
cubation in a nitrogen atmosphere, or in 
the presence of carbon monoxide, also 
resulted in little or no enzymatic activi- 
ty. These results indicate that the skin 
enzyme requires oxygen and NADPH 
for its catalytic activity, as has been 
found for the liver microsomal enzyme 
system which hydroxylates BP (1). 

Variation in the inducibility of BP 
hydroxylase obtained in skin samples 
from different newborn infants may, 
among other reasons, be due to genetic 
factors in the neonates, as well as to 
differences in exposure of the mother 
during gestation to drugs, environmen- 
tal hydrocarbons, and so forth. Further 
studies will be necessary to evaluate 
the relative contributions of these fac- 
tors to the inducibility of BP hydrox- 
ylase in human skin, and to determine 
whether the control amount and induci- 
bility of this enzyme in skin will be 
predictive of the ability of humans to 
metabolize BP and other environmental 
carcinogens. 
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The major internal protein (group- 
specific, gs, protein) of four mamma- 
lian C-type viruses carries both species- 
specific (gs-1) (1) and cross-reactive, 
interspecific (gs-3) (2) antigenic de- 
terminants (3-5). The strongest evi- 
dence for this conclusion derives from 

precipitation experiments with internal- 
ly labeled, highly purified feline leuke- 
mia virus (FeLV) gs protein. In these 
experiments, both guinea pig antiserum 
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to feline virus specific gs-1 and rat 
serum prepared against tumors carrying 
murine sarcoma virus and containing 
gs-3 antibody, precipitated 100 percent 
of the labeled antigen preparation (6). 
Nonetheless, in the course of analysis 
of antiserums prepared against purified 
gs protein or of antiserums from ani- 
mals immunized with tumor homoge- 
nates containing murine sarcoma virus, 
occasional double preciptin lines were 
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observed in gel diffusion assays even 
with highly purified antigen prepara- 
tions. Among the possibilities consid- 
ered to explain this observation was the 
variable occurrence of immunoglobulin 
M (IgM) and immunoglobulin G (IgG) 
antibodies in the various serums. Our 
data support this hypothesis and fur- 
ther show an unexpected synergism 
of IgM and IgG fractions for visualiza- 
tion of the gs-3 reaction in agar gel 
diffusion. 

The various C-type viruses were pu- 
rified from chronically infected tissue 
cultures, and the gs proteins were ob- 
tained by isoelectric focusing as de- 
scribed (4, 5, 7, 8). 

The antiserums used in the present 
study were rabbit antiserum to the 
purified gs protein from murine C-type 
virus (MuLV) prepared- by multiple 
inoculations of purified protein, and 
rat antiserum prepared by multiple in- 
jections of Fisher rats with homoge- 
nates of murine sarcoma virus-induced 
tumors transplanted in the Fisher strain 
(3). 

The two antiserums and normal rat 
and rabbit serums were separated into 
IgM- and IgG-containing fractions by 
gel filtration with Sephadex G-200 (9). 
The buffer system used was 0.02M 
tris-HCl, pH 8.2, containing 0.2M 
NaCl. Reduction and alkylation of 
IgM fractions were carried out as fol- 
lows. One volume of 1.0M /P-mercap- 
toethanol was added to nine volumes 
of serum and the mixture was incubated 
for 2 hours at room temperature. Se- 
rums were then alkylated by dialysis 
against 0.02M iodoacetamide for 16 
hours in the cold (10). 

Gel diffusion was made on micro- 
scope slides with 0.8 percent agarose 
in 0.05M tris buffer, pH 7.4, containing 
0.1M NaCl and merthiolate (1 : 10,000) 
as a preservative. Complement fixation 
(CF) was carried out by the microtiter 
procedure as used in this laboratory 
(11). 

The ability of the rat antiserums 
(designated MSV-I) to detect gs-3 in 
gel diffusion assays has been reported 
(3). The immunization procedure re- 
sults in essentially a 100 percent re- 
sponse to gs-3 determinants, whereas 
only a rare tumor-bearing animal gives 
adequate gs-3 antiserums (2). The rab- 
bit antiserum against MuLV gs protein 
also detected the gs-3 determinant, as 
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bit antiserum against MuLV gs protein 
also detected the gs-3 determinant, as 
well as the MuLV gs-1 determinant, 
and in this respect differs at least quan- 
titatively from guinea pig antiserums 
which were mainly reactive with gs-1 
determinants (3, 4, 5, 8). However, as 
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Interactions of Immunoglobulins G and M in the Detection of the 

Mammalian C-Type Virus Cross-Reactive Antigen 

Abstract. The mammalian C-type tumor viruses share an antigenic determinant, 
gs-3, located on the major internal polypeptide of the virion. Detection of this 
determined in gel diffusion assays by antiserums prepared in rats by immuniza- 
tion with rat tumor homogenates carrying murine virus and serums prepared in a 
rabbit by immunization with purified murine gs antigen depended on antibodies 
present in the fractions containing immunoglobulins M and G. The immunoglobu- 
lin G fraction by itself precipitated only the homologous murine antigen. Neither 
fraction alone precipitated heterologous (cat, rat, or hamster) antigen (definition 
of the gs-3 reaction), while a mixture of the two fractions did. The gs-3 reaction 
was eliminated by treatment of the serums with /3-mercaptoethanol, also indicating 
a requirement for immunoglobulin M antibodies. 
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Fig. 1. Precipitin reactions of C-type virus gs antigens with rat antiserum MSV-I) and its fractions. Peripheral wells: Tween-ether 
disrupted C-type viruses as indicated (AMV, avian myeloblastosis virus; obtained from Dr. P. Sarma). Center wells contain (1) 
unfractionated MSV-I serum, (2) serum fraction that contains IgM (19S antibodies), (3) serum fraction that contains IgG (7S 
antibodies), and (4) a mixture (1 : 1) of IgM and IgG fractions; RLV, Rauscher strain of MuLV. 

is predicted from the finding of both 
gs-l and gs-3 determinants on the same 
molecule, guinea pig antiserums also 
contain variable amounts of gs-3 re- 
activity detected in complement fixation 
or gel diffusion assays after concentra- 
tion (4). 

When the rat and rabbit serums 
were fractionated on Sephadex G-200, 
several interesting results were repro- 
ducibly obtained (Fig. 1). Unfraction- 
ated serums showed a single precipitin 
line with C-type virus (disrupted by 
Tween-ether) from hamster (HaLV), 
cat (FeLV), and rat (RaLV)-an indi- 
cation of gs-3 antibody. They also gave 
either one or two precipitin lines with 
the purified homologous MuLV, regard- 
less of whether the AKR and Rauscher 
strains of MuLV were used for testing. 
When concentrated to twice the original 
volume, the IgM fraction showed no 
precipitation, while the IgG fraction 
gave only gs-1 (species-specific) reac- 
tions. Surprisingly, reconstitution of 
IgM and IgG fractions to the original 
serum volume resulted in a recovery 
of the gs-3 reactivity. Similar results 

were obtained with highly purified 
MuLV and FeLV gs proteins (Fig. 
2a) in place of unfractionated viral 
antigens. Attempts to reconstitute ac- 
tivity with IgM and IgG fractions from 
normal serums were completely nega- 
tive. 

A further indication that the IgM 
fraction was essential for gs-3 reactiv- 
ity was obtained by treating serums 
with /3-mercaptoethanol. This treat- 
ment (Fig. 2b) completely eliminated 
the gs-3 reactivity of both rat and rab- 
bit antiserums. 

These data show a novel synergistic 
effect of IgM- and IgG-containing frac- 
tions for demonstration of a cross- 
reactive antigen in gel diffusion. To 
our knowledge, a similar phenomenon 
has not previously been reported for a 
single serum; however, Goudie et al. 
(12) have reported interactions be- 
tween nonprecipitating and precipitat- 
ing serums in the case of Hashimoto's 
disease leading to increased amounts 
of precipitate and occasionally two 
precipitin lines with a single antigen. 
While both the rat and rabbit antiserum 

fractions showed this synergistic effect, 
we have tested a goat antiserum to 
FeLV which contains precipitating gs-3 
antibodies in the IgG fraction (13). 
These differences are presumably based 
on extent of immunization and bleed- 
ing schedules. 

The erratic observation of one or 
two precipitin lines between the rat 
and rabbit antiserums to gs-1, gs-3, and 
highly purified homologous antigen 
could be explained on the basis of the 
differential diffusion rates of the IgM- 
requiring gs-3 reaction and the IgM- 
independent gs-l reaction. That hetero- 
geneity of the antigen is not responsible 
for the double line could be shown by 
absorption experiments in which spe- 
cific gs-l serum was able to inhibit 
the precipitin reactions of serums con- 
taining gs-3 antibodies. Further, exten- 
sive evidence for the presence of both 
gs-l and gs-3 determinants in the same 
structure has been presented, and con- 
tinued attempts to physically separate 
the two reactivities have not been suc- 
cessful. While the gs-3 reaction could 
be explained in the case of reactions 

Fig. 2. (a) Gel diffusion patterns of purified murine (Mgs) and feline (Fgs) gs proteins with MSV-I serum. (1) Whole serum, 
(2) fraction that contains IgM, (3) fraction that contains IgG, (4) mixture (1:1) of IgM and IgG fractions. (b) Elimination of 
the gs-3 reactivity of MSV-I serum by treatment with 3-mercaptoethanol (see text). Peripheral wells: Tween-ether disrupted C- 
type viruses as indicated. Center wells: (1) untreated whole serum, (2) p-mercaptoethanol-treated whole serum. 
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with the homologous antigen by IgM 
addition to soluble complexes of gs-1 
antibody and antigen in antibody ex- 
cess if we assumed that there was per- 
haps only one gs-3 site per antigen 
molecule, this cannot explain the heter- 
ologous gs-3 reaction. Here we must 
assume that both fractions have spe- 
cific combining ability with antigen. 
Whether or not each fraction is specific 
for a distinct site or both have the 
same specificity can be decided by 
cross-absorption experiments. 
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While a good deal is known about 
the metabolism in vitro of the im- 

portant cannabinoids (1-4), relatively 
little data has been reported on the 
metabolic fates of these substances in 
vivo (5-7). We have shown (8) that 

A6-tetrahydrocannabinol (THC) injected 
into rabbits gives rise to a very small 
amount of 7-hydroxy-A6-THC in the 
urine. Lemberger et al. (7) reported 
results which suggest that 7-hydroxy- 
Al-THC occurs in the urine and feces 
of man after the administration of Al- 
THC. Many of the above-mentioned 
studies also showed that most of the 
THC is metabolized to rather polar 
materials, with no unchanged drug being 
excreted. In addition, Agurell and his 
co-workers (5) observed that a large 
proportion of the urinary metabolites 
in the rabbit were acidic in nature. We 
have succeeded in isolating and identi- 

fying two of the principal metabolites 
of Al-THC and now report the results 
of our work. 

We administered 14C-Al-THC (9) to 
adult female New Zealand white rabbits 

by either a subcutaneous or intravenous 
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route in propylene glycol-4water mix- 
tures. The animals were kept in meta- 
bolic cages, and urine was collected 
and frozen every 24 hours for a suita- 
ble period. The urine was pooled and 
acidified to pH 3.5. The radioactivity 
was extracted from the pooled samples 
via a column of XAD-2 resin (10). This 
treatment allowed the metabolites to be 
obtained in a concentrated form, free 
of inorganic salts and other highly polar 
materials. 

The extract was then partitioned be- 
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Fig. 1. The elution pattern of the free 
metabolites when chromatographed on a 
DEAE-Sephadex column with a NaCl 
gradient. The radioactivity of the column 
effluent was monitored by liquid scintilla- 
tion counting with a Packard flow cell 
containing anthracene. 
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tween water and chloroform. Only 
about 20 percent of the radioactivity 
was found in the organic phase; this 
chloroform-soluble material was fur- 
ther fractionated by chromatography on 
a Sephadex G-15 column, and the radio- 
activity was eluted in a broad band. 
Most of the nonradioactive material 
was concentrated in the early fractions. 
The later fractions, comprising about 
one-half of the radioactivity, were then 
combined and fractionated on a DEAE 
(diethylaminoethyl)-Sephadex column 
(Fig. 1). The major peak (fractions 
150 to 165) was then methylated (11) 
and investigated further. 

A final purification by thin-layer 
chromatography gave two barely 
separated zones which were located by 
radioautography. Most of the radio- 
activity was contained in these two 
areas, and their specific activities were 
close to that of the AL-THC injected 
into the rabbits. Low-resolution mass 

spectrometry gave a molecular ion peak 
at 388 for both metabolites (12). This 
suggests isomeric methyl ester-methyl 
ether derivatives with a formula of 
C23H3205. The principal ions in the 
high mass end of the spectra of the 
methylated substances were: metabolite 
1 [m/e 388 (relative intensity 58), 373 
(53), 370 (17), 355 (21), 329 (100), 
316 (12), 311 (21)] and metaibolite 2 
[388 (46), 373 (35), 370 (5), 329 
(61), 316 (100), 311 (2)]. 

The water-soluble metabolites re- 
maining after the chloroform partition- 
ing were next isolated by the following 
procedure. Alkaline hydrolysis was used 
to liberate the metabolite from what 
appeared to be a conjugate with an 
amino acid. We have not determined 
the optimum conditions for this reac- 
tion, but 2 hours in a refluxing metha- 
nol-0.2N NaOH solution led to exten- 
sive hydrolysis. The hydrolysis mixture 
was then acidified to pH 3.5 and ex- 
tracted with chloroform; 56 percent of 
the radioactivity could now be removed 
from the aqueous phase. The chloro- 
form extract was then partitioned with 
dilute sodium bicarbonate to separate 
acidic materials. About 82 percent of 
the radioactivity was found in the bi- 
carbonate solution, which was then 
acidified and chloroform extracted. All 
of the radioactive material soluble in 
bicarbonate was found in the chloro- 
form phase. These partitioning steps 
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utilized for the final purification. As 
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Isolation and Characterization of Two Major 

Urinary Metabolites of a'-Tetrahydrocannabinol 

Abstract. Two of the major metabolites which appear in rabbit urine after the 
administration of Al-tetrahydrocannabinol have been isolated and their structures 
have been tentatively established. The available evidence indicates that they are 

7-carboxy-A1-tetrahydrocannabinols with an additional hydroxyl group on the 
side chain. The substances occur both free and as conjugates. 
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