
Cwhanped A’-TfiC und c;tnn:tbinol arc eliminated in low 3mounls (0415 Il.1 per ccnf 1 
in the bile. A few per cent consists of two or more Inono-o~y~cn~tc~f mot;tboIites. n&w 
of which is identical with ?-hydroxy-A’-THC or 6-/I-hydmxy-A’-THC. The main p:trt of’ 
the non-conjuguted metahoiites is prcscnt ~1s compounds more poktr than 7i-hydroxy-A~- 
‘WC and as carbox@ acids. These acids were more polar than A’-THC-7-oic scid which 
could not hc ~dcnt~f~ed in a free or cor?jugatcd form. 

P~wrous studies have shown that the psychotomimetimlly active compound ( -)- 
A’-tetrahydrocannabii~ol (I a: A’-THC) is slowly and almost exclusively excreted via 
faeccs in rats.” 3 In man t~l~tab~lites of A’-THC are also predomin~tntly eli~li~ated 
through faeces,” The present study was undert~~ken to in~/estig~tte the biliary excre- 
tion of A’-TWC in the rat after i.v. admi~listrati~~ and to characterize the metabolic 
partcrn. 

(-bA’-THC-1”-“!-I was diluted with non-l~~belled material to a sp. act. of 
I.3 &‘i~mg.” It showed a chemical and radiochemical purity greater than 95 per cent 
according to TLC (System A and B) and GLC. The biological and chemical stability 
of the labei in the side chain was satisfa~tory.~ 

Male rats (SI~ra~~e--~a~iey, ~~~j~ g) were ~~~aestbetized with pentobarbit~~i 
(SO mg/kg i.p.1. The bile duct was surgically exposed by a rnidliile incision and cannu- 
lated with a poIyetIlylene tubing (P&IO). The rectal temperatLlre was maintained at 
38 f 1” with a heating lamp to prevent alteration in biiiary ftow due to hypother- 
mia. A’-THC-‘E-f dissoIved in 50 /ll of 70 per cent aqueous ethanol was injected into 
the femoral vein (1 ~~g~kg) and the bile was collected up to 6 hr after ~~dministr~~~ion. 

* ~ct~~bolisrn of Cannabis XX. 
i Department of Toxicology. Swedish Medical Research Council, Karolinska Institute. S-104 01 Stock- 

holm 60. Sweden. 
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Thin-LUJW clzromutu~~aph?,. The following thin-layer systems were used: 
System A. Silica gel GF plates impregnated with 20 per cent ciimeth~lf~~rm~~mide in 

acetone. Solvent: diethyl ether light petroieum (1 :4). 
System B. Silica gel GF plates. Solvent: diethyl ether-light petroleum ( I: 19) developed 

three times. 
System C. Silica gel GF plates. Solvent: diethyl ether--light petroleum (1: I ). 
System D. Silica gel GF plates. Solvent: diethyl ether-light petroleum (7:3). 
System E. Silica gel GF plates. Solvent: n~eth~inol-~iieth~l ether (I :W). developed 

twice. 
System F. Silica gel GF plates. Solvent: acetone-cllloroform (7 : 13). 
System G. Aluminium oxide plates. Solvent: chloroform. 
System H. Aluminium oxide plates. Solvent: methanoi~hloroform (1:99). developed 

one time. 
System I. Aluminium oxide plates. Solvent: methanol-chloroform (1:99), developed 

334 times. 
Detemination qf mdioactitlity. Radioactivity was assayed in a Packard Tri-Carb 

Model 3375 spectrometer with external standardization. To determine the excretion 
rate of A’-THC and its metabolites bile samples of 50 ~1 from each collection period 
were mixed with 1 ml of water before adding scintillation medium (Instagel@, Pack- 
ard Instrument Co.). 

Esc~tion IX@ of A’-THC. Five male rats were injected iv. with A.‘-THC-‘H 
(1 mg/kg) as described above. Bile samples were taken at 5, 10. 15, 30, 60, 90, 120 
min and then at hourly intervals for the next four hours for determination of excreted 
radioactivity as shown by Fig. 1. 

Pwprrruriw isol~~tio~~ qf’rnrtuholitr.~. The isolation and separation of mctabolites are 
outlined in Figs. 2 and 3. Bile (Fig. 2; 2 -I ) was collected up to 6 hr from 25 rats in- 
jectcd i.v. with A’-THC-“H (1 mgikg). After adjusting to pH 6 by addition of phos- 
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The ether extract (24) was chromatographed on a Florisil column (1 x I8 cm) 
eluting with 50 ml volumes of light petroleumPdiethyl ether and solvents of increas- 
ing polarities as shown in Fig. 2. Fractions 2-6, 2-7 and 2-8 were separately chroma- 

tographed on Sephadex LH-20 (1 x 70 cm) with light petroleumPchloroformPabso- 
lute ethanol (10: 10: 1) as eluant.8 To elute the total radioactivity of fraction 2-X the 
eluant was changed to methanol&chloroform (1: I ). Fractions of 2 ml were collected 
and an aliquot of each fraction was subjected to liquid scintillation counting. 

The ether extract (2-l 1) containing acids was reextracted into 5 per cent aqueous 
sodium bicarbonate (2-12) followed by acidification and renewed transfer into ether 
(2-13). The acids were esterified with diazomethane and chromatographed on ;I 
Sephadex LH-20 column as described. 

“Cor~juyatrd metaholit~s” (Fkj. 3). The remaining aqueous phase (3-I) containing 
the more water soluble metabolites was passed (pH 6) through an Amberlite XAD-2 
column to remove buffer salts. The methanol fraction (3-2) containing the mctabo- 
lites was evaporated and dissolved in water. After buffering to pH 3.8 by addition 
of citrate-phosphate buffer, the aqueous phase was incubated with 2X0 mg /&glucur- 
onidasc type L-l (900 units’mg. Sigma Chemical Co.) for I9 hr at 37 Sulphatase 



was inhibited by phosphate. Then the incubation mixture was buffered to pH 7 and 
extracted (3-3) with diethyl ether (3 x 50 ml). To remove acidic aglycones (3-10) the 
pH was adjusted to pH 3 followed by extraction with diethyl ether (3 x 100 ml). The 
combined ether extracts of the neutral aglycones (3-3) were evaporated to a small 
volume and chromatographed on a Florisil column (3-4 to 3-Y) eluting with solvents 
of increasing polarities as shown in Fig. 3. Fractions 3-5 and 3-6 were further chro- 
mntographed on Sephadex LH-20 as described. 

The remaining aqueous phase (3- 1 I ) was freed from bufI”er salts by purification on 
an Amberlite XAD-2 column, dissolved in a small volume of methanol and reAuxed 
with 0.3 M sodium hydroxide in methanol for 2 hr under a stream of nitrogen.” After 
removal of methanol itz CWLW the r&due was dissolved in buffer and extracted at 
pH 7 (3- 13) and pH 3 (3- 14) with diethyl ether. The neutral aglycones (3-l 3) released 
by alkali were c~iro~~~atogr~~p~~ed on a Sephadex LH-20 column. 

MLISS ,f~cigrtlento~~~crlthic j~~~l~t~~~~lti~}l. Mass ft.agmentography, as described by 
Hammar and Hessling.“’ was used to identify unchanged A”-THC and some of its 
mctubolites. 

An LKB model 9000 gas chromatograph-mass spectrometer (LKB-Produkter, 
Bromma. Sweden) was used. Columns: 3%;) OV- 17/C&s Chrom Q. 230” and 3”; SE-30 
Ultraphase,!Gas Chrom Q, 230‘. 

RESI’LTS AND DISC‘l’SSION 

Previous studies have shown that A’-THC is almost coInplete1~ excruted as more 
polar nletabolites in urine and faeces in the rat.’ ’ Also in man A.‘-THC appears to 
be completely metabolized and. as in the rat, mainly eliminated via faeces.” The pres- 
ent study was designed to investigate the rate of elimination of A’-THC and its 
metabolites by the liver into the bile as well as the pattern and possibly the iden- 
tities of metabolites present in the bile. 

Figure 1 shows the biliary excretion of A.‘-THC and metabolites after i.v. injection 
(1 mg/kg) in five rats. The elimination was most rapid during the 1st hr after injection 
and within 2.--3 hr 50 per cent of the dose was excreted. A number of experiments 
indicated that the elimination rate and metabolite pattern remained constant over 
a wide dose range (0.05.-3 mg,/kg). Pronounced biliary excretion of metabolites of A’- 
THC in rat after i.p. administration was also found by ~oachimoglu et ul.’ 

Previously we have reported2 that about half of the amount of A.‘-THC and its 
metabolites are still present in the rat one week after i.v. administration of A’-THC. 
Klausner ct cd.’ likewise showed that only about 60 per cent of iv. injected A’-THC 
is excreted in urine and faeces in 5 days. In comparison with our biliary excretion 
data this indicates a pronounced enterohepatic circulation. This suggests that polar 
metabolitcs arc repeatedly reabsorbed after elimination through the bile and indeed 
it has been shown that such metabolites occur at high levels both in blood and tis- 
sues.” These findings might be of considerable toxicological importance. 

A’-THC is, as discussed later, aimost entirely excreted as a variety of neutral, aci- 
dic and con~iu~~ted met~~bolites. The sep~~ration systems used for these metabolites 
and the perccntzgc in each fraction of the total amount present in the bile are shown 
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in Fig. 2 anon-conjug~~red ~net~l~olitcs“) and Fig. 3 (.‘corljllg~~ted lllct~~b~~~jt~s”). Here, 
also the designated fraction numbers are shown. 

j~~ztft.~t~ 777~~~~7/?~~~i~~~.s. The light p&x&urn extract (2-J) contained 1 per cent and the 
ether extract (2-4) 9 per cent of the total I-~~dio~lctivjty excreted into the bile. 

Small amounts of l~i~c~~~~nged A’-THC (I ;L: 0.1 per cent) aid CBN (Ii: 0% per 
cent) were found in extract Z-3 according to TLC (System A). After pLlri~c~ltio~1 by 
TLC (System B) the identities of A’-THC zuld C‘BN (Fig. 4) were verified by mass 
fr~~gmentogr~~phy by comparison with synthetic compounds. The ion detector was 
used to record exclusively the intensities of the following three fragments in the mass 
spectrum of A’-THC: /z?,:‘P 3 I4 (M _ ). 399 and 17 I. Only two fragments were used 
for CBN: IW’P 310 (M+) and 295. In addition to TLC confirmation, both GLC reten- 
tion times and the partial mass spectra of A’-THC and CBN prcsont in bile were 
in agreement with those of reference compounds. 

The present results show that A’-THC is indeed eliminated unchanged through 
the bile, although in very small amounts (about 0.1 per cent of given dose). However. 
A’-THC is efficiently absorbed after oral administration” and the amounts present 
in faeces may therefore be expected to be even lower. CBN was identified as a meta- 
bolite and although it coultl conceivably occur at a low le~l (< 1 per cent) in the 
administered A’-THC. the similar concentrations of A’-THC and C’BN in the bile 
make it unlikely that contaminating (‘BN could significantly contribute to the C’BN 
occurring in the bile. Neither is it plausible that C’BN originates by microbial dehyd- 
roFcn:rtion of A’-THC‘ in the sut although our previous stud!,” indicated that small 



amounts of A’-THC and nletabolites are excreted in the mouse by the secretory part 
of stomach. Thus. CBN must be ~ss~lrne~i to be a lnct~~bolic product of A”-THC 
formed by dehydrogen~~tioll of A’-TI-IC and/or dcilydr~~tio~ of oxygenated interme- 
diates. 

The “neutral” ether extract Q-4) was cllrorn~~togr~~~h~d on a Florisil column (Fig. 
2). Fraction 2-6 showed one major peak at a retention volume of60 ml when chroma- 
tographed 0118 Sephadex IX-20 column, This peak had a R, vaiue similar to that 
of6~-h~~droxy-A1~THC (III) on TLC (System H). Ry mass fr~g~lentography the three 
major ions (uz/~ 330 N ‘, 312 and 297) in the mass spectrum of 6&hydroxy-A’-THC 
were recorded. The isolated coInpou~d, however, showed a GLC retention time 
(5.8 min) longer than that of 6~~~lydrox~-A’-THC (42 min). The intensities of the 
mass numbers of the two compounds were also di~er~~lt. 

Fraction 2-7 was subjected to chrornatog~~~l~y on a Scpllad~x LH-20 column. No 
detectabi~ ~~?~o~l~t of 7-h~drox~-A1-T~~C (I b) was found. but a major peak was 
observed with a smaller rctenti~~n volume than 7-~lydroxy-A’-T~C. According to 
TLC (System D) this isolated peak had a R,f value ofO.2, which was lower than that 
of 7-hydrox~/-A’-THC (04). 

When fraction 2-8 was c~lrorn~~togr~~phcd on Sephadex, one major peak was found 
before the eluant was changed. This peak had a rentelltian volume close to that of 
the peak in fraction 2-7, TLC (System I) of the former peak revcalrd at least two 
rnct~~bolit~s. one with the same R., value as the peak it1 fraction 2-7. The rem~~ining 
r~~dio~~ctivity of fraction 2-8 as well as 2-9 and 2- 1 U contained more polar compounds 
according to TLC (System D and F). 

In sl~~l~l~l~~r~. non-coi?jugatud 7-11~~i~~~~~-~i-T~~ could not hc i~~ci~ti~jc~~ in bile ;ts 
a ~~etabolite of A’-THC in spite of the f;tct that it is a major rn~t~lbo~~te of A’-THC 
ijz t:i@o both in the rat” ’ and in other species. ’ ?ql 3 f-Xowever. as judged by mass frag- 
rn~tltogr~~~h~, polarity on TLC and Florisil column at loast two other nlono-ox~- 
genated metabolites of A’-THC are eliminated in the hilt of the rat. 

A&&L’ ~~~~~~~~(~~~~~.s. The “acidic” ether extract (3-1 1) contained 33 per cent of the 
total radioactivity excreted into the bile. After tltc purification step with 5 per cent 
sodium bicarbonate there remained 2 I per cent of the activity. After ~llet~lyl~~tiot~ 
with di~lzoIllcth~~~lc the acids were separated on a Sephadex LH-20 column. The etu- 
tion pattern (Fig. 2) showed at least three major co~~lpo~in~ts before the change to 
the more polar eluant (tneth~~llo~ c~lloroforin. 1: I). No more than 0.1 per cent, if any, 
of the total excreted activity could be due to A’-THC-7-oic acid as evidenced by TLC 
(System C; the conlpo~l~ds were ~~ct~lyl~tt~d with di~~zo~leth~~n~) with synthetic A’((‘)- 
THC-7-&c acid [IV) as reference corn~?ollnd. This is in agreement with an earlier 
study in the rabbit”’ where A’-THC-7-oic acid could not he id~r~ti~ed as a urinary 
n~et~~boIit~ of A’-THC. 
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The metabolites were purified on an Ambcriitc XAD-l column between treatments. All perccntagc 
figures are mean values of two to Four experiments. which gave VW) similar results. All cw~mcs v.we 
supplied by Sigma Chemical Co. 

* ~-Gf~icLironid~se type L-l. Citrate-~phosphatc buffer pH 3.X 
i Sulphatase type III. Citrate buffer pH 5. 
: ~-G~ucLlronid~lse type I. Phosphate htttTcr pH 7. 

~lu~uronid~~se type L-f split some 30 per cent of the corl”j~g~~tes and ii~~~r~tted mainly 
neutral agIycones. Alkaline hydrolysis released a similar ~~i~ou~~t of neutral metabo- 
lites as ~~-glu~uronid~~se and also some bound acidic metubolites. Less than @Ot per 
cent of A’-THC or CBN was released on hydrolysis. 

Fraction 3-5 gave three peaks on Sephadex LH-20. P~\;tk I (Fig. 3) moved like 
6/%hydroxy-Al-THC (III) on TLC (System H). Peak 2 had slightly higher R,f value 
than 7-hydroxy-A’-THC as evidenced by TLC (System H). Peak I and 3 wcrc also 
submitted to mass fragmentogruphy. The mass fr:lgmcntogr~ttn of peak I (Fig. 4. LIP 

known I) was compared to that of 6J,‘-hydroxy-A’-T1-fV (u~;L’ 330 M -. 312 and 797). 
The retention time of peak I was longer and the intensities of the mass numbers were 
different from those of 6/$hydroxy-A’-THC. Peak 2 gave mass fr~tgrn~nt~~gr~~l~ls with 
the mass numbers IR:!L’ 330, 299, 297 and 747. The presence of the fragment ,n;cj 347 
implied that a hydroxyl group was located in the pent?1 side chain.” According to 
TLC and mass fragmentogr~lphy these two peaks appeared to LX ri7onct-ox~g~n;itcd 
A’-THC derivatives. Furtherl~ore, peak 2 was prob~~bfy a side chain ~lydroxyl~lted 
compound. 

Fraction 3-6 gave at least twa major peaks on the Scphadcx LH-20 columt~ b&ore 
the change to the more polar eluant. One of these peaks with a retention volume 
of I35 ml consisted to more than 70 per cent of 7-hydrox~-A’-~r~~~ (1 h) as cvidenccd 
by two different TLC systems (System D and Ci). The mass fr~~gmentogr~lm of this 
peak (Fig. 4) was in agreement with that of 7-hydroxy-A’-THC (W:‘JY 330 M I. 3 I2 
and 299). 

The fractions 3-7, 3-8 and 3-9 gave on TLC (System E and F) indications of at 
least four metnholites more polar than 7-h)droxy-Al’-TH<‘. 



Nrrrtr~I corllpourl~ls IYILYIS~~ hq’ ~rlkuli. Neutral compounds released by alkali were 
separated on Sephadex LH-20 (Fig. 3). Peak 3 had the same mobility as 6fl-hydroxy- 
A’-THC on TLC (System H) but was shown to be two other metabolites according 
to mass fragmentography (m/e 330, 312 and 297. Fig. 4, Unknown II). Both com- 
pounds had retention times longer (10.4 min and 11.4 min) than that of 6/j-hydroxy- 
A’-THC (4. I min). 

Acidic r~~~taholit~s wleasrd hy P-g/ucur.onidNs~/alka[i (3- 10, 3- 14). None of the liber- 
ated acidic mctabolites behaved like A 1’h’-THC-7-oic acid (IV) on TLC (System C; 
the compounds were methylated with diazomethane). The latter compound was 
identified in bound form as a minor metabolite of 7-hydroxy-A1(h’-THC in the rab- 
bit.lh Methylated acidic aglycones (3-10) released by glucuronidase showed a similar 
pattern as the fret acidic metabolites on Sephadex LH-20. 

CONCLUSIONS 

The following main conclusions may be drawn from the present experiment, pre- 
vious literature reports and the recent study of Turk cf al.” The results show2*3*’ ’ 
that in the rat, the main route of elimination is via the faeces and that excretion is 
slow with some 60 per cent elimin~~ted in 4 days,’ ’ 5 days3 or 50 per cent in 1 week.2 
The main excretion is by way of the bile as also found by Turk et al.” and Joachi- 
moglu t’t iti.’ The latter authors recovered about 30 per cent of the given dose in 
the bile of bile duct c~~nn~llated rats during 6 hr after i.p. administration of A’-THC. 
Turk and co-workers” found 37 per cent during the same time after iv. injection 
of A’-THC to non-anaesthetized bile duct cannLllated rats. 

Our figures (60-70 per cent after i.v. ~~dministration to allaesthetized rats) are thus 
ConsiderabIy higher, which may be due to different experimental design. AItho~l~h 
the rnct~~bolisI~1 of A’-THC under the present experimental conditions might differ 
from that in an intact animal. available data imply a pronounced biliary excretion. 

Fur~hcr there is general agreement that the A’-THC metabolites occurring in the 
bile are polar metabolites. We have identified by TLC and mass f~~meIltography 
small amounts of A’-THC and CBN in the bile and somewhat larger amounts of 
at least four monooxygenated metabolites of A’-THC. 7-Hydroxy-A’-THC-which. 
on the basis of TLC was assumed to occur in a free form in the bile”---was identified 
only after hydrolysis of the water-soluble conjugates. “Diacetyl-A’-THC” the fully 
acetylutcd dcrivativc of 7-hhdroxy-A’-THC. which was suggested” as a possible 
mctabolitc in bile was not identified in the present study. The predominant com- 
pounds in the bile are acids and water-soluble conjugates. 

The elimination of metabolites in the bile is apparently not the rate-limiting step 
in the slow excretion of metabolites and thus it appears that metabolites are repeat- 
edly reabsorbed after elimination in the bile. During such an enterohepatic circula- 
tion, the drug would be exposed to the intestinal microflora. The importance of these 
factors, reabsorption and microbial ctlnversion of mctabolites, needs further clarifi- 
cation. The recirculation is probably of more significance for the toxicological effects 
of the drug than for the prolongation of its psychotomimetic action. 

.,l[,~jroll/c,t/yc~~t~,~t~,\ This work was supported by the Swcd~sh Mcd~cal Rescnrch Council (03X-2724) and 

Fiirsvarsmedicmska forskningsdelcgationen and bk the following grants to the department of toxicology: 
Swedish Medical Research Council 7OE-3743. 14X-4041. the Wallenherg Foundation and NIMH-12007. 
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