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There has been much speculation in recent years on the nature of the conjugates 

formed during metabolic transformation of the cannabinoids (1) but to date, only one such 

compound, a diacetate, appears to have been reported (2). Indirect evidence obtained by 

hydrolysis of metabolic fractions with P-glucuronidase has suggested the presence of small 

amounts of glucuronide or sulphate conjugates formed from A'- and A6-tetrahydrocannabinol 

(THC) (3, 4) and cannabidiol (CBD) (5). Direct evidence for the formation of glucuronide 

conjugates by a number of other drugs has recently been obtained by examination of the 

intact conjugate with combined gas chromatography-mass spectrometry (GC-MS) (6-9). Using 

this method during the study of the metabolism of CBD, a cannabinoid reported to compete 

with Al-THC for the drug metabolizing enzymes (lo), we have characterized the glucuronide 

metabolites of CBD and several hydroxy-CBD's as the major in viva hepatic metabolites in 

the mouse. 

Male mice (Charles River, CDl, 23 g) were treated with CBD (100 mg/kg i.p.) 

suspended in Tween-80 and saline at 26 h and 2 h before sacrifice. The livers were 

removed, and the metabolites were extracted with ethyl acetate and partially purified 

by chromatography on Sephadex LH-20 in chloroform as described previously (11, 12). 

The derivatized metabolite fraction was then examined by GC-MS using a V. G. Micromass 

12 B mass spectrometer interfaced to a Varian 2400 gas chromatograph (3% SE-30, 2 m x 2 mm) 

and a V. G. Data System type 2040. Gas chromatograms were run under temperature prog- 

rammed conditions (170° to 280' at 2'/min) and mass spectra were recorded continuously 

from 190° at 3 set/decade with a 2 set inter-scan delay. 

The GLC profile of the metabolic fraction as trimethylsilyl (TMS) derivatives 

contained a number of unconjugated metabolites (retention time 14-32 min), among which 

were the previously reported (13, 14) 6a- and 7-hydroxy-CBD. A second group of peaks 

which eluted from 38 to 50 min was produced by conjugates. The mass spectrum of the 

most abundant conjugate (retention time 39.5 min) exhibited a base peak at m/e 375 and -- 

contained ions at m/e 204 (5%), 217 (25%), 464 (7%) and 465 (5%) indicative of the -- 
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presence of glucuronic acid (7, 9). In addition the mass increases of 27, 18, 18, 36 and 

36 atomic mass units (a. m. u.) respectively shown by these ions in the spectrum of the 

ct9-TMS derivative (15) were also consistent with their possessing the structures of gluc- 

uronide fragment ions. The other major ions at m/e 458 (34%), 390 (38%1, 386 (23%), 

385 (14%), 337 (28X), 303 (23%) were produced from the aglycone and are characteristic 

of CBD. They also showed the appropriate shifts in the (i9-T&E spectrum. The ion at 

m/e 458 (equivalent to the molecular ion of CBD), -- arose by transfer of a TiMS group from 

the glucuronide moiety to the aglycone, a rearrangement reported to be specific for 

aromatic glucuronides (7, 9). The abundant ion at m/e 390 resulted from a retro-Diels- - 

Alder elimination of C5H8 (68 a. m. u.) from m/e 458 (16), and the ions at m/e 386 and 

385 were produced by cleavage of the CBD moiety with and without hydrogen rearrangement 

respectively. 

Confirmation of the presence of the glucuronide carboxylic acid group was 

obtained by the preparation of the methyl ester-TK‘S derivative. This reduced the 

retention time to 39 min and produced a spectrum in which the glucuronide ions at m/e -- 

375, 464 and 465 (TMS derivatives) were reduced by 58 a. m. u. showing replacement of 

a TMS group by a methyl group. Reduction of the conjugate with LiA1D4 to a primary 

alcohol introduced two deuterium atoms (base peak of TW derivative m/e 363), also -- 

indicating the presence of one acid group. Finally, hydrolysis of the metabolite 

fraction with P-glucuronidase at pH 5 in the presence of phosphate buffer (to inhibit 

sulphatase activity (17)) resulted in the disappearance of the conjugate peaks from 

the chromatogr~ and the appearance of unconjugated CBD (retention time 12.2 min). 

In addition, the increase after enzymatic hydrolysis in the size of the GLC 

peaks produced by 6~ and ?-hydroxy-CED suggested that these two metabolites could 

also conjugate with glucuronic acid. Peaks in the chromatogram of the TIES derivative 

of the unhydrolysed metabolite fraction at 42 - 45 min were subsequently identified as 

hydroxy-CBD glucuronides by the presence in their spectra of the glucuronic acid ions 

at m/e 204, -- 217, 375, 464 and 465 and the hydroxy-CBD ions at m/e 473, 474, 478 and -- 

546. These glucuronides also formed methyl esters (base peak m/e 317) and were reduced -- 

to primary alcohols with LiAlD4 with the incorporation of two deuterium atoms. In the 

spectrum of the largest hydroxy-CBD peak the presence of m/e 443 (loss of CH20TMS from -- 

the aglycone) together with the substituted tropylium ion at m/e 337 indicated that the -- 

conjugate was the glucuronide of 'I-hydroxy-CBD. In the other hydroxy-CBD glucuronide 

spectra, ions characteristic of the position of hydroxyl substitution were not abundant 

enough to enable definite structural assignments to be made. In the spectra of all 

these compounds, the presence of ions at m/e 546 and 478, produced by transfer of a -- 



TMS group to the hydroxy-CBD moiety, indicated that the glucuronic acid was conjugated 

to an aromatic rather than to an aliphatic hydroxyl group (7, 9). 

In summary, the major in viva metabolites of CBD have been identified by 

GC-MS as the glucuronides of CBD and 7-hydroxy-CBD. Indirect evidence provided by 

enzymatic hydrolysis also indicated the presence of the corresponding conjugate of 

Go-hydroxy-CBD. 
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