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SUMMARY 

A method for separating unconjugated and conjugated d9- 
tetrahydrocannabinol-1 l-oic acid, the major urinary metabolite of dg-tetrahydrocan- 
nabinol in man, by liquid-liquid extraction and detection of both forms by thin-layer 
chromatography is described. The unconjugated form of the metabolite is extracted 
with hexane-diethylether (65:35), and the conjugated form (which remains in the 
aqueous phase) is extracted with ether after enzymic hydrolysis. The residue of each 
extract is chromatographed in an alkaline and an acidic solvent sequence, and the 
metabolites are detected with Fast Blue Salt B. 

INTRODUCTION 

The principal aim in studies of drug metabolism is to identify the pathways by 
which drugs are transformed in the body, and to ascertain quantitatively the impor- 
tance of each pathway and intermediate’. In order to identify these pathways, re- 
covery and identification of metabolites are usual early steps. Thus, analytical pro- 
cedures that separate metabolites, either individually or into groups of colnpounds, 
are of primary importance in the technology of methods used for identifkation. 

In-our studies of the metabolism of d9-tetrahydr ocannabinol (THC) we have 
used a multi-step extraction procedure by which, after enzymic hydrolysis and liquid- 
liquid extraction with heme and anhydrous diethyl ether (ether) under various pH 
conditions, urinary metabolites were seaparated into four fractions, viz., non-polar 
and polar neutral compounds, and .weakly polar-and more polar acids2+. -Recently, 
we :.-found that the -conjugated-.-- neutral metabolites and conjugated- -d9- 
tetrahydrocaim a&nol-11-oic acid (THC4 I-oic acid) were extracted. (with the un- 
conjugated forms of these-metaholites) itito ether from u&ydrolyzed .uriue when it 
was a@di&&;-Until this .observation,- the assumption had been that conjugated me- 
taholitg of-TgC were‘not eXtracted from unhydrolyzed urine with ether7*8_ 
. .i -’ :-We=now r&port-a method for. se&rating Unconjugated and conjugated THC- - _ 
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1 I-oic acid, the major urinary metabolite of THC in man, by liquid-liquid extraction 
and detecting both forms by thin-layer chromatography (TLC). 

EXPERIMENTAL 

Metizod 
Extraction of mconjrrgated THC-1 I-oic acid. A volume of urine containing up 

to 50 mg of creatinine is adjusted to pH 4.7 to 6.3 and concentrated by evaporation in 
a Buchi rotary evaporato9. The concentrate is transferred to a 25 x I50 mrc_ screw- 
capp.-‘d culture tube (sect) and diluted to 10 ml with water. and the tube is stoppered 
with a PTFE-lined screw-cap_ The liquid is extracted twice with 15 ml hexule-anhyd- 
rous diethyl ether (65:35) by shaking vigorously at 225 t-pm for 2 min each time on a 
reciprocating shaker with the long axis of the tube in the direction of shahing. After 
each extraction, the tube is centrifuged at 200 RCF for 3 min, and the hexar.e-ether 
extract is transferred with a pipet and a 3-bail-valve pipet filler to another 2’ x 150 
mm sect; the aqueous phase is reserved to be processed for conjugated THC-I I-oic 
acid. The combined hexane-ether extracts are evaporated to dryness in a stream of 
nitrogen in a water bath at 5O’C, and the residue is dissolved in 15 ml of-ether_ 
The_ solution is washed once with 10 ml of 5 7; NaHCO, solution by shaking as 
described above for 1 min. The tube is centrifuged briefly to separate the two phases 
quickly, and the NaHCO, layer is removed with a pipet and pipet filler and discarded. 
Approximately I g of anhydrous granular NazSO, is added to the ether solution, and 
the tube is stoppered, inverted three or four times and centrifuged briefly- The dried 
ether solution is poured through a small glass funnel into a 20 x 125 mm sect in a 
manner such as to avoid transfer of any NazSO,. The NazSO, is washed once with 5 
ml of ether. which is added to the contents of the sect, and the ether solution is 
evaporated as previously described. The inner wall of the sect is washed down with 
0.5 ml of ethanol, which is then evaporated, and the residue is dissolved in 30 ~1 of 
absolute ethanol and stored at freezer temperature until chromatographed as de- 
scribed below. 

Extraction of conjugated THC-1 I-oic acid. Without further adjustment of pH, 
the aqueous phase from the extraction of the unconjugated metabolite is incubated 
with 0.1 ml of jP-glucuronidase-arylsulphatase at 5560°C for 30 ming. The hydrol- 
ysate is cooied to room temperature and extracted with ether (15 ml x 2) by shaking 
vigorously as previously described for 1 min. After each extraction, the tube is centri- 
fuged at approximately 2000 RCF for 3 min to separate the two phases quickly, and 
the ether extracts ai;e transferred to another 25 x 150 mm sect. Between extractions, 
the ether of of the first extract is evaporated in a stream of nitrogen in a water bath at 
50°C The ether extract is washed twice with 5 % NaHCO, as previously described, 
then the processing is continued as described above. 

The residues of the unconjugated and conjugated fractions are transferred, as a 
streak, to a pre-coated silica gel G TLC plate (Analtech, 250 m) with 30 and 20 ~1 of 
absolute ethanol. The origin is 2.5 cm from the bottom of the plate, and the solvent 
path is 10 cm. Chromatography is carried out in two tanks each saturated with its 
solvent mixture9. The ftrst development is with acetone<hloroform-triethylamine 
(80:2011) and the second is with light petroleum (b.p. 30-60”C)+iiethyl ether-glacial 
acetic acid (50:5011.5). Aftei the first development, the TLC plate is placed in a fume 
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hood for 5 min, and approximately 5 mitt after the second development, it is sprayed 
with a cold 0.1 o/0 solution of Fast Blue Salt B in 2 N NaOH_ A positive response is 
indicated by a magenta-colored moue of R, 0.1 or corresponding to a reference stan- 
dard of THC-1 I-oic acid. The reference standard, in absolute ethanol, is stored at 
freezer temperature. 

Experiments 
Extraction of unconjugated THC-I l-oic acid. Although hexane did not extract 

conjugated THC-ll-oic acid from acidified unhydrolyzed urine, it did extract un- 
conjugated THC-I I-oic acid, but not quantitatively. Thus, we examined the possibili- 
ty of finding a hexane-ether mixture that would extract unconjugated THC-I I-oic 
acid completely from acidified unhydrolyzed urine and not extract any conjugated 
THC-I 1 -oic acid. 

We first determined the minimum concentration of ether in a hexane-ether 
mixture that would completely extract unconjugated THC-1 I-oic acid from urine. 
A concentrate of a urine (from a user of cannabis) containing THC-11-oic acid 
was enzymically hydrolyzed at pH 5.5 in order to have a large amount of the metabo- 
lite in the unconjugated form. Aliquots were extracted with various hexane-ether 
mixtures as described for extracting unconjugated THC-ll-oic acid. The aqueous 
phases were then checked for residual THC-1 l-oic acid by the procedure described 
for extraction of conjugated THC-1 l-oic acid, except that hydrolysis was not repeat- 
ed. TLC showed that a hexane-ether mixture containing at least 30 y< of ether was 
needed for complete extraction of unconjugated THC-1 l-oic acid. 

We then determined the maximum concentration of ether in a hexane-cther 
mixture that would not extract conjugated THC-I I-oic acid from unhydrolyzed urine 
at pH 4. A concentrate of the same urine previously used was adjusted to pH 7.5 
and the unconjugated THC-1 I-oic acid (as well as a small amount of conjugated 
THC-I I-oic acid) was completely extracted with ether. The aqueous phase was 
adjusted to pH 4, and aliquots of it were extracted with various hexane-ether 
mixtures as described for extracting unconjugated THC-1 I-oic acid_ The hexane- 
ether extracts were evaporated, and each residue was mixed with 10 ml of a “blank” 
urine adjusted to pH 5.5. Enzyme was added, and all mixtures were processed 
as described for conjugated THC-II-oic acid; TLC showed that a hexane-ether 
mixture containing 40% ether was the maximum concentration of ether that did 
not extract conjugated THC-I I-oic acid from unhydrolyzed urine at pH 4. 

On the basis of these experiments, hexane-ether (65:35) was selected as op- 
timum for the procedure_ 

We determined that residues of hexane-ether extracts that were prepared with 
as little as 5% ether could not be chrcmatographed without being washed with 
NaHCO, solutions, as, after chromatography, the THC-I l-oic acid could not be 
distinguished from background material_ We also determined that THC-1 I-oic acid 
was extracted by NaHCO, solution from hexane-ether extracts containing more than 
20 oA hexane. Thus, the hexane-ether extract containing unconjugated THC-I I-oic 
acid was replaced with ether before the treatment with NaHCO,_ 

-We also established that the presence of either residual ether or residual hexane 
had-no evident effect on enzyme activity. 
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Clinical 

Two subjects, each of whom smoked cannabis as well as having THC ad- 
ministered intravenously, provided the urine samples analyzed in Fig. 1 and 2. Fig. I 
shows the pattern of conjugated to unconjugated metabolites in these subjects after 
smoking- Subject BU showed an early predominance of conjugated THC-1 l-oic acid, 
with a later predominance of unconjugated metabolite- Subject WF showed no con- 
jugated metaboiite early, but a majority of conjugated THC-I I-oic acid later_ Fig. 2 
shows that these same inter-individual differences in the pattern of metabolite ex- 
cretion obtained following intravenous administration of THC. A third subject dif- 
fered from either of these two in that his urine showed both an early and a later 
predominance of conjugated metabolite- 

We have applied these analyses to eight additional experimental subjects and to 
a number of suspected users of cannabis. From the results, some tentative observa- 
tions can be made. (1) In spite of the difference in the excretion patterns noted 
between ingestion by smoking and intravenous administration for subject WF, the 
excretion patterns within a subject tended to be similar for both modes of ingestion. 
(2) If unconjugated THC-1 I-oic acid was present, conjugated THC-I I-oic acid was 
almost always present also; the reverse was noted far less often. (3) Based on the 
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Fig. I. Detection of THC-I I-oic acid in urine after ingestion of THC by smoking: chromatograms of post- 
THC urines_ Collection times noted by numbers at top of each chromatogram. A, unconjugared, extracted 
with hexane-ether (6533 from unhydrolyzed urine; B, conjugated, extracted with ether after enzymic 
hydrolysis; m = magenta; Only the spot of-THC-ll-oic acid is identified. The other spots are either not 
chamcteristic of the reaction between canuabiuoids and Fast Blue Salt B or are not identifiable_ For details 
of TLC. sample size, see text 
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Fig. 2. Detection of THC-1 l-uic acid in urine after intravenous administration of THC; see Fig. I for 
details. Sample size, volume of urine containing 30 mg of creatinine. 

results obtained after intravenous administration (by which procedure the amount of 
THC ingested between subjects varies least), individual metabolism appears to be a 
factor. (4) As the interval between ingestion of THC and collection of urine increased, 
the conjugated form tended to increase or persist, while the unconjugated form 
tended to decrease and become undetectable. Additionally, of twelve positives among 
the group of suspected users, urine from seven contained both forms of the metabolite. 

DISCUSSION 

Experimental 
A volume of urine containing 50 mg of creatinine approximates the maximum 

that can be used for analysis of conjugated THC-I I-oic acid. Larger amounts fre- 
quently yield emulsions during extraction and “overloading” on the TLC plate. 

The concentration of ether in the hexane-ether mixture that was required for 
complete extraction of unconjugated THC-I I-oic acid was established at the pH of 
hydrolysis to avoid, if possible, a second pH adjustment. At this -pH, a greater con- 
centration of ether would be required to extract unconjugated THC-1 I-ok acid quan- 
titatively than at a more acid pH. 

Tests to establish the maximum concentration of ether in the hexane-ether 
mixture that would not extract any conjugated THC-I I-oic acid were.carried out at 
pH 4, as, at this pH, less ether is needed to extract conjugated THC-1 l-oic from 
unhydrolyzed urine than at higher pH vaiues. Thus, the hexaneether mixture de- 
veloped was optimum. It compIetely extracted unconjugated THC-I I-oic acid from 
unhydrolyzed urine at the pH needed for hydrolysis, without extracting conjugated 
THC-I I-oic acid_ 
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Ether, instead of hexane-ether, was used to extract the hydrolyzed conjugated 
THC-1 I-oic acid as it is more eliicient, and the need to change the solvent before the 
treatment with NaHCO, solution is avoided. 

Conditions for hydrolysis, puriBcation of the extracts with 5 % NaHCO, solu- 
tion and TLC on one plate with two solvent systems were developed earlier and have 
been used in other work’. 

A blank urine instead of an aqueous buffer solution was used in the experi- 
mental work because our previous experience indicated that the solute content of the 
aqueous phase si_&cantly affected the extraction of THC-1 1-oic acid by ethers_ 

Ciinicai 
Clinical results showing that both unconjugated and conjugated THC-1 I-oic 

acid are excreted in urine after ingestion of THC (with the conjugated form usually 
predominant) agree with the recently published work of Williams er al.iO. The obser- 
vations that the conjugated form increased proportionately as the interval between 
ingestion of THC and collection of urine increased could not be compared, as Wii- 
liams et nl. did not report such fractionation for successive samples, but it does agree 
with the work of Wall er ai.“. 

A procedure that can be used to detect both unconjugated and conjugated 
THC-I l-oic acid in urine by TLC has been described_ It is sensitive to as little as one 
standard marijuana cigarette containing approximately 16 mg of THC or the intra- 
venous administration of 5 mg of THC Both forms of the metabolite have also been 
detected in spontaneous!y collected urines from psychiatric patients suspected of 
illicitly using marijuana. 
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