
Marihuana Components: Effects of Smoking 
on 9-Tetrahydrocannabinol and Cannabidiol 

Abstract. Cigarettes impregnated with various preparations of A9-tetrahydro- 
cannabinol (A9-THC) and cannabidiol were artificially smoked, and the smoke was 
analyzed by means of gas chromatography and a combination of gas chroma- 
tography and mass spectrometry. Retention of the two test substances in smoke 
was 21 to 23 percent of the starting amount. The ratio of A9-THC to cannabidiol 
in smoke is different from that in starting material. It is suggested that these 
differences are the result of partial cyclization of the cannabidiol to A9-THC. An 
increase in the percentage of cannabinol in smoke is the result of a partial dehy- 
drogenation of z\-THC or cannabidiol. No evidence for the isomerization of 
A9-THC to A8-THC or for the formation of new pyrolyzed products was found. 

Hashish is two to three times more 
active when smoked than when taken 
orally. The same holds for trans-10,6a 
(-) -A9-tetrahydrocannabinol (A9THC) 
which is only approximately 95 percent 
pure (1). One possible explanation is 
that during combustion some of the 
inactive components of marihuana are 
converted to active components. We 
have studied the effects of smoking on 
psychotomimetically active A9THC and 

Table 1. Gas chromatographic analysis of 
marihuana constituents and resin before 
smoking; + indicates trace. 

Percentage 

Material 
A9THC CBD CBN niden- tified 

Synthetic 95 4 0.05 1.0 
A.THC 

Synthetic 3 96.3 0.7 + 
CBD 

Marihuana 0.7 0.6 1.5 + 
resin 
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Fig. 1. Concentrations of marihuana 
components: (open bars) concentrations 
before smoking; (shaded bars) concentra- 
tions after smoking. Standard deviation, 
3.6 percent; (A) A9THC in CBD; (B) 
CBD in A?THC; (C) AYTHC in marihuana; 
(D) CBN in A"THC; (E) CBN in CBD. 
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inactive cannabidiol (CBD) (two main 
constituents of marihuana) (2, 3) to 
determine to what degree these com- 
pounds are affected by oxidation and 
which, if any, new active products are 
produced. 

Using gas chromatography and gas 
chromatography coupled with mass 
spectrometry we determined the con- 
tents of our starting material (Table 
1). Then the test substances were dis- 
solved in ether. One milliliter of the so- 
lution containing 950 [ug of A9THC, 
963 [cg of CBD, or 20.2 mg of mari- 
huana resin was injected into the mid- 
dle third of a Pall Mall cigarette (with- 
out filter, 8.4 cm long). The cigarettes 
were connected to filters (Cambridge) 
and then "smoked" by means of either 
a smoking machine (Filtrone/I, Ciga- 
rette Components Ltd., London) or a 
50-ml suction syringe. Experiments 
were carried out so that 35 ml of 
smoke was "inhaled" in 2 to 3 sec- 
onds. Cigarettes were smoked for no 
longer than 7 minutes by machine or 
between 3 to 6 minutes by syringe. 
The number of "inhalations" varied 
from 15 to 25, and cigarettes were 
smoked to leave a butt of 17 mm. 
After smoking, the filters of 14 ciga- 
rettes, including two untreated con- 
trols, were soaked three times in 15 
ml of ether, first for 20 minutes and 
then twice for 3 minutes. The different 
extracts were pooled, evaporated at 
room temperature to 1 ml, and then 
analyzed by gas chromatography or 
combined gas chromatography and mass 
spectrometry (Table 2). The two meth- 
ods of artificially smoking cigarettes 
yielded the same results (5). 

The amount of unpyrolized com- 

ponents (A9THC and CBD) in the 
smoke acquired from the machine or 
syringe ranged between 21 and 23 

percent. This finding is in agreement 
with data from studies on tobacco 
alkaloids (nicotine and so forth), which 
also are combusted approximately 80 

percent during smoking. No A8THC 
isomers were formed when cigarettes 
impregnated with the synthetic A9THC 
were smoked. This result supports the 
prevalent idea that isomerization of 
A?THC to A8THC does not occur (3, 
6). Results of combined gas chroma- 
tography and mass spectrometry indi- 
cated no new pyrolytic products (7) 
when mass spectra from control ciga- 
rettes and those treated with A?THC 
were compared (for gas chromatogra- 
phy the temperature was programmed 
to increase 3?C/min, from 100? to 
230?C). 

Extracts from smoked cigarettes im- 
pregnated with solutions of synthetic 
CBD and natural marihuana resin 
were also analyzed by combined gas 
chromatography and mass spectrome- 
try. CBD and A9THC were identified 
by their retention times (tr = 2.9 and 
3.6 minutes, respectively) and by typi- 
cal fragments (M+ 314, M+ - 

CH3 =299, M+ -C6H1 = 231) be- 
fore and after smoking. 

When we compared chromatographic 
data for the starting material and the 
extracts after smoking (Fig. 1), we 
observed a tendency for the percentage 
of A9THC to increase as a result of 
smoking when a much higher concen- 
tration of CBD than A9THC is present 
initially. From these findings it is possi- 
ble to hypothesize that a small part 
of the CBD is being cyclized into 
A9THC during smoking (Fig. 2.) This 
process could occur at acidic pH (as 
in cigarette smoke) through ring clos- 
ing in CBD (8). This could further 
explain the observed activity of mari- 
huana with a low amount of AZ'THC 
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Fig. 2. Conversion of CBD to A'THC. 

Table 2. Gas chromatographic analysis of 
two preparations of A9THC and CBD used 
in combustion studies. 

Percentage 
Component Before After 

smoking smoking 

Preparation 1 
A?THC 95 22.5 
CBD 4 1.8 

Preparation 2 
CBD 96.3 21.2 
A9THC 3 4.7 
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in human smokers. Additional enrich- 
ment of A9THC and A8THC may come 
from decarboxylation of A9THC and 
A8THC acids to their active THC 
isomers, which also is known to take 
place (9). Experiments with labeled 
substances should provide :further evi- 
dence for partial cyclization of CBD. 
Finally, the observation that there is 
a relative increase of cannabinol (CBN) 
in either synthetic CBD or synthetic 
A9THC with smoking (Fig. 1) may be 
accounted for by dehydrogenation of 
these substances to CBN. 
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Histochemical Fluorescence of Raphe Neurons: 
Selective Enhancement by Tryptophan 

Abstract. The histochemical fluorescence of those neurons in brainstem raphe 
nuclei which are presumed to contain serotonin is selectively and stereospecifically 
enhanced by L-tryptophan at doses that also produce an elevation in the concen- 
tration of serotonin. However, contrary to our assumptions, the increase in raphe 
fluorescence is not prevented by p-chlorophenylalanine, an inhibitor of serotonin 
synthesis. These results suggest that under some conditions derivatives of trypto- 
phan other than, or in addition to, serotonin may be of significance in raphe 
neurons. 
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Neurons whose perikarya are situat- 
ed in the raphe nuclei of the brainstem 
have been implicated in a variety of 
functions including slow-wave sleep 
(1), habituation to sensory stimuli (2), 
and the action of D-lysergic acid diethy- 
lamide (3). Evidence derived from his- 
tochemical fluorescence (4) and other 
methods (5) suggests that raphe cells 
and their processes comprise the prin- 
cipal, if not the only, neurons in the 
brain containing serotonin [5-hydroxy- 
tryptamine (5-HT)]. However, existing 
approaches do not provide definitive 
proof of this thesis, as is illustrated by 
the fact that the histochemical fluores- 
cence studies employ drugs that ,are 
not entirely specific for 5-HT (for ex- 
ample, monoamine oxidase inhibitors 
and reserpine) (4). Furthermore, load- 
ing doses of the immediate precursor 
of 5-HT, 5-hydroxytryptophan, produce 
a large increase in the concentration of 
5-HT in brain (6), but fail to enhance 
appreciably the fluorescence of raphe 
neurons except in the presence of other 
drugs (4, 7). This negative result is pos- 
sibly accounted for by the nonspecific 
decarboxylation of 5-hydroxytryptophan 
and subsequent accumulation of 5-HT 
in abnormal sites [for example, endo- 
thelial cells (4, 7)]. 

Loading doses of tryptophan also 
cause an elevation in the concentration 
of 5-HT in the brain (8), presumably 
because tryptophan hydroxylase, the 
enzyme involved in the initial step of 
5-HT synthesis, has a high Michaelis 
constant (Km) (3 X 10-4 mole/liter), 
and concentration of tryptophan in the 
brain would not ordinarily saturate the 
enzyme (9). However, tryptophan 
hydroxylase, unlike enzymes that 
decarboxylate 5-hydroxytryptophan, 
should be selectively localized with- 
in cells normally containing 5-HT. 
Consistent with this notion is the 
fact that the regional distribution of 
5-HT follows a normal pattern af- 
ter loading with tryptophan but not 
5-hydroxytryptophan (10). On this 
basis, we reasoned that loading doses 
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of tryptophan would be effective in in- 
creasing the intensity of fluorescence of 
raphe neurons. 

The methods we used for the histo- 
chemical fluorescence experiments in- 
volved modifications (4, 11) of the 
formaldehyde condensation procedure 
for demonstrating monoamines in 
freeze-dried tissue as, originally de- 
scribed by Falck et al. (12). In brief, 
a total of 60 control or treated Charles 
River (C.D.) male rats were guillotined, 
and their brains were rapidly removed. 
Coronal slices, approximately 1 mm 
thick, were cut and rapidly quenched in 
a mixture of propane and propylene 
(10:1) cooled by liquid nitrogen. The 
tissues were then placed in a desiccator 
over P205 and freeze-dried in a vacuum 
at -45?C for 1 week. The dried tissue 
was exposed (1.5 hours) to formalde- 
hyde gas generated at 80?C from para- 
formaldehyde powder (1 g per 100 ml 
of chamber). The paraformaldehyde 
had previously been equilibrated with an 
atmosphere of 60 percent relative hu- 
midity. Tissues were embedded in par- 
affin in a vacuum, and sections (15 
,tm thick) were cut and mounted on 
glass slides in nonfluorescent emersion 
oil. Slides were examined by means of 

Table 1. Effect of L-tryptophan loading on 
concentrations of serotonin (5-HT) in whole 
brain of control rats and those previously 
treated with p-chlorophenylalanine. Rats in- 
jected with DL-p-chlorophenylalanine methyl 
ester hydrochloride (PCPA) received 400 
mg/kg intraperitoneally. Those rats treated 
with both PCPA and L-tryptophan received 
an injection of PCPA 28 hours before intra- 
peritoneal injection of L-tryptophan (100 mg/ 
kg) or vehicle (10 ml/kg). L-Tryptophan was 
dissolved in a vehicle (10 mg/ml) consisting 
of one drop of Tween per milliliter of distilled 
water. The changes from control are all sig- 
nificant at P<.001. 

Ani- 5-HT Change 
Treatment mals (ng/g + from 

(No.) S.E.) contrg/gol 

Control 9 340 ? 13 
PCPA 4 67 + 13 - 273 
L-Tryptophan 7 496 + 14 + 156 
PCPA + 

L-tryptophan 7 112 ? 12 - 228 
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