U.S. Public Health Service, National Institute of Mental
Health, Bethesda, Md.

2 Fisher Scientific, Fair Lawn, N.J.

3 E. M. Laboratories Inc., Elmsford, N.Y.

4 Perkin-Elmer model 990.

5 Infotronics.

8 Retention times: cannabidiol, 6.1 min; and steroid, 17.1 min.

7 Ahsolute peak area stability could not be maintained because of the
necessity of daily removal of the columns from the instrument.



ide—carbon tetrachloride (3:2) and air drying, the
plates® were spotted with 1.0-u] aliquots of the four
solutions and standards of Al- and A1® _tetrahydro-
cannabinol!. Visualization was accomplished by
spraying with 0.1% aqueous di-o-anisidine tetrazoli-
um chloride®. The TLC data paralleled that of the
GLC in the disappearance of cannabidiol from the
chloroform solutions. Initially, a single orange com-
ponent (R; 0.13) was present in all solutions. For 15
successive days, the solutions of cannabidiol in etha-
nol (A and C) remained unchanged. However, in the
case of the chloroform solutions (B and D), the size
and color intensity of the spot decreased in the first
24 hr; by the 8th day, the presence of cannabidiol
could not be detected in these solutions. Concomi-
tant with the disappearance of cannabidiol was the
appearance of a deep-orange spot at the origin.

On the 9th day, a “micro”’1® Duquenois-Levine
test (13) was performed on 5.0-u1 aliquots of the four
solutions. The ethanol solutions (A and C) showed
strongly positive results while the two chloroform so-
lutions (B and D) were negative, indicating the ab-
sence of cannabidiol or of Al- or AY® .tetrahydrocan-
nabinol (14). Formation of cannabinol or of A1l- or
AX® _tetrahydrocannabinol in the chloroform solu-
tions was not observed in either the GLC or TLC
analyses, as determined from the retention and R
values of authentic samples!. However, a new peak
(representing less than 1% of the original cannabidiol
content) was present near the Al-tetrahydrocannabi-
nol region in the 8th-day gas chromatograms of the
chioroform solutions. This peak may correspond to
the major pyrolytic product of cannabidiol reported
by Kuppers et al. (15). In addition, the chloroform
solutions developed a deep-yellow color while the
ethanol solutions remained colorless throughout the
analysis.

Thus, the decomposition of cannabidiol in chloro-
form solutions, but not in ethanolic solutions, was
demonstrated by GLC, TLC, and colorimetric analy-

8 Silica gel, 250 um, on glass, Brinkmann Inc., Westbury, N.Y.
9 Fast Blue Salt B, E. M. Laboratories.

19 One hundred microliters of Duguenois reagent, followed by 5 drops of
concentrated hydrochloric acid, is added to the residue from the 5-ul ali-
quots in a 2-ml glass vial. Within 3 min, a pinkish-violet color is produced.
Then 200 x1 of chloroform is added with stirring; a violet color in the or-
ganic layer indicates a positive test for cannabinoids.

sis. Caution shotuld be exercised in the use of chloro-
form as a solvent for prolbnged extraction and stor-
age of cannabidiol. Further study on the stability of
cannabidiol in other solvents and the elucidation of
the nature of the decomposition products is in prog-
ress.

(1) K. D. Parker, J. A. Wright, A. F. Halpern, and C. H.
Hine, Bull. Narcotics, 20, 9(1968).

(2) A.E. Robinson, ibid., 23, 37(1971).

(3) H. M. Stone and H. M. Stevens, J. Forensic Sci. Soc., 9,
31(1969).

(4) R. A. de Zeeuw and J. Wijsbeek, Science, 175, 778(1972).

(5) P. S. Fetterman, N. J. Doorenbos, E. S. Keith, and M. W.
Quimby, Separatum Experientia, 27, 988(1971).

(6) P. S. Fetterman, E. S. Keith, C. W. Waller, O. Guerrero,
N. J. Doorenbos, and M. W. Quimby, J. Pharm. Sci., 60,
1246(1971).

(7) C.E. Turner and K. W. Hadley, ibid., 62, 251(1973).

(8) Ibid., 62,1083(1973).

(9) C. E. Tumner, K. W. Hadley, P. S. Fetterman, N. J. Doo-
renbos, M. W. Quimby, and C. Waller, J. Pharm. Sci., 62,
1601(1973).

(10) F. Korte, H. Sieper, and S. Tira, Bull. Narcotics, 26,
35(1965).

(11) R. K. Kubena, H. Barry, III, A. B. Segelman. M. Theiner,
and N. R. Farnsworth, J. Pharm. Sci., 61, 144(1972).

(12) C. E. Turner, K. W. Hadley, and K. H. Davis, Jr., Acta
Pharm. Jugoslav., 23, 89(1973).

(13) W. P. Butler, J. Ass. Offic. Agr. Chem., 45, 597(1962).

(14) C. G. Pitt, R. W. Hendron, and R. S. Hsia, J. Forensic
Sei., 17, 693(1972).

(15) F. J. E. M. Kuppers, R. J. J. C. Lousberg, C. A. L.
Bercht, C. A. Salemink, J. K. Terlouw, W. Heerma, and A.
Laven, Tetrahedron, 29, 2797(1973).

James M. Parkerx
Mitchell L. Borke
Lawrence H. Block
Todd G. Cochran

Department of Pharmaceutical Sciences
School of Pharmacy

Duquesne University

Pittsburgh, PA 15219

Received December 7, 1973.

Accepted for publication March 25, 1974.

Supported in part by U.S. Department of Justice Fellowship
Award 73N199017 to J. M. Parker.

The authors thank Mr. Charles McInerney, Director of Pitts-
burgh and Allegheny County Crime Laboratory, for the use of fa-
cilities and instrumentation, and Dr. Monique Braude for sam-
ples of the cannabinoids.

xTo whom inquiries should be directed.

Vol. 63, No. 6, June 1974/971





