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FOREWORD 
The A C S S Y M P O S I U M SERIES was founded in 1974 to provide 
a medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing A D V A N C E S 
IN C H E M I S T R Y SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub
mitted by the authors in camera-ready form. Papers are re
viewed under the supervision of the Editors with the assistance 
of the Series Advisory Board and are selected to maintain the 
integrity of the symposia; however, verbatim reproductions of 
previously published papers are not accepted. Both reviews 
and reports of research are acceptable since symposia may 
embrace both types of presentation. 
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PREFACE 

HPhe preparations of Cannabis sativa L . , including marijuana and hash-
Α ish, represent the most widely used group of illicit drugs in the world; 

they are consumed by an estimated 300 million people. A recent poll by 
the National Institute of Drug Abuse indicated that 53% of the popula
tion in the U.S. between the ages of 18 and 25 have tried marijuana and 
that the percentage is increasing. 

In the last 15 years since Mechoulam isolated and identified the 
active ingredient in marijuana
has intensified, especially in the pharmacological area. The analytical 
chemistry of marijuana has progressed from the analysis of tetrahydro
cannabinol and other cannabinoids in plant material to the much more 
difficult problem of quantitation of tetrahydrocannabinol and its metabo
lites in physiological fluids. Recent advances in physiological fluid analy
sis were discussed in a symposium at the 173rd A C S National Meeting 
in New Orleans. This book offers representative papers from the different 
analytical methods presented at that meeting from worldwide experts in 
the field. Following an introductory paper, analytical methodologies 
using gas chromatography, mass spectroscopy, radioimmunoassay, high-
pressure liquid chromatography, and thin-layer chromatography are 
presented. 

It is a pleasure to express my gratitude to the participants in the 
symposium for their interest and enthusiasm as well as to their spirited 
discussions following presentation of the papers. To the authors of 
papers in this volume, a heartfelt thanks for their generous contribution 
of time and effort. The patience of my secretary, Debbie Camp, and the 
proofreading ability of my wife, Yvette, are also gratefully acknowledged. 

University of Scranton J O E A . V I N S O N 

Scranton, P A 18510 

January 2, 1979 
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1 

A Survey of Metabolic Transformations of 

Δ1-Tetrahydrocannabinol 

S U M N E R B U R S T E I N 

Worcester Foundation for Experimental Biology, Shrewsbury, M A 01545 

Comprehensive
t r a h y d r o c a n n a b i n o l (Δ -THC)  (1,2)
this paper will be limited to an overview o f the sub
ject w i t h a somewhat g r e a t e r emphasis on r ecen t d e v e l 
opments. 

It i s l e s s than e i g h t years s i n c e the first re
ports on this s u b j e c t have appeared. A t that t ime , 
four groups a lmost s i m u l t a n e o u s l y p u b l i s h e d f i n d i n g s on 
both Δ 1 and Δ 6 -THC, Nilsson e t al. (3), W a l l e t al. (4), 
Foltz et al. (5) and Burstein et al. (6). All four 
laboratories independen t ly showed t h a t the 7 position 
was h y d r o x y l a t e d i n  both Δ 1 and A 6 -THC (F igure 1). 
Thi s has s i n c e been shown to be the major initial p o i n t 
of metabol ism in virtually every system t e s t e d thus far. 

Δ — Tetrahydrocannabinol 

Annals of the New York 
Academy of Sciences 

Figure 1. Oxidation of Δ1-!ΉC (7) 

0-8412-0488-8/79/47-098-001$05.00/0 
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2 CANNABINOID ANALYSIS IN PHYSIOLOGICAL FLUIDS 

The characteristics o f this r e a c t i o n were s t u d i e d 
by Burstein and Kupfer (7) who showed t h a t it f o l l o w e d 
the pattern o f a typical m i x e d - f u n c t i o n ox idase system. 
They showed t h a t all the m e t a b o l i z i n g activity o c c u r r e d 
in the microsomal fraction and that oxygen and NADPH 
were required. Other agents such as SKF-525A (ß-di-
e t h y l a m i n o e t h y l d i p h e n y l p r o p y l acetate), Burstein and 
Kupfer (8 ) , and DDT, Kupfer et. al. (9 ) , were r e p o r t e d 
to inhibit this h y d r o x y l a t i o n p r o c e s s . 

Metabolite Metabolizing Metabolites Metabolizing Authors 
system 

Figure 2. Oxygenated metabolites of A^THC 

In the subsequent yea r s , a number of other mono-
hydroxy-Al-THC d e r i v a t i v e s have been i s o l a t e d from 
va r i o u s m e t a b o l i z i n g systems (Figure 2 ) . These have 
been of two types: hydroxyls a l l y l i c to the Δΐ-double 
bond and s i d e c h a i n h y d r o x y l s . No evidence f o r aromatic 
h y d r o x y l a t i o n has thus f a r been reported, although 
these p o s i t i o n s are c h e m i c a l l y r e a c t i v e and there i s 
bio c h e m i c a l evidence f o r C-C glucuronide formation a t 
the 4 ' - p o s i t i o n of Δ 6-ΤΗΟ. P o s s i b l y such c a t e c h o l type 
m e t a b o l i t e s of Δ 1-ΤΗΟ are unstable and may be l o s t dur
i n g the e x t r a c t i o n and i s o l a t i o n procedures. 
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1. BURSTEIN Metabolic Transformations 3 

Another expected monohydroxy-Δ -̂ -THC which has thus 
f a r remained undiscovered i s 3-0H-A1-THC. This p o s i 
t i o n i s both a l l y l i c and b e n z y l i c and would t h e r e f o r e 
be expected to be h i g h l y s u s c e p t i b l e t o a t t a c k . The 
p o s s i b i l i t y e x i s t s t h a t t h i s product i s , i n f a c t , formed 
but may r e a d i l y d i s s o c i a t e l e a d i n g to a Δ11 3-diene 
which c o u l d serve as a pr e c u r s o r t o other more s t a b l e 
m e t a b o l i t e s such as cannabinol (CBN). This p o i n t w i l l 
be d i s c u s s e d f u r t h e r i n connection w i t h c e r t a i n observed 
tr a n s f o r m a t i o n s i n a l a t e r s e c t i o n of t h i s paper. 

Research Communications in 
Chemical Pathology and Pharmacology 

Figure 3. Metabolism of ^-THC at the 7-position (10) 

S e v e r a l of the monohydroxy-THCs are f u r t h e r o x i 
d i z e d to the corresponding aldehydes or ketones. Ben-
Zvi and B u r s t e i n (10) have i d e n t i f i e d 7-oxo-A1-THC 
(lower l e f t of Fig u r e 2) as a product of A1-THC when 
incubated w i t h r a t l i v e r microsomes. Although i t has 
not been demonstrated, i t seems c e r t a i n t h a t 7-ΟΗ-Δ1-
THC i s the p r e c u r s o r f o r t h i s t r a n s f o r m a t i o n (Figure 
3). The l e v e l s of t h i s aldehyde i n human t i s s u e s are 
unknown a t t h i s time, however, i t i s of i n t e r e s t to 
speculate on the p o s s i b l e t o x i c o l o g i c a l e f f e c t s of such 
a substance p a r t i c u l a r l y i n a ch r o n i c exposure s i t u a 
t i o n . The a ,3-unsaturated aldehydes such as c r o t o n a l d e -
hyde are h i g h l y t o x i c and have been i m p l i c a t e d i n c a r 
c i n o g e n e s i s . While 7-oxo-A1-THC shows no acute e f f e c t s , 
long term exposure t o t h i s unsaturated aldehyde may 
produce u n d e s i r a b l e r e a c t i o n s . 

Gurny e t aJL. (11) have i s o l a t e d 6-keto-A 1-THC from 
the i n c u b a t i o n of monkey l i v e r w i t h Ai-THC. As w i t h 
the aldehyde above, i t seems l i k e l y t h a t the correspond
i n g hydroxy-THC i s the p r e c u r s o r of t h i s m e t a b o l i t e . 
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4 CANNABINOID ANALYSIS IN PHYSIOLOGICAL FLUIDS 

The compound 6a-0H-A1-THC has been found by Wal l (12) 
i n human plasma so th a t i t would not be s u r p r i s i n g i f 
there are d e t e c t a b l e l e v e l s of the ketone as w e l l . 

A monooxygenenated me t a b o l i t e which a r i s e s by a 
d i f f e r e n t process i s the Ια,2a-expoxide (Figure 2 ) . 
This substance was f i r s t r e p o r t e d by Gurny e t a l . (11) 
as a monkey l i v e r product from Δΐ-THC; i t has s i n c e 
been i s o l a t e d by Ben-Zvi and B u r s t e i n (12) who used 
r a b b i t l i v e r microsomes (Table 1). 

Table 1 

Metabolism of Δ ' - T H C by rabbit liver microsomes (12) 

T i c . Retention time Principal ionst 

zone Rf Assignment* (mm) (M/e) 

1 0 67 Δ ' - T H C acetate 
2 040 l,2i-Epoxyhcxahydro-

cannabinol acetate 298(100), 2XX(55). 274(75). 231(8 X) 
6 * - H y d r o x y - A ' - T H C 70 372(3 4), 354(100). 339(21), 3I2(X2). 297(65) 295(18) 

diacctatc 
3 0 30 7 -Hydroxy-A' -THC 7-5 372(3 8). 354(43). 312(100). 297(28). 259(31) 

diacctatc 
4 013 6a,7-Dihydroxy-A'-THC 113 412(34). 397(5). 370(9), 355(12). 337(47) 

triacetate 310(46), 295(1 (X)) 

* All materials were acctylatcd prior to t i c . with a mixture of acetic anhydride and pyridine. T i c . system: Silica 
gel G . hcxane ether (7:3) 

t T h e spectra were obtained on a Finnegan 1015 at 70 eV. The column conditions were: 2 ft. 2"„ O V - I ; 180 240 
(87min); carrier eas. H e : iniector temrv. 255'. Numbers in parentheses refer to relative intensities. 

Biochemical Pharmacology 

This m e t a b o l i t e l i k e the 7-oxo product mentioned above 
may a l s o have t o x i c o l o g i c a l consequences. Although 
c h e m i c a l l y q u i t e s t a b l e , i t may r e a c t i n v i v o w i t h 
c e l l u l a r components such as DNA which c o u l d l e a d t o pro
found a l t e r a t i o n s i n c e l l u l a r processes. 

The f u r t h e r o x i d a t i o n of the 7 - p o s i t i o n , t o a c a r -
boxy l i e a c i d group (Figure 3) leads to a major group 
of metabolic end products. The f i r s t substances i d e n 
t i f i e d i n t h i s s e r i e s were s i d e - c h a i n h y d r o x y l a t i o n s . 
The l"-and 2"-hydroxy d e r i v a t i v e s which were rep o r t e d 
by B u r s t e i n e t CLL. ( 1 3 ) and shown i n F i g u r e 4. These 
were found i n r a b b i t u r i n e and appeared t o be present 
as b a s e - s e n s i t i v e conjugates. 

The parent A 1-THC-7-oic a c i d (lower l e f t of F i g u r e 
4) has s i n c e been found i n the monkey by W a l l and B r i n e 
(1 4 ) and i n the mouse, Harvey and Paton ( 1 5 ) . The 
l a t t e r authors have a l s o reported the 3"-hydroxy d e r i 
v a t i v e and the 2",6-dihydroxy d e r i v a t i v e as met a b o l i t e s 
i n the mouse ( 1 6 ) . A s e r i e s of acids i n which the car -
b o x y l group i s i n the s i d e - c h a i n have been i s o l a t e d by 
Ma r t i n et_ a l . ( 1 7 ) . The s t r u c t u r e s were e s t a b l i s h e d 
by mass s p e c t r a l a n a l y s i s and by conversion to the 
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1. BURSTEIN Metabolic Transformations 5 

corresponding a l c o h o l s which had been s y n t h e s i z e d . The 
metab o l i t e s were shown t o be 5"-nor-A 1-THC-4"-oic a c i d , 
4",5"-bisnor-A 1-THC-3"-oic a c i d , and 3 " , 4 " , 5 " - t r i s n o r -
A 1-THC-2"-oic a c i d ; the second substance was a major 
product i n the guinea p i g . A f o u r t h m e t a b o l i t e i n which 
the s i d e - c h a i n was reduced to a s i n g l e c a r b o x y l group 
was t e n t a t i v e l y i d e n t i f i e d ; t h i s substance i s analogous 
to the CBN d e r i v a t i v e which was t e n t a t i v e l y r e p o r t e d by 
us (18,19). Nordquist e t a l . (20) i d e n t i f i e d a b i s n o r -
d i c a r b o x y l i c a c i d m e t a b o l i t e from the r a b b i t i n which 
the s i d e - c h a i n i s reduced t o three carbon atoms (Figure 
4). A l l of these acids and hydroxyacids probably r e 
present d e t o x i f i c a t i o n products of Δΐ-THC s i n c e they 
are a major f r a c t i o n of the exc r e t e d m e t a b o l i t e s . 

Polyhydroxy d e r i v a t i v e s of A1-THC have a l s o been 
i s o l a t e d by s e v e r a
i n v o l v e d are the sam
droxy-THCs and f o r the hydroxy-acids suggesting t h a t 
these a l l a r i s e by s i m i l a r pathways. 

Metabolite Metabolizing Authors Metabolite Metabolizing Authors 
system system 

Figure 4. Poly oxygenated metabolites of b}-THC 

For some time i t has been suspected t h a t ΔΙ-THC 
may be transformed i n t o CBN in_ v i v o . Widman et a l . 
(21) found a s m a l l amount of CBN i n r a t b i l e which 
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6 CANNABINOID ANALYSIS IN PHYSIOLOGICAL FLUIDS 

c o u l d not be e x p l a i n e d as a contaminant of the A1-THC 
which was admi n i s t e r e d . McCallum e_t a l . (22) have 
given more co n v i n c i n g evidence by monitoring r a t blood 
a t s h o r t time i n t e r v a l s post i n j e c t i o n (Figure 5 ) . An 
i n t e r e s t i n g f e a t u r e of t h e i r f i n d i n g s was the very 
t r a n s i e n t nature of the CBN i n blood. I t seems th a t 
the pharmacokinetics of CBN may be somewhat d i f f e r e n t 
than t h a t of A1-THC. 

TIME (SECONDS) 

Raven Press 

Figure 5. Cannabinoid blood concentrations after iv administration of 1 mg of 
ùJ-THC to the rat (22) 

I f CBN i s formed i n v i v o , the appearance of oxy
genated CBN metab o l i t e s as e x c r e t i o n products would be 
expected and t h i s has proven t o be the c a s t . Quite i n 
dependently, Ben-Zvi e t a l . (23) has i d e n t i f i e d CBN-7-
o i c as a s i z a b l e f r a c t i o n of the u r i n a r y monkey meta
b o l i t e s of A 1-THC. I t i s , of course, p o s s i b l e t h a t 
t h i s m e t a b o l i t e c o u l d a r i s e by a route not i n v o l v i n g 
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1. BURSTEIN Metabolic Transformations 7 

CBN i t s e l f . As shown below i n Fi g u r e 6, the aromatiza-
t i o n process c o u l d occur a f t e r the o x i d a t i o n of the 
methyl group by a sequence such as o u t l i n e d i n the upper 
p a r t of the f i g u r e . A l l of the intermediates i n t h i s 
proposed sequence have been shown to be met a b o l i t e s of 
A1-THC l e n d i n g support to t h i s pathway. 

Figure 6. Possible routes for the production of CBN-7-oic acid from ùJ-THC (19) 

The a l t e r n a t e route v i a CBN shown i n the lower 
p a r t of Fig u r e 6 i s a l s o supported by experimental 
f i n d i n g s . CBN has been r e p o r t e d to be converted t o 7-
OH-CBN by Widman e t a l . (24) and the f u r t h e r t r a n s f o r 
mation t o the a c i d was demonstrated by B u r s t e i n and 
V a r a n e l l i (18). 

The q u e s t i o n of how Δΐ-THC c o u l d be transformed 
to CBN was touched upon e a r l i e r i n t h i s paper. A 
p l a u s i b l e e x p l a n a t i o n i s t h a t one of the three a l l y l i c 
monohydroxy m e t a b o l i t e s of A1-THC undergoes a l o s s of 
water t o give the corresponding diene; t h i s i n t u r n 
c o u l d be r e a d i l y o x i d i z e d to the aromatic system (25). 

In view of the nature of t h i s symposium, i t i s 
app r o p r i a t e t o mention s e v e r a l other aspects of THC 
metabolism as a background f o r subsequent papers. As 
i n the above d i s c u s s i o n on tr a n s f o r m a t i o n products, the 
sub j e c t s of route of a d m i n i s t r a t i o n , species v a r i a t i o n , 
e x c r e t i o n p a t t e r n s and plasma l e v e l s are covered i n 
depth i n s e v e r a l monographs by Mechoulam (2 5), Braude 
and Szara (26) and Nahas et. a l . (27). Therefore, only 
a l i m i t e d number of r e p o r t s w i l l be c i t e d as examples 
of the type of data which has appeared. 

As can be r e a d i l y seen from F i g u r e 7, Lemberger 
(28) has found the route of a d m i n i s t r a t i o n has a major 

Raven Press 
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8 CANNABINOID ANALYSIS IN PHYSIOLOGICAL FLUIDS 

e f f e c t on plasma l e v e l s of Δ -THC. The intravenous 
route gave the h i g h e s t v a l u e s , i n h a l a t i o n was lower and 
the o r a l route gave the lowest. This seems reasonable 
since the drug i n the f i r s t i n s t a n c e i s i n j e c t e d d i 
r e c t l y i n t o the compartment where i t i s subsequently 
being measured. The plasma l e v e l s of m e t a b o l i t e s are 
somewhat higher than those of THC as i s shown i n F i g u r e 
8; a l s o there are the expected v a r i a t i o n s i n s u b j e c t s . 

1000 

100 

Hours after 1 4 C - A 9 - T H C administration 

Springer-Verlag 

Figure 7. Plasma levels of unchanged 14C-A9-THC after oral or iv administration 
and inhalation of 14C-A9-THC. Each curve represents a typical subject (28) 

A g u r e l l (30) has observed species d i f f e r e n c e s i n 
e x c r e t i o n p a t t e r n s as i s i l l u s t r a t e d i n F i g u r e 9. The 
r a t resembles man i n having a low p r o p o r t i o n of meta
b o l i t e s i n the u r i n e ; the r a b b i t , on the other hand, 
disposes of most of the me t a b o l i t e s v i a the kidney. 
These d i f f e r e n c e s are a l s o r e f l e c t e d i n the rat e of ex
c r e t i o n ; the r a b b i t being the most r a p i d . 

The composition of the m e t a b o l i t e mixtures shows 
a q u a n t i t a t i v e dependence on s p e c i e s . Table 2 com
pares the t r a n s f o r m a t i o n o f Δ 1-THC by r a t and mouse 
l i v e r microsomes under s i m i l a r c o n d i t i o n s . While the 
p r i n c i p a l products were the same i n both s p e c i e s , there 
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1. BURSTEiN Metabolic Transformations 9 

were s u b s t a n t i a l d i f f e r e n c e s i n the p r o p o r t i o n s of 
each. Moreover, the mouse appeared t o be more e f f e c 
t i v e i n m e t a b o l i z i n g A1-THC o v e r a l l . 

Time (hours) 

Science 

Figure 8. Plasma levels of ùJ-THC, ether-extractable radioactivity, and total 
radioactivity after iv injection of 14C-ùJ-THC (5.6-7.9 μβ/kg) in three human 

subjects (29). 

Time (days) Time (days) Time (days) 

Churchill Livingstone 

Figure 9. Cumulative excretion of label after administration of 3H-A1-THC in 
rat, rabbit, and human urine and feces (30) 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 
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Table 2 
Metabolism of Δ ̂ Tetrahydrocannabinol by 

Liver Microsomes (31) 

T L C 
Zone 

Percent 
Recovered 
Products'* 

Assignment6 Mousec Rat* 

1 0 67 Δ '-Tetrahydro
cannabinol acetate 

9 42 19 2 
2 0 40 6 α-Hydroxy- Δ l -

tetrahydro-
cannabinol 
diacetate 

26 3 10 0 

3 0 30 7-Hydroxy-A 1-
tetrahydro-
cannabinol 
diacetate 

34 1 53 3 

4 0 13 6a,7-Dihydroxy- Δ » -

triacetate (?) 

30 2 17 6 

α Recoveries of added radioactivity were approximately 50%. 6 A l l mate
rials were acetylated prior to T L C with a mixture of acetic anhydride and 
pyridine. c Adult male C D - I mice (30-33 g). d Adult male Sprague-Dawley 
rats (190-230 g). 

Journal of Pharmaceutical Sciences 

In summary, i t can be seen t h a t Ai-THC i s exten
s i v e l y transformed t o a number of m e t a b o l i t e s . F i g u r e 
10 shows a computer processed t o t a l i o n chromatogram of 
the m e t a b o l i t e s of A1-THC from mouse l i v e r . The main 
p o i n t i n showing t h i s chromatogram i s to emphasize the 
complexity of the me t a b o l i t e p i c t u r e . 

200 
22.12 

250 300 
27.43 33.14 

m/e (top) and RT (bottom; in min) 

350 
38.45 

Springer-Verlag 

Figure 10. The ̂ -THC metabolite region of a gas chromatogram using only the 
ions above m/e = 210 (15) 
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T h i s has been observed by o the rs i n the f i e l d u s i n g 
d i f f e r e n t methods o f a n a l y s i s such as au torad iochroma-
tography . Desp i t e the l a r g e number of p r o d u c t s , t h e r e 
seem to be a few pathways which account f o r most o f the 
m e t a b o l i t e s thus f a r i d e n t i f i e d . These i n v o l v e : (1) 
o x i d a t i o n a l l y l i c to the double bond, (2) s i d e - c h a i n 
o x i d a t i o n , and (3) a r o m a t i z a t i o n . 

T h i s s i t u a t i o n p resen t s a c h a l l e n g e to the a n a l y t i 
c a l chemis t , namely, which substance i s the most appro
p r i a t e fo r measurement. The answer would seem to de
pend on the o r i g i n o f the sample as w e l l as the i n g e 
n u i t y o f the chemis t i n deve lop ing a s e n s i t i v e , s p e c i 
f i c a s say . In the case o f f o r e n s i c assays , l e g a l i s t i c 
c o n s i d e r a t i o n s w i l l p robab ly s p e c i f y which substances 
are to be measured
of" i s i n v o k e d , th
a l s o have to be measured before judgment can be passed . 
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G L C and H P L C Analyses of Cannabinoids in Biological 

Fluids and Applications 

E. R. GARRETT1a, A. J. GOUYETTE1b, and C . A. HUNT1c 

College of Pharmacy, University of Florida, Gainesville, FL 32610 

Pharmacologica
noids (F ig . 1) have suffered from a lack of knowledge 
of t h e i r physico-chemical propert ies and the insensi
tivity of assays of Δ 9 - te t rahydrocannabinol 1, and its 
metabolites i n biological fluids. Unambiguous, sensi
tive, spec i f i c and accurate quan t i f i ca t ion is required 
for forensic toxicology and pharmacokinetic studies 
which can be corre la ted with the time course of the 
psychoactive effects (2) . 

The determination (3) of phys ica l and chemical 
propert ies such as solubility, stability, pKa, glass
-binding and prote in-binding of Δ 9 - t e t r ahydrocannab ino l 
1 and corre la ted congeners were only poss ible after the 
development of new high pressure liquid chromatography 
(HPLC) techniques and the modif icat ion of gas liquid 
chromatography (GLC) technologies. 

Clinical inves t iga t ions of Δ 9 - t e t r ahydrocannab ino l 
(4,5) and 1 1 - h y d r o x y - Δ 9 - t e t r a h y d r o c a n n a b i n o l (6) have 
relied upon analysis by radioact ive l a b e l i n g . However, 
the study of distribution, metabolism and excret ion of 
the drug and its metabolites under chronic or "street" 
condit ions demands nonradioactive a n a l y t i c a l proced
ures. When plasma suspensions of 1 4 C-Δ 9 - t e t r ahydrocan -
nabinol were administered intravenously to three dogs 
at doses of 0.1 - 2.0 mg/kg and plasma l eve l s of 1 
were followed for up to 7000 minutes, no s i g n i f i c a n t 
differences were seen in 1 plasma l eve l s as determined 
by liquid scintillation and elect ron capture detect ion 
(GLC) af ter HPLC collection. 

0-8412-0488-8/79/47-098-013$06.25/0 
© 1979 American Chemical Society 
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Figure 1. Structural formuhs of some cannabinoids 
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PHYSICOCHEMICAL PROPERTIES OF 
Δ 9-TETRAHYDROCANNABINOL 

S o l u b i l i t y 
Δ^-tetrahydrocannabinol i s a l i q u i d and i s h i g h l y 

i n s o l u b l e i n water (8-10). This can be a c r i t i c a l f a c 
t o r i n i t s b i o a v a i l a b i l i t y , pharmacokinetics and phar
m a c o l o g i c a l a c t i o n . Large d i f f e r e n c e s i n the b i o a v a i l 
a b i l i t y of tet r a h y d r o c a n n a b i n o l from v a r i o u s s o l u t i o n s 
and a d m i n i s t r a t i v e routes have been reporte d (9,10). 
Evidence has been presented (8) t h a t tetrahydrocannab
i n o l ' s s o l u b i l i t y may be exceeded i n plasma, r e s u l t i n g 
i n i t s p o s s i b l e p r e c i p i t a t i o n and f o r t u i t o u s l o c a l i z e d 
accumulation i n bod

The s o l u b i l i t i e
determined (7) by two methods: 1) Beer's law p l o t s were 
obtained by p l o t t i n g the absorbance a t one wavelength 
(225 nm) versus the amount of tet r a h y d r o c a n n a b i n o l 
added. The s o l u b i l i t y of te t r a h y d r o c a n n a b i n o l was de
termined as t h a t c o n c e n t r a t i o n a t which d e v i a t i o n from 
Beer's law was observed; 2) A m o d i f i c a t i o n of the pro
cedure of Saad and Hig u c h i (11) f o r determining s o l u 
b i l i t y by u s i n g a p a r t i c l e - s i z e counter was a l s o used; 
1_ formed m i c e l l e s when i t s s o l u b i l i t y was exceeded and 
the appearance of these m i c e l l e s was monitored by the 
counter. 

The s o l u b i l i t y of 1 in c r e a s e d as a l i n e a r f u n c t i o n 
of ethanol c o n c e n t r a t i o n (at constant i o n i c strength) 
and decreased w i t h the square r o o t of the i o n i c 
s t r e n g t h (at constant e t h a n o l c o n c e n t r a t i o n ) . " S a l t i n g -
out" c o e f f i c i e n t s were determined. The s o l u b i l i t y of 
1 i n 0.15 M NaCl was 0.77 m g / l i t e r a t 23° and extrapo
l a t i o n estimated a s o l u b i l i t y of 2.8 m g / l i t e r i n pure 
water. 

The p a r t i c l e - s i z e counting procedure overestimated 
the t r u e s o l u b i l i t y s i n c e there i s a l i m i t below which 
p a r t i c l e s i z e cannot be counted. The mean s o l u b i l i t y 
estimate was 1.05 m g / l i t e r by t h i s method i n 0.9% NaCl 
(0.154 Μ ) , i n good agreement w i t h the spectrophoto-
m e t r i c method. 

Spectrophotometric Determination of the pK' a(7) 
The pK' a of tet r a h y d r o c a n n a b i n o l was c a l c u l a t e d by 

employing the mo d i f i e d form of the Henderson-Hasselbach 
equation (12): 

l o g { ( e b - ε ) / ( ε - c a ) } λ = PH - pK' a 
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where e a(5,850) and e b(12,226) are the molar a b s o r b t i v -
i t i e s of the u n i o n i z e d and completely i o n i z e d drug 
measured a t the given wavelength λ (240 nm), respec
t i v e l y , and ε i s the apparent molar a b s o r p t i v i t y of a 
s o l u t i o n measured at a p a r t i c u l a r pH. The a b s o r p t i v i -
t i e s o f the i o n i z e d and u n i o n i z e d species were e s t i m a t 
ed u s i n g 0.5 Ν HC1 and 0.5 Ν NaOH. The pK' a was 
10.56 ± 0.16 Τ σ ) i n accordance w i t h Equation 1 ( F i g . 2), 

Journal of Pharmaceutical Sciences 

Figure 2. Spectre-photometric determination of the pK'a of A9-THC in accord
ance with log {(eb — e)/(e — €a)} = pH — pK!' a, where c 0 and eb are the mohr 
absorptivities of the unionized and completely ionized drug at 240 nm, respec

tively, and e is the apparent mohr absorptivity at the stated pH value (7). 
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This pK' a i s higher than would be a n t i c i p a t e d f o r 
o r t h o - and meta- s u b s t i t u t e d phenols s i n c e the ο meth-
oxyphenol has a pK' a of 9.98, m-methoxyphenol a pK' a of 
9.65 and r e s o r c i n o l a pK' a of 9.81 (13). A molecular 
model of the drug shows t h a t the f r e e r o t a t i o n of the 
p h e n o l i c hydrogen i s hindered by the A 9-hydrogen and 
can e x p l a i n A ^ - t e t r a h y d r o c a n n a b i n o l 1 s higher pK* a. Of 
course, i f s o l v a t e d dimers, t r i m e r s , e t c . , e x i s t w i t h 
hydrophobic bonding, the observed pK' a could be a hy
b r i d p K f

a f o r a s o l u t i o n of such polymers. 

G l a s s b i n d i n g 
The r a t e and extent of t e t r a h y d r o c a n n a b i n o l ( i n 

aqueous s o l u t i o n ) b i n d i n
face area of the g l a s s
and the c o n c e n t r a t i o n of the drug. About 20 and 40%, 
r e s p e c t i v e l y , of t e t r a h y d r o c a n n a b i n o l b i n d i n 50 ml 
v o l u m e t r i c f l a s k s at c o n c e n t r a t i o n s of 0.1 and 0.05 
yg/ml. At high drug c o n c e n t r a t i o n s (0.5 - 1.0 yg/ml) 
and a f t e r f u l l e q u i l i b r a t i o n , l e s s than 7% of the 
amount i n an aqueous s o l u t i o n was bound to g l a s s from 
v a r i o u s f l a s k s and t e s t tubes. 

P r e c o n d i t i o n i n g g l a s s w i t h strong a l k a l i or a c i d 
d i d not decrease the extent of b i n d i n g . New, unused 
glassware bound the drug to a s i m i l a r e x t e n t . Treat
ment of the f l a s k s w i t h a water s o l u b l e s i l i c o n e con
c e n t r a t e i n c r e a s e d the extent of b i n d i n g . However, 
vigorous shaking immediately p r i o r to sampling r e 
duced the degree of b i n d i n g , but no more than 50% i n 
any case. 

T r i m e t h y s i l y l treatment of glassware s i g n i f i c a n t l y 
reduced b i n d i n g . However, a t room temperature the 
bound f r a c t i o n of a 0.1 yg/ml s o l u t i o n i n c r e a s e d to the 
pretreatment l e v e l a f t e r 300 minutes. 

Polycarbonate, p o l y p r o p y l e n e , T e f l o n R , and s t a i n 
l e s s s t e e l c o n t a i n e r s showed more e x t e n s i v e b i n d i n g 
than g l a s s ( F i g . 3 ) . S i g n i f i c a n t r e t e n t i o n on g l a s s 
p i p e t s was observed. Of g r e a t importance i n the l i g h t 
of normal h a n d l i n g of samples of b i o l o g i c a l f l u i d s i s 
the f a c t t h a t 70 - 97% of the drug i n the v i a l s was 
l o s t to the rubber stopper a f t e r one hour of shaking of 
the stoppered v i a l s . 

Tetrahydrocannabinol i n whole blood or plasma a l s o 
binds to g l a s s . However, s i n c e t e t r a h y d r o c a n n a b i n o l 
p r o t e i n b i n d i n g i s very l a r g e , g l a s s b i n d i n g i s s i g n i f 
i c a n t l y reduced. The b i n d i n g of drug from plasma to 
the s i l y l - t r e a t e d glassware was n e g l i g i b l e . 
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Figure 3. Ghss binding of Δ9-ΤΗΟ showing the percent of drug added that re
mained in solution at various times for: (A) TMS-treated 50-mL volumetric flasks 
from an aqueous drug concentration of 0.1 pg/mL; (B) an aqueous drug concen
tration of 0.1 (xg/mL in untreated 50-mL volumetric flasks; (C) an aqueous drug 
concentration of 0.1 ^g/mL in water-soluble silicone concentrate-treated 50-mL 
volumetric flasks; (D) an aqueous drug concentration of 0.05 \x%/mL in untreated 
50-mL volumetric flasks; and (E) an aqueous drug concentration of 0.1 pg/mL in 
a 20-mL stainless steel ultracentrifuge tube. Each point is the mean of four sepa

rate determinations (7). 
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P r o t e i n - B i n d i n g 
When tetra h y d r o c a n n a b i n o l i n i s o t o n i c phosphate 

b u f f e r was d i a l y z e d a g a i n s t i s o t o n i c phosphate b u f f e r , 
50 - 100% of the drug was bound to the t u b i n g used as 
the membrane. A l l of the drug was bound below 0.05 
yg/ml. U l t r a f i l t r a t i o n was e q u a l l y u n s u c c e s s f u l , s i n c e 
only 0 - 5% of the drug i n i s o t o n i c phosphate b u f f e r 
was recovered i n the u l t r a f i l t r a t e . 

The only other known study on the b i n d i n g of Δ 9-
t e t r a h y d r o c a n n a b i n o l to plasma p r o t e i n s was performed 
w i t h e l e c t r o p h o r e t i c techniques on t r i t i u m - l a b e l e d 
m a t e r i a l and human plasma (14). The compound was 90 -
95% a s s o c i a t e d w i t h l i p o p r o t e i n s . 

Because of t h i s e x t e n s i v e plasma p r o t e i n b i n d i n g , 
a method of v a r i a b l  plasm  c o n c e n t r a t i o n  devised 
(7) which took advantag
blood c e l l s and plasma p r o t e i  f o  the f r e e drug
plasma water. The red blood c e l l d i s t r i b u t i o n c o e f f i c 
i e n t , D = ( A j ^ ^ O / i A ^ ) , was 12.5 f o r the dog red b l o o d 
c e l l s where (AJ^Q) i s the c o n c e n t r a t i o n of drug i n the 
red blood c e l l s and (A u) i s the c o n c e n t r a t i o n of un
bound drug i n plasma. The f u n c t i o n of t e t r a h y d r o 
cannabinol bound t o plasma p r o t e i n was independent of 
drug c o n c e n t r a t i o n . The f r a c t i o n 0.9 72 of t e t r a h y d r o 
cannabinol i n plasma was bound a t normal p r o t e i n con
c e n t r a t i o n s . The developed procedure can be used 
r o u t i n e l y t o determine the p r o t e i n b i n d i n g of i n d i v i d 
u a l s u b j e c t s . I t permits more accurate estimates a t 
high degrees of p r o t e i n b i n d i n g which the normal e r r o r s 
i n c l a s s i c a l methods would not a l l o w . 

SEPARATION AND ANALYSES 

P u r i f i c a t i o n of Cannabinoids by High Pressure 
L i q u i d Chromatography (HPLC) (15,16) 
The 1 4 C - A 9 - t e t r a h y d r o c a n n a b i n o l used as s u p p l i e d by 

NIDA was checked f o r p u r i t y on reverse and normal phase 
HPLC and was contaminated by two compounds which were 
not f u r t h e r analyzed. The q u a l i t y of the water used i n 
the e l u t i n g s o l v e n t a c e t o n i t r i l e - w a t e r i n reverse phase 
(column: Bondapack C-18 R; e l u e n t : 45% a c e t o n i t r i l e i n 
water at 2.5 ml/min) was an important f a c t o r i n main
t a i n i n g the r e p r o d u c i b i l i t y of the percent r a d i o 
a c t i v i t y recovered f o r a given c o l l e c t i o n range. On 
normal phase HPLC (column: y - P o r a s i l R , e l u e n t : 5% 
t e t r a h y d r o f u r a n i n n-hexane a t 0.5 ml/min) Δ 8- and 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
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A^-tetrahydrocannabinol were q u a n t i t a t i v e l y separated 
w i t h r e s p e c t i v e r e t e n t i o n volumes of 6.37 and 6.62 ml 
(the dead volume between the UV d e t e c t o r and the c o l 
l e c t i o n p o i n t was 0.46 ml as determined by the iodoform 
t e s t ) . C a n n a b i d i o l i n the same system had a r e t e n t i o n 
volume of 6.06 ml. 

The e t h a n o l i c stock s o l u t i o n of t r a n s - c a n n a b i d i o l 
10, o r i g i n a l l y analyzed by gas l i q u i d chromatography 
TGLC) (column: 3% OV-17 on 100-120 mesh Gas Chrom Q, 
1.8 m, 240) showed contamination w i t h t r a c e s of hexa-
hydrocannabinol 1JL, A^-tetrahydrocannabinol 1 (12.2%), 
cannabinol 12 (0.65%) and three u n i d e n t i f i e d compounds 
( t o t a l 0.66%T. This s o l u t i o n was p u r i f i e d on two 
y - P o r a s i l R column i n s e r i e s , u s i n g 5% t e t r a h y d o f u r a n i n 
n-hexane (0.5 ml/min), where the r e t e n t i o n volume of 
cannabinol 10. A 8 - t e t r a h y d r o c a n n a b i n o l ,2/ a n d δ 9

t e t r a h y d r o c a n n a b i n o
r e s p e c t i v e l y ( F i g  4)  a n a l y s i
c o l l e c t i o n s showed g r e a t e r than 99.5% p u r i t y w i t h l e s s 
than 0.3% contamination by t e t r a h y d r o c a n n a b i n o l and 
n e g l i g i b l e other peaks. 

Another s o l v e n t system was a l s o used to r e s o l v e 
t e t r a h y d r o c a n n a b i n o l , cannabinol and c a n n a b i d i o l by the 
normal phase HPLC (column: y - P o r a s i l R ; e l u e n t ; 20% 
chloroform i n heptane a t 2.5 ml/min). However, the 
chosen c o l l e c t i o n range would a l s o c o l l e c t cannabinol 
and c a n n a b i d i o l i f 98% of the t e t r a h y d r o c a n n a b i n o l were 
to be c o l l e c t e d . The r e t e n t i o n volumes of c a n n a b i d i o l 
and cannabinol r e l a t i v e t o 1 s i g n i f i c a n t l y d i verged 
w i t h i n c r e a s i n g percentages of i n c r e a s e d percent of 
chloroform i n heptane to g i v e b e t t e r s e p a r a t i o n . 

The monohydroxylated m e t a b o l i t e s had l a r g e r e t e n 
t i o n volumes (> 15 ml) on the normal phase column when 
20% chloroform i n heptane was the s o l v e n t and c o u l d be 
completely separated from t e t r a h y d r o c a n n a b i n o l on t h i s 
system. They were r e s o l v e d from each other w i t h a more 
p o l a r s o l v e n t , 80% c h l o r o f o r m i n heptane. 

A^-Tetrahydrocannabinol and l l - h y d r o x y - A 9 - t e t r a -
hydrocannabinol were q u a n t i t a t i v e l y separable on the 
reverse phase HPLC system a t 47% (or l e s s ) a c e t o n i t r i l e 
i n water. The c o l l e c t i o n e f f i c i e n c i e s i n the chosen 
ranges were 98% of the r e c o v e r a b l e r a d i o a c t i v i t i e s of 
3 H - l l - h y d r o x y - A 9 - t e t r a h y d r o c a n n a b i n o l and 14c-A 9-
tet r a h y d r o c a n n a b i n o l ( F i g . 5). Δ 8- and Δ^-Tetrahydro-
cannabinol were not r e a d i l y r e s o l v a b l e i n any of these 
systems. However, the pooled f r a c t i o n of 1 and _2 could 
be r e s o l v e d ( F i g . 4) on the normal phase HPLC (5% t e t -
rahydrofuran i n n-hexane). 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
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Figure 4. Normal phase HPLC separation of cannabinoids (two μ-Porasïl® col
umns in series) using 5% THF in n-hexane at a flow rate of 0.5 mL/min 
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Figure 5. Retention volumes for the peak amounts of (Φ), A9-THC and (0)> H-
hydroxy-&9-THC for reverse-phase HPLC vs. solvent composition. Each point 
represents the mean peak retention volume for two determinations. The vertical 
bars represent the ranges of retention volumes that contained approximately 98% 
of the area under the plot of recovered radioactivity vs. retention volume (15). 
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Cannabinol, Δ 8 - and Δ 9-tetrahydrocannabinol had 
the same re t e n t i o n volumes of 0.05 ml on a y - P o r a s i l R 

column with 30% tetrahydrofuran i n n-hexane and were 
separated from the a c i d degradation products with re
spective r e t e n t i o n volumes of 9.5 and l l . t H m l . The 
c o l l e c t i o n f r a c t i o n containing the tetrahydrocannabinol 
could be p u r i f i e d l a t e r using the 5% tetrahydrofuran-
hexane solvent system. 

E f f e c t of HPLC Separation on GLC Analysis of Δ 9 -
Tetrahydrocannabinol i n Plasma (15) 

An equal amount of Δ 9-tetrahydrocannabinol and 
l l - h y d r o x y - Δ ^ t e t r a h y d r o c a n n a b i n o l i n 2 ml dog plasma 
(the pH was adjuste
of 0.1 Ν Na2CU3 prepare
Bondapak C 18 R column) was extracted i n a s i l y l a t e d 
tube by heptane with 1.5% isoamyl a l c o h o l . In t h i s 
e x tract, the compounds were separated from a majority 
of extracted components by reverse phase HPLC. The 
reduction in p o t e n t i a l contaminants from plasma ob
servable on GLC was demonstrated by flame i o n i z a t i o n 
GLC a n a l y s i s (17,18) both before and a f t e r HPLC t r e a t 
ment (Fig. 6). 

The normal phase HPLC (20% chloroform i n heptane) 
could separate Δ 9-tetrahydrocannabinol from monohydrox-
yl a t e d metabolites and from l l - h y d r o x y - Δ 9 - t e t r a h y d r o 
cannabinol. However, a minor overlap could be avoided 
by c o l l e c t i n g the tetrahydrocannabinol 1 i n a s l i g h t l y 
narrower volume range. The p r i o r heptane e x t r a c t i o n 
of a l k a l i n i z e d plasma had separated these non-polar 
constituents from any a c i d i c metabolite. This separa
t i o n of plasma extracts and normal phase HPLC c o l l e c 
t i o n of volumes i n the appropriate range r e s u l t e d i n a 
s u b s t a n t i a l reduction i n GLC background from plasma 
components for d e r i v a t i z e d tetrahydrocannabinol ana
lyzed with e l e c t r o n capture (63^1) detection. 

Plasma samples obtained from dogs, administered 
Δ 9-tetrahydrocannabinol s o l u t i o n s intraveneously, were 
analyzed by the e l e c t r o n capture GLC i n accordance with 
the modified procedures described herein that included 
e x t r a c t i o n , normal phase HPLC separation and d e r i v a t i -
zation except that no i n t e r n a l standard was added. 
These procedures would have included any cannabinol or 
cannabidiol i n the HPLC c o l l e c t i o n volume range used. 
However, no peaks were seen at the retention times of 
cannabinol or cannabinol pentafluorobenzoate and no 
s i g n i f i c a n t amounts of cannabinol or cannabidiol could 
be detected as metabolites of 1 i n the dog. Thus 
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RETENTION TIME : MINUTES 

Journal of Pharmaceutical Sciences 

Figure 6. GLC (FID) of an extract of 2 mL of plasma containing A 9 - T H C , Peak 
I (200 ng/mL), and ll-hydroxy-A9-THC, Peak II (200 ng/mL), before (A) and 
after (B) reversed-phase HPLC separation of both cannabinoids over a range of 

predetermined collection volumes. 

(A) A 1 mL aliquot of 18 μL of extract was injected into the gas chromât ο graph prior 
to HPLC. (B) A 10 mL aliquot of 18 μL of the extract was injected into the liquid 
chromât ο graph; the collected fraction was reconstituted in 10 μL of chloroform, and 
1 μL was injected into the gas chromât ο graph. Peak III is the solvent; Peak IV is an 
unknown from plasma. For HPLC, the column was Corasil C18; the eluent was 51 % 
acetonitrile in water at 1.5 mL/min. For GLC, the column was 1.5 m (5 ft) X 2 mm, 
1.9% OV-225 at 245°, with a nitrogen flow of 24 mL/min. An attenuation of 8 X 10'12 

was used for both chromatograms. The initial baselines and injection times for both 
chromatograms are superimposed for comparison (15). 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
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e i t h e r compound, when p u r i f i e d should serve as an ap
p r o p r i a t e i n t e r n a l standard i n pharmacokinetic s t u d i e s . 
Since cannabinol has been reported as a minor metabo
l i t e (19,20), c a n n a b i d i o l pentafluorobenzoate was 
chosen as the i n t e r n a l standard. I t must be r e a l i z e d 
t h a t c a n n a b i n o l , now, i s known to be a contaminant of 
degraded A^-tetrahydrocannabinol (16,18). 

The GLC methodology presented h e r e i n d i f f e r e d from 
p r i o r s t u d i e s (17) i n t h a t the s h o r t 30 cm column of 
3% OV-225 was supplanted by a longer OV-17 packed 
column to be c o n s i s t e n t w i t h the data i n the l i t e r a t u r e 
accumulated f o r the r e s o l u t i o n of the cannbinols 
(23-25) . 

However, the e f f i c i e n c i e s of the s e p a r a t i o n of 
these two types of columns (OV-17 and OV-225) were 
compared f o r a mixtur
of the a c i d degradatio
d e t e c t i o n . The r e t e n t i o n times r o r both columns are 
given i n Table I and c l e a r l y show the s u p e r i o r i t y of 
OV-225 i n peak s e p a r a t i o n of these p a r t i c u l a r com
pounds . 

TABLE I 

Comparison of Retention Times of a Mixture of HPLC-
Purified Cannabinoids and Products of Acid Degradation 

of Different Columns* (From Reference 16) 
OV--225 

Ret. time 
OV-17 

Ret. time 
Compounds Retention r e l a t i v e R e t e n t i o n r e l a t i v e 

time (min) to 4 time (min) to 4 
ΔΗ-Tetrahydro-
cannabinol 2 4.93 0.38 4.65 0.58 
A 9-Tetrahydro-
cannabinol 1 5.53 0.41 5.19 0.64 
Cannabinol 12 8.45 0.64 6.43 0.80 
9,10-Dihydro-
9-hydroxyiso-
c a n n a b i d i o l 6 10.62 0.81 7.35 0.91 
9-Hydroxy-
hexahydro-
cannabinol 4 13.14 1.00 8.07 1.00 
*3% on Gas Chrom Q (100-120 mesh); column, l e n g t h 1.8m, 
temperature 235°; d e t e c t o r and i n j e c t o r temperature, 
260O; helium f l o w , 35 ml/min; hydrogen f l o w , 30 ml/min; 
a i r flow, 300 ml/min. 

Journal of Pharmaceutical Sciences 
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APPLICATIONS 

S t a b i l i t y of Tetrahydrocannabinol i n Aqueous 
S o l u t i o n s (16,18) 
Previous s t u d i e s (18) on the s t a b i l i t y of Δ 9-

tetra h y d r o c a n n a b i n o l i n a c i d i c media below pH 4 moni
tored by GLC demonstrated an apparent b i p h a s i c semilog-
a r i t h m i c p l o t of undegraded 1 ag a i n s t time; e i t h e r 
there was formed an intermedTate which has the same r e 
t e n t i o n time as 1 t h a t a l s o gave r i s e to the observed 
products or there was a r e l a t i v e l y r a p i d e q u i l i b r a t i o n 
of A9-tetrahydrocannabinol 1 w i t h another compound and 
slower f u r t h e r i r r e v e r s i b l e degradation of one or a l l 
of these compounds
1 4 C - l a b e l e d and non-labele
reasons why t h i s problem was not solved were t h a t the 
s p e c i f i c a c t i v i t y or the c o n c e n t r a t i o n were too low, 
a d d i t i o n a l s t u d i e s (16) a t co n c e n t r a t i o n s about 10 mg/1 
of HPLC p u r i f i e d 1 were c a r r i e d out i n 20% e t h a n o l i c 
s o l u t i o n s (0.1N HC1) . The GLC (OV-17) analyses of the 
degraded products are summarized i n Table 2. The 
r e t e n t i o n times of the d i f f e r e n t compounds were the 

TABLE 2 

GLCa Characterization of Acid Degradation^ of HPLC-
Purified t\d-Tetrahydrocannabinol in 20% Ethanol 

in 0.1 Jl HC1 (from reference 16) 

R e t e n t i o n Percent of 
T o t a l A r e a c Compound 

4 .00 0.66 Cannabinol 10_ 
4 .90 1.49 Δ^-Tetrahydrocannabinol ,2 
5 .44 81.53 A 9-Tetrahydrocannabinol 1_ 
6 .66 9.62 Cannabinol 12̂  

7 .43 2.57 
9,10-Dihydroxy-9-hydroxy-

i s o c a n n a b i d i o l £ 
8 .43 1.55 9-Hydroxyhexahydrocannabinol £ 

9 .18 2.16 
6 ,12-Dihydro-6-hydroxy-

c a n n a b i d i o l 8 

helium, 35 ml/min; a i r , 300 ml/min; hydrogen, 30 ml/ 
min. 

b 100 ml 1.0 Ν HC1, 200 ml EtOH, 700 ml H 20 a t 60° f o r 
30 min. 

c The t o t a l i s not 100% s i n c e there are some minor 
u n i d e n t i f i e d peaks. Journal of Pharmaceutical Sciences 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
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same as f o r p u r i f i e d a u t h e n t i c m a t e r i a l s . The i d e n t i 
f i c a t i o n of c a n n a b i d i o l 1£ a t r e t e n t i o n time of 4.00 
minutes and 6,12-dihydro-6-hydroxy-cannabidiol IB, a t 
9.18 minutes was done by GC-mass spectrometry. E q u i l i 
b r i a c o u l d then be p o s t u l a t e d among Δ^-tetrahydrocan-
n a b i n o l 1, c a n n a b i d i o l 10, 6,12-dihydro-6-hydroxycan-
n a b i d i o l 8_ and possibly~Tsocannabidiol 9̂  (Scheme I) . 
This was challenged by s u b j e c t i n g HPLC p u r i f i e d cannab
i d i o l 10_ (with a A9-tetrahydrocannabinol content l e s s 
than 0.3%) to degradation under the same c o n d i t i o n s and 
assaying the r e s u l t a n t products by GLC (Table 3 ). The 
appearance of 1, £ and $_ was c o n f i r m a t o r y . 

Furthermore, a k i n e t i c study of c a n n a b i d i o l degra
d a t i o n u s i n g 4-androsten-3,17-dione as an i n t e r n a l 
standard showed a b i p h a s i c d e c l i n e i n s e m i l o g a r i t h m i c 
p l o t t i n g a g a i n s t tim  (16)  Concomitan  w i t h th  i n i
t i a l d e c l i n e i s an appearanc
o l 1, undoubtly due to a c i d - c a t a l y z e d c y c l i z a t i o n . The 
almost simultaneous appearance of £ can be due t o the 
r e v e r s i b l e a c i d - c a t a l y z e d h y d r a t i o n of the e x o c y c l i c 
double bond of c a n n a b i d i o l 1£, or the a c i d i c cleavage 
of the ether l i n k a g e of 1̂  i n the e q u i l i b r i u m . The r e 
tarded appearance of 6_ i n d i c a t e s t h a t a c i d - c a t a l y z e d 
h y d r a t i o n of the e n d o c y c l i c bond may p r e f e r e n t i a l l y be 
e f f e c t e d o n ly when the i n t a c t ether l i n k a g e of 1̂  e x i s t s . 
The f i n a l e q u i l i b r i a must favor 4, 6_ and A 8 - t e t r a h y d r o -
cannabinol 2_ where dehydration oT 4_ favors the Δ 8-
c o n f i g u r a t i o n . 

The formation of cannabinol i n n i t r o g e n purged a c i 
d i c s o l u t i o n s was d i f f i c u l t t o e x p l a i n i n the absence 
of o x i d i z i n g agents (18). The probable route i s by a 
d i s p r o p o r t i o n a t i o n of .1 to hexahydrocannabinol 11^ and 
cannabinol 12̂ . GLC analyses (16) of the contents of 
a c i d aqueous s o l u t i o n s of 1 (reacted under d i f f e r e n t 
c o n d i t i o n s ) gave s i g n i f i c a n t areas under the peaks 
as s i g n a b l e to hexahydrocannabinol 11 and cann a b i n o l . 
Both peaks were present together; Eoth were absent when 
degradations were e f f e c t e d i n HPLC p u r i f i e d water and 
when the glassware was p r e v i o u s l y s i l y l a t e d ( R e g i s i l R ) . 
The use of TLC p u r i f i e d 1_ showed both products 11 and 
12. A l s o , when the water used was pre-extractecTwith 
chloroform, f o r both untreated or a q u e o u s - s i l i c o n e 
( S i l i c l a d R ) coated glassware, both of these products 
were present i n high evidence. 

Thus i t can be concluded t h a t t r a c e s of chloroform 
i n the r e a c t i o n mixture and t r a c e s of s i l i c i c a c i d from 
TLC p l a t e s c a t a l y z e the formation of f r e e r a d i c a l s and 
le a d to the d i s p r o p o r t i o n a t i o n of 1. to 11 and 12 
(Scheme I I ) . The r a d i c a l Γ3 i s s t a b i l i z e d by the ben
zene r i n g and the a l l y l i c a c t i v a t i o n of the C-10 ben-
z l i c hydrogen. 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
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Equivalency of Radiochemical Analyses of 1 4 Ο Δ 9 -
Tetrahydrocannabinol and GLC E l e c t r o n Capture 
D e t e c t i o n of D e r i v a t i z e d M a t e r i a l a f t e r Normal 
Phase HPLC i n Dog Plasma (14) 

The heptane e x t r a c t i o n e f f i c i e n c y from plasma was 
h i g h l y r e p r o d u c i b l e over a wide range of plasma concen-
t r a t i o n s d - 100 ng/ml) : 9 0 . 6 ± 0.7% (SEM) . 

The recovery of 1̂  from the heptane e x t r a c t of dog 
plasma by normal phase HPLC was r e p r o d u c i b l e over the 
range of plasma c o n c e n t r a t i o n s s t u d i e d . E q u i v a l e n t 
o v e r a l l r e c o v e r i e s were obtained by both r a d i o c h e m i c a l 
a n a l y s i s ( 8 3 . 7 ± 1.8% SE) and e l e c t r o n - c a p t u r e GLC 
a n a l y s i s ( 8 4 . 0 ± 4 .9% SE) of the d e r i v a t i z e d t e t r a h y 
drocannabinol . 

Both methods permitted e s t i m a t i o f  92 .5%
covery of the amoun
HPLC and c o l l e c t e d i  range

A s i m i l a r study of the r e p r o d u c i b i l i t y of c o l l e c 
t i o n of 1 4 C - A 9 - t e t r a h y d r o c a n n a b i n o l i n plasma assayed 
by l i q u i d s c i n t i l l a t i o n a f t e r e x t r a c t i o n and r e v e r s e -
phase HPLC was a l s o conducted. The amounts recovered 
were p r o p o r t i o n a l to the amounts i n j e c t e d , and the HPLC 
recovery e f f i c i e n c y of the drug i n the heptane e x t r a c t 
was 9 5 . 7 % . 

The plasma of a dog i n t r a v e n o u s l y administered 
s o l u t i o n s of l ^ c - A ^ - t e t r a h y d r o c a n n a b i n o l was monitored 
w i t h time a f t e r heptane e x t r a c t i o n by both r a d i o 
chemical a n a l y s i s and e l e c t r o n - c a p t u r e GLC of the de
r i v a t i v e of the a p p r o p r i a t e l y c o l l e c t e d e l u a t e f r a c t i o n 
from normal phase HPLC. T y p i c a l p l o t s of the time 
course of the r e s u l t s from both methods are given i n 
Fig u r e 7 . 

The procedure f o r GLC a n a l y s i s gave a lower l i m i t 
f o r q u a n t i t a t i o n of 1 i n plasma of approximately 1 
ng/ml from twice the standard d e v i a t i o n ( 0 . 3 2 ng) ob
ta i n e d f o r the amount of 1̂  recovered from 2 . 2 5 ng i n 
2 ml of plasma. S i m i l a r l y , the procedure f o r r a d i o 
chemical a n a l y s i s gave a lower l i m i t of approximately 
0 . 2 ng/ml from twice the standard d e v i a t i o n ( 0 . 0 8 4 ng) . 
A s t a t i s t i c a l a n a l y s i s of the apparent d i f f e r e n c e s be
tween the tet r a h y d r o c a n n a b i n o l assays a t a given time 
from both a n a l y t i c a l methods showed no s i g n i f i c a n c e . 

This demonstrated t h a t a l l of the recovered r a d i o 
a c t i v i t y from the HPLC s e p a r a t i o n procedure could be 
assigned to 1, assayed s p e c i f i c a l l y by e l e c t r o n - c a p t u r e 
GLC, and thus no s i g n i f i c a n t amounts of r a d i o l a b e l l e d 
m e t a b o l i t e s were i n the c o l l e c t e d HPLC f r a c t i o n s . 
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Figure 7. Semilogarithmic plots of fraction of the A9-THC, 2.0 mg/kg dose/mL 
of plasma, vs. time for Dog A from (O), the liquid scintilhtion analysis of the 
total 14C collected as A9-THC on normal-phase HPLC and from (Φ), the electron-
capture GLC of the derivatized HPLC collected fraction. The values were cor

rected for the fractions of extracts and total collection range used (15). 
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Pharmacokinetic S t u d i e s i n Dogs 
When plasma suspensions of 1 4 C - A 9 - t e t r a h y d r o c a n n a b -

i n o l 1 were administered i n t r a v e n o u s l y t o three dogs a t 
doses of 0.1 - 2.0 mg/kg and plasma l e v e l s of ]L were 
fo l l o w e d f o r up t o 7000 minutes, no s i g n i f i c a n t d i f f e r 
ences were seen i n 1̂  plasma l e v e l s as determined by 
l i q u i d s c i n t i l l a t i o n and e l e c t r o n capture GLC a f t e r 
HPLC c o l l e c t i o n . 

The time courses f o r the f r a c t i o n of the dose per 
ml of plasma f o r each study was f i t by a sum of f i v e 
e x p o n e n t i a l s . The f i t s were not s t a t i s t i c a l l y d i f f e r 
ent e i t h e r among dogs or between doses and t h e r e f o r e , 
no dose-dependency was concluded f o r the dose range 
s t u d i e d . The mean apparent volume of d i s t r i b u t i o n of 
1_, referenced to t o t a l dru  i  plasma  1.31 ± 0.07 
l i t e r s , was s l i g h t l
mean, o v e r a l l metabolic c l e a r a n c e , CI = 124.0 ± 3 ml/ 
min, was approximately 50% of the estimated h e p a t i c 
plasma f l o w , i n d i c a t i n g t h a t both unbound (3%) and 
plasma p r o t e i n bound (-97%) drug were c l e a r e d by the 
l i v e r . The mean, f i r s t - o r d e r metabolic r a t e constant, 
k M = 0.1 ± 0.005 min" 1 ( t ^ = 6.93 ± 0.3 min), demon
s t r a t e d the r a p i d metabolism of 1̂ . Return of 1 from 
t i s s u e s became the dominant r a t e determining process 
a f t e r 300 min. The mean c a l c u l a t e d h a l f - l i f e of !L i n 
plasma, t ^ = 8.2 ±0.23 days, was a r e s u l t of a slow 
r e t u r n of 1 from t i s s u e s and r e s u l t e d from a substan
t i a l accumulation of 1_ i n deep compartments. An aver
age of 24% of the dose remained unmetabolized i n t i s 
sues a f t e r 5 days. 

An i n s i g n i f i c a n t amount of 1_ (0.01%) was e l i m i n a t e d 
unchanged. The major f r a c t i o n of the dose (40 - 45%) 
was e l i m i n a t e d as m e t a b o l i t e s i n feces w i t h i n 5 days, 
w i t h 14 - 16.5% e l i m i n a t e d as m e t a b o l i t e s i n u r i n e f o r 
the same i n t e r v a l . When the b i l e duct of one of the 
dogs was cannulated and no b i l e was allowed to r e c i r 
c u l a t e , 55% of the dose was e l i m i n a t e d as m e t a b o l i t e s 
i n b i l e w i t h i n 5 days, i n d i c a t i n g an en t e r o h e p a t i c r e 
c i r c u l a t i o n of 10 - 15% of the dose as m e t a b o l i t e s . 

I n t r a v e n o u s l y administered b i l i a r y m e t a b o l i t e s were 
r a p i d l y e l i m i n a t e d i n both b i l e and u r i n e , supporting 
the p r o p o s i t i o n t h a t the r e t u r n of !L from t i s s u e s was 
the r a t e determining step process a f t e r i n i t i a l d i s 
t r i b u t i o n . 
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CONCLUSIONS 

I t i s c l e a r t h a t a l l r e l e v a n t physicochemical prop
e r t i e s of a drug should be obtained p r i o r to i n i t i a t i n g 
d e t a i l e d pharmacokinetic i n v e s t i g a t i o n s (3). 

The extremely low s o l u b i l i t y of 1̂  (2.8 mg/1 i n 
water and 0.77 mg/1 i n 0.15 M NaCl a t 23°) must c e r 
t a i n l y a f f e c t i t s b i o a v a i l a b i l i t y on o r a l dosing of 
amounts wherein the s o l u b i l i t y i s exceeded. Tetrahy
drocannabinol i n excess of i t s s o l u b i l i t y i n s t a n t a 
neously forms a s t a b l e emulsion or m i c e l l a r d i s p e r s i o n . 
Advantage can be taken of the h i g h p r o t e i n b i n d i n g of _1 
to a d m i n i s t e r p l a s m a - s o l u b i l i z e d s o l u t i o n s of _1 i n t r a 
venously. 

The r a p i d d i f f u s i o
the p l a s t i c of c o n t a i n e r
normally used as c l o s u r e s f o r plasma v i a l s (70 - 96%) 
and the s i g n i f i c a n t b i n d i n g to g l a s s at low t e t r a h y d r o 
cannabinol c o n c e n t r a t i o n s (20 and 40% at 0.1 and 0.05 
yg/ml, r e s p e c t i v e l y , i n 50 ml v o l u m e t r i c f l a s k s ) d e f i 
n i t e l y demand c a r e f u l techniques i n the h a n d l i n g , 
storage, and assay of t h i s compound from aqueous and 
b i o l o g i c a l f l u i d s . In f a c t , the r e s u l t s of any p e r t i 
nent study where these c o n d i t i o n s were not held i n 
account should be q u a n t i t a t i v e l y suspect. 

The high degree of p a r t i t i o n i n t o l i p i d phases and 
of a b s o r p t i o n to a l l and any s u r f a c e by t e t r a h y d r o 
cannabinol ( l i p o p r o t e i n b i n d i n g may be i n c l u d e d i n 
these c a t e g o r i e s ) i m p l i e s t h a t o r a l a d m i n i s t r a t i o n of 
the drug i n l i p i d v e h i c l e s t h a t are r e l a t i v e l y immis
c i b l e w i t h aqueous f l u i d s would d r a s t i c a l l y reduce the 
b i o a v a i l a b i l i t y of the drug. A common p r a c t i c e of ad
m i n i s t e r i n g t e t r a h y d r o c a n n a b i n o l admixed w i t h l i p i d -
c o n t a i n i n g feed i n animal experiments would c a s t sus
p i c i o n on the dose-response r e l a t i o n s h i p s proposed 
from the r e s u l t s of such s t u d i e s . 

The high sequestering and b i n d i n g of A 9 - t e t r a -
hydrocannabinol are c o n s i s t e n t w i t h the proposal of a 
p h a r m a c o k i n e t i c a l l y deep compartment, e s p e c i a l l y w i t h 
the known r a p i d i t y of i t s metabolism. The prolonged 
but lowered blood l e v e l s of administered drug (17) must 
be r a t i o n a l i z e d by i t s slow r a t e - d e t e r m i n i n g r e l e a s e 
from such compartments. The l a c k of s i g n i f i c a n t r e n a l 
e x c r e t i o n of unchanged drug ( 1 7 ) i s r e a d i l y understand
able s i n c e i t s high l i p o p h i l i c i t y should r e s u l t i n 
complete t u b u l a r r e a b s o r p t i o n . 

The p a r t i t i o n i n g of t e t r a h y d r o c a n n a b i n o l from p l a s 
ma water i n t o red blood c e l l s i s enormously high s i n c e 
D = 12.5. T h i s may a l s o be a s c r i b e d to the high s u r -
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face a f f i n i t y of the drug. However, the c o m p e t i t i o n of 
a l a r g e degree of unsaturable b i n d i n g (97%) to plasma 
p r o t e i n s minimizes the amounts i n the red blood c e l l s 
of whole blood, although p o s s i b l y l a r g e adherence of 
the drug to the w a l l s of blood v e s s e l s and to the s u r 
faces of the t i s s u e s must be a n t i c i p a t e d . The f a c t 
t h a t the plasma b i n d i n g i s l a r g e l y assigned to the 
l i p o p r o t e i n f r a c t i o n (14) may r e s u l t i n l a r g e i n d i v i d 
u a l and species v a r i a t i o n s i n l i p o p r o t e i n and f a t con
t e n t . Thus, the proposed method (7) of v a r i a b l e plasma 
c o n c e n t r a t i o n may be u s e f u l i n the r o u t i n e determina
t i o n of p r o t e i n b i n d i n g of i n d i v i d u a l s u b j e c t s . 

The l a r g e i n s t a b i l i t y of A 9 - t e t r a h y d r o c a n n a b i n o l i n 
a c i d s o l u t i o n (16,18), i m p l i e s t h a t the drug may be 
s i g n i f i c a n t l y degraded i n the normal stomach. Again, 
t h i s i n t i m a t e s t h a t o r a l a d m i n i s t r a t i o n may not be an 
optimum route on whic
r e l a t i o n s . Furthermore
as an i n t e r n a l standard i s very c r i t i c a l s i n c e i t must 
not g i v e any i n t e r f e r e n c e w i t h the other r e l a t e d com
pounds, unless a HPLC p u r i f i c a t i o n step i s i n c l u d e d i n 
the procedure. Cannabinol which, at times, has been 
taken as a p o s s i b l e m e t a b o l i t e (19-21) of A^-tetrahy-
drocannabinol, may o n l y be an a r t i f a c t of the a n a l y t i 
c a l procedure s i n c e d i s p r o p o r t i o n a t i o n of 1 occurs 
r e a d i l y . 

-Tetrahydrocannabinol can be e x t r a c t e d from 
plasma and other b i o l o g i c a l f l u i d s . I t can be sepa
r a t e d on HPLC from the simultaneously e x t r a c t e d b i o l o g 
i c a l l y endogenous m a t e r i a l s and m e t a b o l i t e s t h a t would 
i n t e r f e r e w i t h a chosen h i g h l y s e n s i t i v e a n a l y t i c a l 
method, such as e l e c t r o n - c a p t u r e gas l i q u i d chromato
graphy. I t i s not necessary to c o l l e c t a l l the mater
i a l to be analyzed; assurance t h a t a r e p r o d u c i b l e or 
known f r a c t i o n of the t o t a l m a t e r i a l i n j e c t e d on HPLC 
i s recovered i s a l l t h a t i s necessary s i n c e i t i s 
d i r e c t l y p r o p o r t i o n a l to the t o t a l drug c o n c e n t r a t i o n . 
I f u n l a b e l l e d t e t r a h y d r o c a n n a b i n o l i n a s o l u t i o n of 
plasma were analyzed, the c a l c u l a t e d recovery of known 
amounts of l a b e l l e d t e t r a h y d r o c a n n a b i n o l added e i t h e r 
to plasma p r i o r to e x t r a c t i o n or to heptane e x t r a c t 
subsequent to e x t r a c t i o n would permit c a l c u l a t i o n of 
the e x t r a c t i o n and/or HPLC c o l l e c t i o n e f f i c i e n c i e s f o r 
t h a t p a r t i c u l a r b i o l o g i c a l sample. These known e f f i c i 
e n cies would permit the c a l c u l a t i o n of the o r i g i n a l 
plasma c o n c e n t r a t i o n s . I f a l a b e l l e d 1 4 C - A 9 - t e t r a h y -
drocannabinol were used i n pharmacokinetic s t u d i e s , 
e x t r a c t e d and separated on the HPLC, a t r i t i u m - l a b e l l e d 
3 H - A 9 - t e t r a h y d r o c a n n a b i n o l could be used as the appro
p r i a t e i n t e r n a l standard to monitor recover e f f i c i e n 
c i e s . 
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F i n a l l y , t h e c o m b i n e d use o f HPLC t e c h n i q u e s and 
GLC m e t h o d o l o g i e s have g i v e n t h e same r e s u l t as t h e 
r a d i o a c t i v i t y m o n i t o r i n g d u r i n g t h e p h a r m a c o k i n e t i c 
s t u d i e s , b a s e d upon t h e k n o w l e d g e o f t h e p h y s i o c o c h e m i -
c a l p r o p e r t i e s o f Δ 9 - t e t r a h y d r o c a n n a b i n o l . 
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Detection and Quantitation of Tetrahydrocannabinol 

in Physiological Fluids 

M O N R O E E. W A L L , D O L O R E S R. BRINE, J O A N T . BURSEY, 
and D A V I D R O S E N T H A L 

Chemistry and Life Sciences Division, Research Triangle Institute, 
P. O. Box 12194, Research Triangle Park, NC 27709 

In recent years there has been a great increase i n 
in te res t i n the pharmacology, metabolism and biodisposi
tion of the cannabinoids; for recent reviews c f . Mechou
lam (1), Paton and Crown (2), Wall (3) and Wall et al. 
(4). U n t i l recent ly , quant i ta t ion of the various canna
binoids in blood, ur ine, feces and other b i o l o g i c a l 
t issues could be ca r r i ed out only by the use of appro
priately radio- labe led analogs of the cannabinoids un
der study (4, 5). Because of the widespread and in
creasing opposit ion to the use of radio- labeled isotopes 
in studies invo lv ing man and because many of the studies 
current ly being conducted with various cannabinoids in
volve large scale experiments in which radio- labe led 
cannabinoids are not used, the need for the development 
of non-radio-labeled quant i ta t ive methodology for cer
tain key cannabinoids has become increas ingly apparent. 
In add i t ion , radio- labeled th in layer chromatography 
techniques, while useful in initial s tudies , lack suf
ficient accuracy. When biological extracts are studied 
by rad io- labe led means, separation of Δ9-THC from canna
b i n o l and of 11-hydroxy-Δ 9-THC from other monohydroxy
la ted analogs is poor. I f such i n t e r f e r i ng substances 
are present in considerable quant i ty , one will obtain 
erroneously high values. This will increas ingly be the 
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case when one i s a n a l y z i n g b i o l o g i c a l m a t e r i a l s ob
t a i n e d from marijuana smokers which c o n t a i n A9-THC, 
cannabinol, c a n n a b i d i o l , and 11-hydroxylated analogs 
of these compounds. 

Q u a n t i t a t i v e gas l i q u i d chromatography combined 
w i t h mass spectrometry (GLC-MS) has been used w i t h ex
c e l l e n t r e s u l t s f o r the q u a n t i t a t i v e a n a l y s i s of drugs 
i n b i o l o g i c a l m a t e r i a l s , combining as i t does the sep
a r a t i v e powers of GLC and the i n h e r e n t s e n s i t i v i t y of 
MS d e t e c t i o n . Pioneer s t u d i e s by Hammar and Holmstedt 
(6) i n t r o d u c e d the concept of mass fragmentography (now 
a l s o c a l l e d m u l t i p l e ion d e t e c t i o n (MID) ) and g r e a t l y 
i n c r e a s e d the s e n s i t i v i t y of MS methodology so th a t i t 
c o u l d be a p p l i e d to the nanogram and picogram l e v e l s . 
The concept has been a p p l i e d t o many drugs i n c l u d i n g 
a recent use by A g u r e l l  Holmstedt and co-workers (7) 
i n the determinatio
The a p p l i c a t i o n of GLC-M
and i l l v i v o metabolism of A9-THC (8) l a i d the ground
work f o r the q u a n t i t a t i v e a n a l y s i s of other cannabinoid 
m e t a b o l i t e s . The s i t e s of metabolic h y d r o x y l a t i o n f o r 
many cannabinoids are shown i n Figure 1. 

L H y d r o x y l a t i o n at 11 p o s i t i o n observed In v i t r o and 
i n v i v o s i n g l y or i n combination w i t h h y d r o x y l a t i o n 
i n o t h e r p o s i t i o n s . O x i d a t i o n to c a r b o n y l a l s o f r e 
q u e n t l y observed. 

9 
H y d r o x y l a t i o n at 8 p o s i t i o n found o n l y i n Δ -THC 

— series*, 8a or 8β both found as minor m e t a b o l i t e s * 
8,11-dihydroxy m e t a b o l i t e s f r e q u e n t l y observed. 

g 
1 7 α , 7β or 7,11-Dihydroxy found o n l y i n Δ - s e r i e s . 

H y d r o x y l a t i o n at 1 ,,2*,3 ,,4' o c c a s i o n a l l y found, 
* a l s o as Ι',ΙΙ; 2',11-etc. d i h y d r o x y m e t a b o l i t e s . 

Figure 1. Hydroxylation sites of cannabinoids observed in vitro or in vivo 

A d e t a i l e d d i s c u s s i o n of many a l t e r n a t e methods 
f o r the q u a n t i t a t i v e determination of Δ 9-THC and some 
of i t s m e t a b o l i t e s has been presented p r e v i o u s l y ( 9 ) . 
This paper w i l l d e a l w i t h determination of A9-THC, l i 
ny droxy-Δ 9-THC and cannabinol i n blood w i t h one e x t r a c -
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t i o n . In a d d i t i o n , d e t a i l s w i l l be presented f o r the 
determination of ll-nor-Δ9-THC-9-carboxylic a c i d i n 
blood and u r i n e . The l a t t e r m e t a bolite i s g a i n i n g i n 
creased importance i n f o r e n s i c d e t e r m i n a t i o n s . 
METHODS FOR Δ 9-ΤΗΟ, CANNABINOL, AND 11-0H-A9-THC 
C l i n i c a l P r o t o c o l 

Human, male vo l u n t e e r s who were experienced mari
juana users were administered 4.0-5.0 mg of A9-THC by 
the intravenous method o f Perez-Reyes e t a_l. (10) . The 
volu n t e e r s were kept under medical s u p e r v i s i o n f o r 24 
hours i n the C l i n i c a l Research U n i t of the U n i v e r s i t y of 
North C a r o l i n a , School of Medicine. Blood samples (ap
proxi m a t e l y 10 ml) were c o l l e c t e d at p e r i o d i c i n t e r v a l s 
over 24 hours. Plasm
frozen immediately an
analyzed. 

CH 2CH 2CH 2CH 2CR 2 

Δ -THC; R - R 2 - H 3, R 1 - Η 

11 - 2 Η 3 - Δ 9 - Τ Η Ο ; R » ^3' R^ • H, R2 - H 3 

A 9-THC-PFP, R - R 2 - H 3, Rj « O C C F ^ F j 

ll-Hydroxy-A 9-THC; R - HjOH, » H, R £ « H 3 

ll-Hydroxy-5'- 2H -A 9-THC; R - H OH, R - H, R„ 

CH-CH.CH-CH-CR 

ll-nor-Δ -THC-9-carboxylic a c i d ; R - H, 
2 9 2 

5 - Η -ll-nor-Δ -THC-9-carboxylic a c i d ; R - H, 
2 8 ? 

5'- H 3 - l l - n o r - A -THC-9-carboxylic a c i d , R - H 3 

: H 2 C H 2 C H 2C H 2C H 3 

3a C B N ; R - H, Rj - H 3 4a Hexahydro - C B N ; R - Η 

b 5 ' - 2 H 3 - C B N ; R - H, R J - 2 H 3 b Hexahydro - C B N - P F P ; R - O C C F J C H J 

c C B N - P F P ; R m. O C C F 2 C F 3 , R J -

Figure 2. Structure of cannabinoids and internal standards 

I n t e r n a l Standards 

A key f e a t u r e of our q u a n t i t a t i v e procedures was 
the use of ap p r o p r i a t e deuterated analogs of the canna
b i n o i d s under study as both c a r r i e r s f o r the s m a l l 
q u a n t i t y of cannabinoids expected to be present i n many 
cases and as i n t e r n a l standards f o r q u a n t i t a t i o n by 
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mass spectrometry. The structures of the cannabinoids 
and t h e i r deuterated analogs used i n these studies are 
shown in Figure 2. A l l of the compounds used were syn
t h e t i c and were made a v a i l a b l e by the National I n s t i t u t e 
on Drug Abuse Synthesis Program.1 Synthetic methods 
fo r the various deuterated cannabinoids u t i l i z e d i n 
these studies have been presented by P i t t et a l . (11). 

General Precautions 

Close atte n t i o n must be paid to the procedural de
t a i l s presented below i n order to obtain reproducible 
and q u a n t i t a t i v e data. In general, i n working with 
cannabinoids, exposure of samples or extracts to l i g h t 
or a i r should be minimized. A l l solvent evaporations 
should be conducted in  vacuo or under nitrogen at low 
temperature. Cannabinoid
j e c t to adsorption o  glassware
order to minimize t h i s problem a l l glassware, i n c l u d i n g 
chromatography columns, was s i l a n i z e d using 5% DMCS in 
toluene. 

Analysis of A9-THC, Cannabinol, and 11-0H-A9-THC 

Ex t r a c t i o n and P u r i f i c a t i o n P r i o r to Analysis by 
GLC-MS i n e l e c t r o n impact (EI) Mode — When the mass 
spectrometers were operated i n t h i s mode the molecular 
ions or charged fragments u t i l i z e d for the q u a n t i t a t i v e 
analysis of underivatized cannabinoids were i n a range 
of m/e 320 or lower. Preliminary studies with plasma 
extracts i n d i c a t e d that interference from endogenous 
plasma constituents would be encountered. This could 
be avoided by c a r r y i n g out a preliminary cleanup by 
Sephadex LH-20 chromatography p r i o r to the GLC-MS step. 
The methods which are presented are for the combined 
determination of A9-THC ( l a ) , ll-hydroxy-A 9-THC (2a), 
and cannabinol (3a) as shown i n Figure 2. The methods, 
of course, are equally u t i l i z a b l e for the determination 
of i n d i v i d u a l c o n s t i t u e n t s . Deuterated i n t e r n a l stan
dards (Figure 2) were added to a sample of 3.0 ml of 
c o l d (not frozen) plasma as follows: l b , 150.0 ng; 
2b, 15.0 ng; and 3b, 1.50 ng. Each i n t e r n a l standard 

Research Triangle I n s t i t u t e Contract HSM-42-71-95. 
Q u a l i f i e d i n v e s t i g a t o r s may obtain la b e l e d and unlabeled 
cannabinoids by a p p l i c a t i o n to Dr. Robert W i l l e t t e , Act
ing Chief, The Research Technology Branch, D i v i s i o n of 
Research, NIDA, Rockwall B u i l d i n g , 11400 R o c k v i l l e Pike, 
R o c k v i l l e , Maryland 20852. 
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was added i n 15-30 μΐ e t h a n o l . F o l l o w i n g a d d i t i o n of 
each i n t e r n a l standard the plasma sample was s t i r r e d 
f o r 3-5 seconds i n a v o r t e x a g i t a t o r and then subjected 
to s o n i c a t i o n (Cole-Parmer u l t r a s o n i c cleaner) f o r the 
same time. The plasma samples (contained i n a screw 
capped c e n t r i f u g e tube) were then e x t r a c t e d 3 times 
w i t h 6.0 ml petroleum ether (bp 30-60°, Nanogram Grade 
or Burdick and Jackson) c o n t a i n i n g 1.5% isoamyl a l c o 
h o l . The tubes were a g i t a t e d 15 minutes each time i n 
a v o r t e x a g i t a t o r and the l a y e r s separated by c e n t r i -
f u g a t i o n a f t e r each e x t r a c t i o n . The petroleum e t h e r 
e x t r a c t s were combined, evaporated in_ vacuo at room 
temperature and freeze d r i e d overnight t o remove water 
and isoamyl a l c o h o l . The d r i e d residue was d i s s o l v e d 
i n a minimal volume of petroleum ether/chloroform/etha-
n o l (10:10:1) and chromatographed i n the same s o l v e n t 
mixture on 1 χ 40 c
columns at 26°C. Twenty-seve
c o l l e c t e d and d i s c a r d e d . Seven ml of e l u a n t was then 
c o l l e c t e d as the f r a c t i o n c o n t a i n i n g A9-THC. The next 
8 ml of e l u a n t was c o l l e c t e d as the CBN-containing 
f r a c t i o n . T h i r t y - e i g h t ml of column e f f l u e n t was then 
c o l l e c t e d and d i s c a r d e d . F i n a l l y , 17 ml of e l u a n t was 
c o l l e c t e d as the f r a c t i o n c o n t a i n i n g ll-hydroxy-Δ9-THC. 
The A9-THC and CBN f r a c t i o n s were evaporated to dryness 
and d i s s o l v e d i n 30 μΐ hexane. The ll-hydroxy-Δ9-THC 
f r a c t i o n was evaporated t o dryness under vacuum and 
heated w i t h 75 μΐ of R e g i s i l (BSTFA + 1% TCMS) i n a 
c l o s e d v i a l at 110° f o r 3 hours. The reagent was r e 
moved i n vacuum and the residue d i s s o l v e d i n 20 μΐ hex
ane. 

Gas Chromatography C o n d i t i o n s — On the LKB-9000 
GLC-MS a 3 f or 6 f χ 1/4" g l a s s column of 2% OV-17 on 
Chromosorb W-HP (80/100 mesh) was u t i l i z e d , the former 
length being used f o r ll-hydroxy-Δ 9-THC-bis-TMS et h e r 
(at 220°C) and the l a t t e r length f o r both A9-THC (at 
220°C) and CBN (at 240°C). Helium was used as the gas 
phase at a r a t e of 35 ml/min. Under the c o n d i t i o n s 
s t i p u l a t e d above, r e t e n t i o n times of 4-6 minutes were 
observed f o r each compound. Only Δ 9-THC and CBN were 
analyzed on the Finnigan 3300 instrument i n the EI mode. 
S i x f o o t g l a s s columns c o n t a i n i n g 1% SE-30 on 100/120 
mesh Chromosorb W-HP were used a t column temperatures 
of 200-230°C and the flow of 30-35 ml/min. 

Mass Spectrometry — The mass spectrometers and 
a s s o c i a t e d equipment have been d e s c r i b e d i n d e t a i l 
(9). In b r i e f , an LKB 9000 GLC-MS (a magnetic s e c t o r 
instrument) was u t i l i z e d w i t h a m o d i f i e d a c c e l e r a t i n g 
voltage a l t e r n a t o r (AVA) (12). For Δ 9-THC the mass 
spectrometer was s e t t o focus a l t e r n a t e l y on the i o n s 
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m/e 314 and 317 which correspond t o the molecular i o n 
of the compound and i t s t r i d e u t e r o analog. For CBN 
the molecular i o n s were m/e 310 and 313. For a n a l y s i s 
of ll-hydroxy-Δ9-THC as the bis-TMS e t h e r , the strong 
M-103 i o n (8, 13) at m/e 371 and 374 was s e l e c t e d . 
The AVA accessory measures the two peak h e i g h t s o r areas 
u t i l i z e d f o r each a n a l y s i s as de s c r i b e d above. A l t e r 
n a t i v e l y the Finn i g a n 3300 GLC/MS (a quadrupole i n s t r u 
ment) w i t h a dedicated PDP-12 computer (9) was u t i l i z e d , 
and the r a t i o s of peak he i g h t s or areas were determined 
u s i n g computer software. 

TLC-Radio-label Procedure — The vo l u n t e e r s u b j e c t s 
(described i n C l i n i c a l P r o t o c o l ) a l l r e c e i v e d 100 y C i 
of t r i t i u m l a b e l e d A 9-THC, along w i t h the standard 4.0-
5.0 mg intravenous dose. Two to three ml a l i q u o t s of 
plasma were analyzed b  th  procedur  d e s c r i b e d b  W a l l 
(4) . 

Δ . Ο . Π - SAMPLES RUN ON DIFFERENT DAYS 

8 io° 2 4 6 Ί ο 1 2 * 6 " ίο 2 

NG NATURAL THC ADDED/50NG DEUTERATED THC 

Figure 3. Finnigan 3300-EI plasma calibration curve for A9-THC 

RESULTS FOR A 9-THC, CANNABINOL, AND ll-OH - A 9-THC 

Plasma c a l i b r a t i o n curves obtained w i t h the LKB 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



3. W A L L E T A L . Detection and Quantitation 45 

and F i n n i g a n GLC-MS instruments were q u i t e s i m i l a r f o r 
both A 9-THC and can n a b i n o l . For A 9-THC l i n e a r c a l i b r a 
t i o n curves i n the range of 1-100 ng/ml of plasma were 
obtained w i t h both instruments. Figure 3 shows data 
f o r the F i n n i g a n . D e t e c t i o n of A 9-THC down to 0.1 ng/ 
ml c o u l d be a t t a i n e d , but 0.5 ng/ml i s regarded as the 
minimal c o n c e n t r a t i o n a t which r e l i a b l e data c o u l d be 
obtained. Plasma c a l i b r a t i o n curves f o r CBN are exem
p l i f i e d f o r the Fi n n i g a n MS i n F i g u r e 4; the LKB data 
was s i m i l a r . L i n e a r curves on both instruments were 
obtained between 0.2-10.0 ng/ml w i t h d e t e c t i o n l i m i t s 
about 0.1 ng/ml. Only the LKB 9 000 MS was used f o r the 
ll- h y d r o x y - Δ 9 - T H C determinations. The data are shown 
i n F i g u r e 5. The curve was l i n e a r i n the range of 0.2-
10.0 ng/ml plasma of 11-hydroxy m e t a b o l i t e . 

101 

I 1 1

Figure 4. Finnigan 3300-EI plasma calibration curve for CBN 

F i g u r e 6 presents the average values w i t h standard 
e r r o r obtained f o r A 9-THC, ll-OH - A 9-THC and cannabinol 
from plasma of male volunt e e r s r e c e i v i n g A 9-THC by i n 
travenous i n f u s i o n . The measurements covered a 24 hour 
p e r i o d . A 9-THC values obtained w i t h the LKB-9000 EI 
source were i n c l o s e agreement w i t h the data obtained 
on the Finnigan 3300 chemical i o n i z a t i o n (CI) source. 
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Figure 5. LKB 9000-EI plasma calibration curve for 11-hydroxy-A9-THC 

Comparison of values f o r LKB vs. Finnigan EI source 
also showed e x c e l l e n t agreement. A 9-THC values i n 
creased r a p i d l y during the f i r s t 10-20 minutes, the 
peak values i n the range of 50-60 ng/ml c o i n c i d i n g with 
the maximal psychomimetic a c t i v i t y . A t y p i c a l biphasic 
e l i m i n a t i o n pattern was noted; the A 9-THC plasma l e v e l s 
decreased r a p i d l y between 15-40 minutes and then f e l l 
at a much slower rate. With a p a r t i c u l a r group of 
volunteers (3 subjects) l e v e l s a f t e r 24 hours were be
tween 3-5 ng/ml. Spot checks at lower l e v e l s u t i l i z i n g 
the Finnigan MID program confirmed that the substance 
being evaluated was indeed A 9-THC and not instrument 
"noise." In the case of ll-hydroxy - A 9-THC much lower 
l e v e l s were found. Peak values i n the neighborhood of 
2.0 ng/ml were noted between 30-40 minutes. The maxi
mal values declined i n a more gradual manner than was 
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Figure 6. Plasma levels of A9-THC, ll-hydroxy-A9-THC, and CBN found over a 
24-hr period in human plasma from volunteers receiving A9-THC by iv adminis

tration 

the case f o r A9-THC, f a l l i n g t o a l e v e l of 1.0 ng/ml i n 
60-90 minutes and 0.5 ng/ml a f t e r 24 hours. The values 
f o r CBN shown i n Fig u r e 6 have no pharmacokinetic s i g 
n i f i c a n c e as most of the data f a l l s below the l e v e l of 
a n a l y t i c a l r e l i a b i l i t y . 

F i g u r e 7 compares the r e s u l t s obtained from the 
average of four s u b j e c t s analyzed by GLC-MS-EI, TLC, 
r a d i o - l a b e l , and e l e c t r o n capture GLC. C o r r e l a t i o n co
e f f i c i e n t s are c a l c u l a t e d i n Fig u r e 8. The r e s u l t s are 
i n reasonable agreement, and i n p a r t i c u l a r the GLC-MS 
and e l e c t r o n capture GLC procedures gave good agreement 
f o r most p o i n t s over the whole curve. 

METHODS FOR ll-NOR-Δ9-THC-9-CARBOXYLIC ACID 
E x t r a c t i o n and P u r i f i c a t i o n 

F o l l o w i n g the a d d i t i o n of 300 ng o f deuterated 
i n t e r n a l standard (5c, c f . F i g . 2) to 3.0 ml of c o l d 
plasma or u r i n e , the sample was s o n i c a t e d w i t h 30 ml 
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80 f-

MINUTES 

Figure 7. The A9-THC found in plasma following administration of 5 mg A9-THC 
(average of 4 subjects) 

acetone f o r 30 minutes. The sample was c e n t r i f u g e d 
t o remove p r e c i p i t a t e d p r o t e i n s , the acetone decanted, 
and the p e l l e t r e - e x t r a c t e d w i t h an a d d i t i o n a l 30 ml 
acetone. Acetone e x t r a c t s were combined and concentra
ted in_ vacuo t o an aqueous r e s i d u e . The volume was 
adj u s t e d to 3.0 ml w i t h d i s t i l l e d water and the pH to 
3. The cannabinoid a c i d s were e x t r a c t e d from the aque
ous phase by two p a r t i t i o n s w i t h 10 ml of d i e t h y l 
e t h e r . This was accomplished by a g i t a t i n g the c e n t r i 
fuge tubes 15 minutes each time i n a vor t e x a g i t a t o r 
and s e p a r a t i n g the phases by c e n t r i f u g a t i o n . The d i 
e t h y l ether e x t r a c t s were combined, evaporated i n 
vacuo, r e - d i s s o l v e d i n 0.5 ml methanol, and f i l t e r e d 
through a 5 micron t e f l o n f i l t e r . 
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METHODS CORRELATION 

COMPARED COEFFICIENT 

NG Λ -THC/ML PLASMA 

Figure 8. Least-squares best lines comparing all data obtained by each of two 
methods of analysis 

The e x t r a c t s thus obtained were p u r i f i e d by high 
performance l i q u i d chromatography (HPLC) on a reverse 
phase y - C 1 8 ( P a r t i s i l - 2 0 ) column (30 cm χ 4.6 mm ID) 
using a methanol/water mobile phase (65:35, c o n t a i n i n g 
0.05% ammonium a c e t a t e ) . At a flow r a t e of 4 ml/min. 
the mixture of 5a and deuterated i n t e r n a l standard 5c 
were e l u t e d a t a time i n t e r v a l of 8-13 minutes. This 
f r a c t i o n of e l u a n t was c o l l e c t e d and freeze d r i e d . The 
residue was t r a n s f e r r e d to a h a l f dram v i a l and d r i e d 
i n vacuo o v e r n i g h t w i t h 10 mg of potassium carbonate. 
Under anhydrous c o n d i t i o n s 0.2 ml dry acetone and 8 y l 
dimethyl s u l f a t e were added to the sample. The v i a l 
was t i g h t l y capped and heated w i t h shaking at 50°C f o r 
6 hours. F o l l o w i n g the a d d i t i o n of 0.5 ml d i s t i l l e d 
water to each sample, the d e r i v a t i z e d cannabinoids were 
removed by two e x t r a c t i o n s w i t h 0.5 ml chloroform. The 
chloroform was evaporated under n i t r o g e n and the r e s i 
due r e - d i s s o l v e d i n 30 y l chloroform. 
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GLOMS A n a l y s i s 
The dimethylated d e r i v a t i v e s of the mixture of 5a 

and 5c were submitted t o a n a l y s i s on the LKB-9000 GLO 
MS w i t h AVA de s c r i b e d p r e v i o u s l y . Samples were chroma-
tographed at 250°C on a 6 1 column of OV-17, 2%, on 
Supelcoport (80/100 mesh) w i t h a He c a r r i e r gas flow 
r a t e of 30 ml/minute. The r a t i o of the peak he i g h t s at 
m/e 3 72 and 375 was determined i n the usua l manner. 

0.5 \-

O 

I 1 I I I I I 1 I I I I I I I I I I 1 I I I I • • • • I » 
1 0 ° 10 1 10 2 

NG 11 NOR A 9 - T H C 9 COOH/ML 

Figure 9. Instrument calibration for ll-nor-A9-THC-9-COOH extracted from 
human plasma 

NG D 0 / M L 

Figure 10. Instrument calibration curve for ll-nor-A9-THC-9-COOH in human 
urine 
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RESULTS FOR ll-NOR-Δ9-THC-9-CARBOXYLIC ACID 

A plasma c a l i b r a t i o n curve f o r l l - n o r - A 9 - T H C - 9 -
c a r b o x y l i c a c i d , 5a, i s shown i n Fig u r e 9. There was 
reasonable l i n e a r i t y from 1.0-50 ng/ml plasma w i t h de
t e c t i o n l i m i t s of 0.5 ng or l e s s per ml. F i g u r e 10 pre
sents s i m i l a r data f o r a u r i n e c a l i b r a t i o n curve. The 
method showed reasonable l i n e a r i t y between 2.0-100 ng/ 
ml u r i n e . F i g u r e 11 presents pharmacokinetic data f o r 
plasma l e v e l s of a human v o l u n t e e r , BS, over a 0.5 hour 
to 48 hour p e r i o d comparing A 9-THC and 11-nor a c i d 
l e v e l s a f t e r a dose of 5.0 mg of A 9-THC by the i n t r a 
venous route. Both parent compound and a c i d m e t a b o l i t e 
e x h i b i t e d a b i p h a s i c e l i m i n a t i o n p a t t e r n although the 
l e v e l s of the a c i d d i d not f a l l as r a p i d l y as parent 
compound. E l i m i n a t i o f th  a c i d m e t a b o l i t  5  i
u r i n e i s shown i n Fi g u r
e l i m i n a t i o n proceede  r a p i d l y
n o r - a c i d e x c r e t e d was e l i m i n a t e d i n the ur i n e during 

Δ 
11 . I ι I , I ι I ι 

10 20 30 40 

HOURS 

Figure 11. The A9-THC and ll-nor-A9-THC-9-COOH excreted in the urine of 
subject BS after iv infusion of 4 mg A9-THC 

the f i r s t 6 hours a f t e r a d m i n i s t r a t i o n of parent com
pound; f u r t h e r e l i m i n a t i o n proceeded much more s l o w l y . 
Table 1 compares r e s u l t s obtained by TLC assay (4) and 
the GLC-MS procedure i n u r i n e and plasma of s u b j e c t BS. 
Agreement was e x c e l l e n t i n most of the cases. 
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Figure 12. The ll-nor-A9-THC-9-COOH excreted in the urine of subject BS after 
iv infusion of 4 mg A9-THC 

Table 1 
Comparison of GLC-MS and TLC Analysis of 11-nor-

k9-THC-9-C00H in the Plasma and Urine of 
Subject BS . 

minutes 
ng/ml plasma found by 

minutes 
t i c glc-ms 

30 36 36 

60 30 27 

90 32 28 

120 35 25 

hours 
ng/ml u r i n e found by 

t i c glc-ms 

3 

6 

12 

24 

48 

72 

7.4 

15 

6.7 

2.1 

1.0 

0.89 

5.4 

22 

6.2 

.2 
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DISCUSSION 
The b a s i c o b j e c t i v e of t h i s i n v e s t i g a t i o n was t o 

e s t a b l i s h s e n s i t i v e methodology which would not depend 
on r a d i o - l a b e l i n g f o r the q u a n t i t a t i v e e s t i m a t i o n of 
A 9-THC, i t s primary m e t a b o l i t e l l - h y d r o x y - A 9 - T H C (3), 
and cannabinol, which has been reported t o be a metabo
l i t e of A 9-THC i n the r a t (14). This o b j e c t i v e has been 
r e a l i z e d , u t i l i z i n g GLC-MS w i t h a v a r i e t y o f techniques 
and instruments. In a d d i t i o n , the q u a n t i t a t i v e estima
t i o n of l l - n o r - A 9 - T H C - 9 - c a r b o x y l i c a c i d has been accom
p l i s h e d . S e v e r a l aspects of our r e s u l t s m e r i t f u r t h e r 
d i s c u s s i o n . 

Choice of Instrument 
Two completely

e t e r s coupled w i t h d i f f e r e n t means f o r q u a n t i t a t i o n of 
data were u t i l i z e d . One was a r e l a t i v e l y o l d (1968) 
magnetic s e c t o r MS, the LKB-9000, which was coupled w i t h 
an a c c e l e r a t i n g v o l t a g e a l t e r n a t o r which p e r m i t t e d mea
surement of the r a t i o of the peak h e i g h t of the unknown 
as compared w i t h t h a t of the i n t e r n a l standard. The 
other was a newer (19 74) quadrupole MS, the Fi n n i g a n 
3300, which was i n t e r f a c e d t o a PDP-12 computer. The 
Fin n i g a n MS has both EI and CI sources. As shown i n the 
Res u l t s s e c t i o n , both instruments i n the EI mode gave 
v i r t u a l l y i d e n t i c a l plasma c a l i b r a t i o n curves w i t h i d e n 
t i c a l l i n e a r range and q u i t e s i m i l a r standard e r r o r of 
e s t i m a t i o n . F i g u r e 6 gives pharmacokinetic data i n man 
obtained on the LKB i n the EI mode and the Fi n n i g a n i n 
the CI mode. The r e s u l t s are q u i t e s i m i l a r . I t i s thus 
e v i d e n t that a wide v a r i e t y of mass spectrometers can be 
used w i t h comparable r e s u l t s p r ovided a p p r o p r i a t e i n t e r 
n a l c a r r i e r s and standards are added. Before concluding 
t h i s d i s c u s s i o n one word of c a u t i o n should be gi v e n . 
The nature of the separators i s most important; the LKB 
w i t h the Ryhage sepa r a t o r and the Finn i g a n w i t h a s i l y -
l a t e d g l a s s j e t s e p a r a t o r gave a p p r o p r i a t e s e n s i t i v i t y . 
On the other hand, another mass spectrometer which u t i 
l i z e d a Watson-Biemann separator showed poor s e n s i t i v i 
ty and c o u l d not be u t i l i z e d f o r cannabinoid s t u d i e s . 

I n t e r n a l Standards 
As i n d i c a t e d p r e v i o u s l y , the f i n a l mass s p e c t r o -

m e t r i c measurements can be conducted w i t h great accuracy. 
The key t o success i n the va r i o u s a n a l y t i c a l s t u d i e s 
was the u t i l i z a t i o n of a p p r o p r i a t e compounds which c o u l d 
be employed as both c a r r i e r s and i n t e r n a l standards. 
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For t h i s purpose deuterium labeled cannabinoids i d e n t i 
c a l to the parent compound except for the l a b e l are 
i d e a l and were u t i l i z e d f o r a l l of the EI stud i e s . I t 
i s p o s s i b l e to use with equal success an i n t e r n a l car
r i e r which i s not i s o t o p i c a l l y labeled as long as i t s 
properties are very s i m i l a r to that of the cannabinoid 
being studied but permit separation by GLC. Hexahydro-
cannabinol was e x c e l l e n t for t h i s purpose and was used 
i n CI studies of A 9-THC and cannabinol. 

The Analysis f o r ll-Nor - A 9-THC-9-Carboxylic Acid (5a) 

The a n a l y s i s f o r t h i s "end" metabolite of A 9 _ T H C 

caused p a r t i c u l a r problems. E s p e c i a l l y b a f f l i n g f o r a 
considerable time was the analysis of 5a i n plasma. 
This was f i n a l l y solved b  th  r e a l i z a t i o  that 5a  i
plasma or urine containin
or injury) i s probably y  pro
t e i n . As a r e s u l t , although t h i s combination i s ether 
extractable, i t remains bound and passes through the re
q u i s i t e HPLC p u r i f i c a t i o n step at a retention time mar
kedly d i f f e r e n t than pure 5^. I t was found that t r e a t 
ment of the "protein"-5a complex with acetone p r e c i p i 
tated the plasma proteins and broke up the "protein"-5a. 
complex. Other points of i n t e r e s t were the requirement 
fo r d e r i v a t i z a t i o n of 5a as the methyl e s t e r of the car-
b o x y l i c a c i d and the methyl ether of the phenolic hy
droxy 1 moiety. B i s - s i l y l a t i o n of these functions was 
not q u a n t i t a t i v e . The A 8-deuterated analog 5a i s 
more r e a d i l y a v a i l a b l e than the A 9-deuterated analog 5b. 
Recently the l a t t e r has been synthesized (11, 16). No 
advantage i n p r e c i s i o n or s e n s i t i v i t y was noted i n using 
5b i n preference to 5c. 

Metabolic and Pharmacokinetic Data 

The development of s e n s i t i v e and accurate GLC-MS 
methodology permitted a preliminary study i n man u t i l i z 
ing these techniques for the pr e c i s e determination of 
A 9-THC, 11-hydroxy-A 9-THC and CBN i n plasma. Previously 
we have made an extensive study (4) of the metabolism 
of A 9-THC i n man using r a d i o - l a b e l e d tracers and t h i n 
layer chromatography. The procedures u t i l i z e d (in ad
d i t i o n to the u n d e s i r a b i l i t y of a ra d i o - l a b e l e d t r a c e r 
i n man) s u f f e r from two p o t e n t i a l sources of e r r o r . 
The method would not permit separation of A 9-THC from 
CBN, and i n the case of 11-hydroxy- A9-THC, would not 
permit separation from other monohydroxy metabolites 
which might be present (8, 17). 

The data i n Figure 6 for A9-THC are quite comparable 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



3. W A L L E T A L . Detection and Quantitation 55 

to pharmacokinetic data obtained i n e a r l i e r s t u d i e s 
(4). In both instances a b i p h a s i c e l i m i n a t i o n curve 
was noted. A f t e r the i n i t i a l maximum l e v e l , a sharp 
d e c l i n e was f o l l o w e d by a more gradual decrease. Maxi
mal values i n the c u r r e n t s t u d i e s were 50-60 ng/ml. 
A f t e r 24 hours, 3-5 ng/ml of A 9-THC were s t i l l found i n 
the plasma. Our r e s u l t s f o r 11-hydroxy-Δ9-THC are pro
bably the most accurate data y e t r e p o r t e d i n man. The 
c o n c e n t r a t i o n of t h i s a c t i v e m e t a b o l i t e (Figure 6) was 
only 2-3 ng/ml a t peak l e v e l s d e c l i n i n g a t a slower r a t e 
than Δ 9-THC to 0.5 ng/ml a f t e r 24 hours. Although Δ 9 -
THC i s r e a d i l y converted to ll-hydroxy-Δ 9-THC i n the 
l i v e r (3), only s m a l l q u a n t i t i e s f i n d t h e i r way i n t o 
the blood. 

Our i n t e r e s t i n CBN was aroused by r e p o r t s from 
McCallum (14, 15) which i n d i c a t  t h a t CBN might b
t r a n s i t o r y m e t a b o l i t
a f t e r a d m i n i s t r a t i o 9 -  F i g u r , 
the l e v e l of CBN was below the r e l i a b i l i t y l i m i t s i n 
the EI mode. Other s t u d i e s we have c a r r i e d out by 
e l e c t r o n capture GLC or GLC-MS i n the CI mode i n d i c a t e 
the v i r t u a l absence of t h i s substance a t a l l time p e r i 
ods. Since we have found t h a t CBN has the same gene r a l 
pharmacokinetic p a t t e r n as Δ 9-ΤΗ0 i n man (4), we must 
conclude t h a t CBN can be d i s r e g a r d e d i n terms of i t s 
importance as a metabolite i n man. 

We present f o r the f i r s t time pharmacokinetic data 
i n plasma and u r i n e obtained by GLC-MS f o r the important 
a c i d m e t a b o l i t e l l - n o r - Δ 9 - T H C - 9 - c a r b o x y l i c a c i d . This 
and r e l a t e d a c i d s c o n s t i t u t e the major means by which 
A 9-THC i s e x c r e t e d i n the u r i n e . The data i n d i c a t e 
r a p i d e l i m i n a t i o n of the a c i d i n the u r i n e during the 
f i r s t 3-6 hours a f t e r a d m i n i s t r a t i o n of A 9-THC. 

Comparison of GLC-MS With Other Procedures 
As shown i n F i g u r e s 7 and 8, the GLC-MS procedures 

show reasonable agreement i n the case of Δ 9 -THC w i t h 
data obtained by two independent procedures i n v o l v i n g , 
r e s p e c t i v e l y , t h i n l a y e r chromatography of r a d i o - l a b e l e d 
cannabinoids and a double GLC-electron capture proce
dure. In p r e l i m i n a r y s t u d i e s on cannabinol l e v e l s o f 
s u b j e c t s who r e c e i v e d A9-THC, good agreement was found 
between the GLC-MS EI method, r e i n f o r c i n g our b e l i e f 
t h a t CBN i s not a s i g n i f i c a n t m e t a b o l i t e of Δ 9-THC i n 
man. F i n a l l y , Table 1 shows e x c e l l e n t agreement be
tween the T L C - r a d i o - l a b e l e d procedure and GLC-MS a n a l y 
s i s f o r the 11-nor-acid, 5a. 
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Quantitation of Δ9-Tetrahydrocannabinol and 11-Nor-

Δ9-tetrahydrocannabinol-9-carboxylic Acid in Body 

Fluids by GC/CI-MS 

R. L . F O L T Z , P. A. C L A R K E , B. J. HIDY, D . C . K. LIN, 
A. P. G R A F F E O , and B. A. P E T E R S E N 

Battelle Columbus Laboratories, Columbus, OH 43201 

Cannabinoid a n a l y t i c a l work in our laboratory cur
r en t ly consis ts of two major areas of activity: 1) 
quant i ta t ive analys is of Δ9-THC in samples of physio
logical f l u i d s submitted by outside researchers under 
a NIDA program, and 2) development of an ultra-sensi
tive method for simultaneous quant i ta t ion of Δ9-THC and 
its major metabolites in body fluids. 

CURRENT METHODOLOGY FOR QUANTITATION OF Δ9-THC 
The method that we are using for analys is of THC 

on a service basis is s i m i l a r to that developed by 
Agurell, e t . al. (1). Deuterium-labeled Δ9-THC is ad
ded to the plasma sample, followed by ex t rac t ion , t rea t 
ment of the extract with a derivatizing agent, and 
quant i ta t ion by GC/MS analysis using the technique of 
selected ion monitoring. The major differences between 
our procedure and that developed by Agurell's group i s 
that we use an ext rac t ion procedure s i m i l a r to that re
ported by W a l l , e t . al., (2) and we use chemical ioni
zation for our mass spec t ra l analys is rather than e lec 
tron impact ionization. 

A flow diagram of our ex t rac t ion procedure i s 
shown i n Figure 1. We f ind that t h i s procedure pro
vides adequate clean-up and recovery of the THC i n the 
leas t amount of time (3). However, i t should be stated 
that the degree of clean-up achieved by t h i s procedure 
i s adequate p r imar i ly because we are using chemical 
i o n i z a t i o n mass spectrometry to measure the r a t i o of 
labeled to unlabeled Δ -THC. In our experience chemi
c a l i o n i z a t i o n often affords bet ter s e n s i t i v i t y and 
s p e c i f i c i t y than e lec t ron impact i o n i z a t i o n . For rea-
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gent gas we use a mixture of methane and ammonia. The 
methane i s used as the GC c a r r i e r gas, and the ammonia 
i s b l e d i n t o the i o n source through a make-up gas i n 
l e t . 

Plasma 

pH 7 buffer 
Internal Standard 
Extract 2X Hexane 

I Hexane"] ι Aqueous Discard 

Wash, 0.1 Ν NaOH 

Hexane Aqueous| Discard 

Wash, 0.1 Ν HCI 

Hexane | | Aqueous | • Discard 

Evaporate 
Derivatize with BSTFA 

Derivatized 
Sample 

GC/CI-MS Analysis 

Figure 1. Flow diagram for analysis of &9-THC in physiological fluids 

The reasons f o r our choosing t h i s combination of 
reagent gases are i l l u s t r a t e d i n F i g u r e 2 and Table 1. 
F i g u r e 2 compares the EI mass spectrum o f the t r i m e t h y l -
s i l y l d e r i v a t i v e of A9-THC w i t h the corresponding CI 
mass s p e c t r a u s i n g methane as reagent gas and the meth
ane ammonia combination as reagent gas. In the methane-
ammonia CI mass spectrum e s s e n t i a l l y a l l of the THC i o n 
c u r r e n t i s concentrated a t a s i n g l e i o n mass, c o r r e s 
ponding to the protonated molecule i o n (m/e 387) . The 
s e n s i t i v i t i e s achieved by s e l e c t e d i o n monitoring a n a l 
y s i s of a s p e c i f i c q u a n t i t y of A9-THC are compared i n 
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the f o u r t h column i n Table 1. These data were obtained 
on two Fi n n i g a n quadrupole GC/MS systems, one optim i z e d 
f o r CI and the other f o r EI i o n i z a t i o n . Use of methane 
and ammonia gives the l a r g e s t s i g n a l per u n i t weight 
of THC. Furthermore, the absence of fragment ions i n 
methane-ammonia CI mass spectrum means t h a t there i s 
l e s s chance of i n t e r f e r e n c e from ions due to other com
ponents of the e x t r a c t . 

lOOi 

2 0 0 2 5 0 
We 

Figure 2. MS of the TMS ether of A9-THC 

We have found methane-ammonia chemical i o n i z a t i o n 
to be w e l l s u i t e d f o r the a n a l y s i s of a wide v a r i e t y of 
drugs (4). However, some compounds are i o n i z e d w i t h 
poor e f f i c i e n c y under these CI c o n d i t i o n s , so i t i s im
po r t a n t t o measure the r e l a t i v e s e n s i t i v i t i e s a f f o r d e d 
by d i f f e r e n t modes c f i o n i z a t i o n before s e l e c t i n g a 
procedure f o r a given compound. 

Fig u r e 3 shows a computer p l o t o f the i o n c u r r e n t s 
at m/e 387 and 390 corresponding to 5 ng/ml of A 9-THC-d 0 

and 20 ng/ml o f A 9-THC-d 3. Only about 1/10 of the 
t o t a l volume of e x t r a c t was i n j e c t e d i n t o the GC/MS, 
so t h a t the a c t u a l q u a n t i t y of A 9-THC-TMS-d 0 i n j e c t e d 
on column was approximately 500 pg. 

The t o t a l time r e q u i r e d f o r e x t r a c t i o n and analy
s i s of a s i n g l e sample i s about 5 hours. However, we 
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f i n d i t most e f f i c i e n t f o r one a n a l y s t to work w i t h the 
samples i n batches of 32. The complete a n a l y s i s of 32 
samples r e q u i r e s about 14 hours. 

Table 1 

Relative Responses for Prominent Ions 
in the EI and CI Mass Spectra of the 

trimethylsilyl ether of Δ -
tetrahydrocannabinol· 

Mol. Wt. * 386 

Ionization % of Sample Relative Response Per 
Method m/e Monitored Ion Current Unit Weight of A 9 - T H C 

E I 3 8 6 (M f ) 7 5 0 

CKCH4) 3 8 7 (MH+) 2 4 2 0 

C K C H ^ N H j ) 387 (MH*) 6 7 100 

The a n a l y t i c a l method has been i n o p e r a t i o n on a 
semi-routine b a s i s f o r about 1-1/2 years , although we 
continue to i n c o r p o r a t e minor refinements i n the pro
cedure. During t h i s time approximately 500 submitted 
samples have been analyzed, i n c l u d i n g r a t , monkey, and 
human plasma i n q u a n t i t i e s ranging from 0.25 to 2 ml. 
Lev e l s of A9-THC i n the samples have been t y p i c a l l y i n 
the 1 t o 50 ng/ml range, although o c c a s i o n a l l y concen
t r a t i o n s as high as 400 ng/ml are encountered. The 
p r e c i s i o n of the method i s shown i n Table 2. 

We no longer e s t a b l i s h a new standard curve p r i o r 
to a n a l y z i n g each batch of samples. Instead, f o r every 
6 unknown samples being analyzed, we i n c l u d e one p l a s 
ma sample having a known c o n c e n t r a t i o n o f A9-THC (typ
i c a l l y 10 ng/ml). A new standard curve i s e s t a b l i s h e d 
f o l l o w i n g any procedural or i n s t r u m e n t a l change, o r 
when we n o t i c e a d e t e r i o r a t i o n i n the accuracy of mea
surements obtained on the spiked samples. The standard 
curves have been l i n e a r over the c o n c e n t r a t i o n range o f 
1 to 100 ng/ml and gi v e c o r r e l a t i o n c o e f f i c i e n t s of 
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387.6 100 -η 

390.6 

0 50 100 150 

Figure 3. Selected ion monitoring plot for quantitation of Δ 9-THC 

0.998 or b e t t e r . 
The problems t h a t we have encountered i n c l u d e g 

those which everyone who i s doing q u a n t i t a t i o n of Δ -
THC has had to fa c e . The Δ -THC standard s o l u t i o n s 
are u n s t a b l e . Even when the s o l u t i o n s are kept i n 
seal e d c o n t a i n e r s a t f r e e z e r temperatures, over a per
i o d o f a few months we n o t i c e a d e f i n i t e decrease i n 
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the c o n c e n t r a t i o n of the A9-THC and the appearance of 
a d d i t i o n a l peaks i n the SIM chromatograms. Consequent
l y , i t i s necessary t o measure the c o n c e n t r a t i o n s of 
A9-THCd and A 9-THC d i n the standard s o l u t i o n s a t f r e 
quent i n t e r v a l s , usiRg a s t a b l e i n t e r n a l standard such 
as 4-androstene-3,17-dione. 

Table 2 

Precision data for measurement 
of à9-THC added to plasma 

Δ 9 - THC ADDED 
(NG/ML) 

92 

46 

9.2 

4.6 

0.9 

RELATIVE STANDARD 
DEVIATION (%) 

0.5 

3.9 

5.1 

7.3 

*4 SAMPLES ANALYZED TWICE AT EACH CONCENTRATION 

E a r l y i n our work we f r e q u e n t l y obtained e r r a t i c 
a n a l y t i c a l r e s u l t s which were subsequently t r a c e d to 
cross-contamination between samples. In order to e l i 
minate t h i s source of e r r o r we i n s t i t u t e d use of d i s 
posable p i p e t t e s and adopted a f a r more r i g o r o u s c l e a n 
i n g procedure f o r that glassware which i s reused. A l l 
of our glassware i s a l s o s i l y l a t e d by the vapor-phase 
procedure r e c e n t l y r e p o r t e d by Fenimore, e t . a l . (5). 

We a l s o o c c a s i o n a l l y encountered e x t r a c t s i n which 
we c o u l d not de t e c t any of the d 0 - o r d3-A9-THC-TMS. 
In these cases, s m a l l amounts of water a p p a r e n t l y got 
i n t o the v i a l s c o n t a i n i n g the e x t r a c t s p r i o r to t r i 
me thy Is i l y l a t i o n , e i t h e r because of condensation dur
i n g s o l v e n t e v a p o r a t i o n , or due t o a c c i d e n t a l i n c l u 
s i o n of some of the water l a y e r d u r i n g the f i n a l t r a n s 
f e r of the organic e x t r a c t . Traces of water remaining 
i n the f i n a l e x t r a c t can i n t e r f e r e w i t h the t r i m e t h y l -
s i l y l a t i o n . We p r e f e r to a v o i d use of d r y i n g agents 
f o r f e a r of l o s i n g some of the THC due t o a d s o r p t i o n 
on the d r y i n g agent. In any case, the problem can be 
avoided by e x e r c i s i n g g r e a t e r care during the f i n a l 
s e p a r a t i o n of organic e x t r a c t from the water l a y e r , 
and by being c a r e f u l t o see that the temperature of the 
e x t r a c t i s kept above room temperature during the f i n a l 
e v a p o r a t i v e c o n c e n t r a t i o n . 
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DEVELOPMENT OF A PROCEDURE FOR SIMULTANEOUS 
QUANTITATION OF Δ 9-THC, 11-HYDR0XY-A9-THC, 

AND ll-N0R-A 9-THC-9-CARB0XYLIC ACID 

THC i s r a p i d l y metabolized once i t enters the 
body, as i s the case f o r many other drugs. In these 
s i t u a t i o n s i t i s o f t e n v a l u a b l e t o be able to monitor 
the c o n c e n t r a t i o n s of the me t a b o l i t e s as w e l l as the 
parent drug. U n f o r t u n a t e l y , s i g n i f i c a n t d i f f e r e n c e s 
i n the p a r t i t i o n c o e f f i c i e n t s of parent drugs and 
t h e i r more p o l a r m e t a b o l i t e s have prevented the d e v e l 
opment of procedures f o r t h e i r simultaneous e x t r a c t i o n , 
clean-up, and q u a n t i t a t i o n . 

The o b j e c t i v e of our c u r r e n t research i s to de
velop a s i n g l e , m u l t i - t e c h n i q u  procedur  t h a t  b
used f o r simultaneou
major m e t a b o l i t e s a t c o n c e n t r a t i o n s as lo  as 0 pg/m
of body f l u i d . The method c o n s i s t s of d i r e c t i n j e c 
t i o n of the body f l u i d onto a reverse-phase high p r e s 
sure l i q u i d chromatographic (HPLC) column, c o l l e c t i o n 
of the e l u e n t f r a c t i o n s c o n t a i n i n g the A9-THC and i t s 
m e t a b o l i t e s , d e r i v a t i z a t i o n , and q u a n t i t a t i o n u s i n g 
c a p i l l a r y gas chromatography/chemical i o n i z a t i o n mass 
spectrometry. This i s the b a s i c approach t h a t we used 
f o r q u a n t i t a t i o n of benzoyl ecgonine i n u r i n e ( 6 ) . We 
expect t h a t once the method i s f u l l y developed, i t w i l l 
be p o s s i b l e to use i t f o r q u a n t i t a t i o n of a wide v a r i 
e t y o f drugs and me t a b o l i t e s w i t h only minor changes 
i n the o p e r a t i o n a l parameters. I t should a l s o be pos
s i b l e t o automate most phases of the method i n order 
to reduce the amount of l a b o r r e q u i r e d and i n c r e a s e 
the method's p r e c i s i o n . 

The o v e r a l l method can be d e s c r i b e d best by con
s i d e r i n g s e p a r a t e l y each of the i n d i v i d u a l techniques 
employed. 

High Fressure Liquid Chromatography Clean-up. 

High pressure l i q u i d chromatography i s used to 
i s o l a t e THC and i t s two me t a b o l i t e s from the bulk of 
the other components of body f l u i d s due to t h e i r d i f 
ferences i n r e l a t i v e r e t e n t i o n . By d i r e c t i n j e c t i o n 
of the body f l u i d and subsequent c o l l e c t i o n f o l l o w i n g 
g r a d i e n t e l u t i o n , THC and two of i t s m e t a b o l i t e s are 
simu l t a n e o u s l y e x t r a c t e d and s i g n i f i c a n t l y p u r i f i e d i n 
one s t e p . 

The HPLC system we use f o r i s o l a t i o n of the THC 
and the two me t a b o l i t e s uses a y-Bondapak-C,g r e v e r s e -
phase column. (Waters A s s o c i a t e s , Inc.) Tne column 
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i s e l u t e d u s i n g a water/methanol g r a d i e n t . Our reason 
f o r choosing t h i s system i s t h a t i t a l l o w s us to i n 
j e c t the body f l u i d d i r e c t l y onto the column. Further
more, the r e t e n t i o n volumes of the THC and m e t a b o l i t e s 
are h i g h l y r e p r o d u c i b l e , s i n c e they are dependent p r i 
m a r i l y on our a b i l i t y to a c c u r a t e l y reproduce the s o l 
vent g r a d i e n t p r o f i l e . This l a t t e r f a c t o r i s very im
p o r t a n t s i n c e we are concerned w i t h c o n c e n t r a t i o n s of 
cannabinoids below the d e t e c t a b i l i t y of the UV absorp
t i o n d e t e c t o r of the HPLC system. To permit us t o 
monitor the r e p r o d u c i b i l i t y of the g r a d i e n t p r o f i l e we 
add a marker compound to the body f l u i d , along w i t h a 
deuterated analog of each of the cannabinoids to be 
measured, before i n j e c t i o n onto the column. 

Marker Compound 

9 + 
Δ - T H C-9 - C a r boxy lie 

acid 

II OH-Δ-THC 

A 9 - T H C 

5 10 
Time, minutes 

15 

Figure 4. HPLC chromatogram of 1 mL of urine using a reverse phase column 

F i g u r e 4 shows the UV a b s o r p t i o n chromatogram f o r a 1-
ml u r i n e sample c o n t a i n i n g 20 ng of the deuterated an
alogs of A9-THC, 11-0H-A9-THC, and l l - n o r - A 9 - T H C - c a r -
b o x y l i c a c i d , and 1 yg of a marker compound. In t h i s 
case the marker compound i s 2-methylnaphthalene which 
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9 
élûtes c o i n c i d e n t w i t h the ll-nor-Δ -THC-carboxylic 
a c i d . Since the marker compound has a molecular 
weight c o n s i d e r a b l y lower than the cannabinoids, i t 
does not i n t e r f e r e i n any way w i t h the GC/MS q u a n t i t a 
t i o n . 

Our i n i t i a l attempts to use t h i s HPLC clean-up of 
u r i n e samples p r i o r to q u a n t i t a t i o n of the carboxy me
t a b o l i t e were s u c c e s s f u l down t o a c o n c e n t r a t i o n of 
5 ng/ml. At lower c o n c e n t r a t i o n s we obtained e r r a t i c 
r e s u l t s . The problem was subsequently t r a c e d to par
t i a l r e t e n t i o n of the cannabinoid i n the i n j e c t o r , 
g i v i n g r i s e to the s o - c a l l e d "ghosting" phenomenon. 
We are now u s i n g a Waters A s s o c i a t e s Model U6K i n j e c 
t o r which appears to be f r e e of t h i s problem. 

Concentration and
Eluent. 

A f t e r c o l l e c t i o n of the water-methanol e l u e n t 
c o n t a i n i n g the cannabinoids, i t i s necessary to remove 
a l l o f the methanol and water before d e r i v a t i z a t i o n 
and GC/MS a n a l y s i s . Normal evaporation under a Ν 2 
stream i s time-consuming because of the low v o l a t i l i t y 
of the water. We are now us i n g a Buchler evaporator 
f o r t h i s o p e r a t i o n . This device permits simultaneous 
c o n c e n t r a t i o n of t h i r t y - s i x 15-ml e l u e n t f r a c t i o n s by 
means of he a t i n g under reduced pressure w h i l e a p p l y i n g 
a v o r t e x i n g a c t i o n to prevent s o l v e n t bumping. In our 
l i m i t e d experience w i t h the device i t appears t o work 
w e l l . In a t e s t run c o n s i s t i n g of an i n t e r m i x of 
tubes c o n t a i n i n g r a d i o - l a b e l e d and unlabeled A9-THC, 
we found no evidence f o r cross-contamination between 
samples. 

A f t e r e v a p o r a t i o n t o dryness the f r a c t i o n s are 
d e r i v a t i z e d by he a t i n g w i t h b i s - t r i m e t h y l s i l y l t r i -
fluoroacetamide (BSFTA) a t 90°C f o r one hour. 

Separation by Glass Capillary Gas Chromatography 

For GC/MS a n a l y s i s of the d e r i v a t i z e d f r a c t i o n s 
we are c u r r e n t l y u s i n g a 25 meter χ 0.26 mm I.D. SE-
30 coated g l a s s c a p i l l a r y column s u p p l i e d by the 
Quadrex Company. Although our experience w i t h quan
t i t a t i v e analyses u s i n g c a p i l l a r y columns i s s t i l l 
very l i m i t e d , we are convinced t h a t g l a s s c a p i l l a r y 
columns o f f e r s i g n i f i c a n t advantages f o r t h i s type of 
a n a l y s i s . S p e c i f i c a l l y , the advantages i n c l u d e : 

1. B e t t e r r e s o l u t i o n ; t h e r e f o r e , l e s s chance 
of i n t e r f e r e n c e s i n the SIM q u a n t i t a t i o n . 
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2. Sharper peaks; t h e r e f o r e b e t t e r s e n s i t i v i t y . 

3. The a b i l i t y t o operate a t lower temperatures 
w i t h l e s s chance of l o s s of sample due t o 
ads o r p t i o n and thermal decomposition. 

F i g u r e 5 compares chromatograms of Δ 8- and Δ 9-
THC-TMS and ll-hydroxy-A 8-THC-TMS obtained on a g l a s s 
c a p i l l a r y column and a 6 f t . χ 2mm I.D. packed column. 
The r e t e n t i o n times of the cannabinoids are comparable, 
but the r e s o l u t i o n and s e n s i t i v i t y achieved on the 
c a p i l l a r y column i s f a r s u p e r i o r . The c a p a c i t y of the 
c a p i l l a r y column i s of course f a r l e s s than t h a t of the 
packed column. Ne v e r t h e l e s s , by u s i n g a Grob-type 
s p l i t l e s s i n j e c t o r (7) we are able to i n j e c t s e v e r a l 
m i c r o l i t e r s of s o l u t i o
cannabinoid withou
a support-coated open t u b u l a r column should i n c r e a s e 
the column c a p a c i t y , but a t some s a c r i f i c e o f r e s o l u 
t i o n and s e n s i t i v i t y . 

Quantitation Using CI Mass Spectrometry and 
Selected Ion Monitoring. 

Measurement of the r a t i o of co n c e n t r a t i o n s o f 
each cannabinoid and i t s deuterated analog i s achieved 
u s i n g chemical i o n i z a t i o n and the technique of s e l e c 
ted i o n monitoring as p r e v i o u s l y d e s c r i b e d . Because 
of the low c a r r i e r gas flow r a t e used f o r c a p i l l a r y 
columns, we can use v i r t u a l l y any c a r r i e r gas we want 
(helium, hydrogen, etc.) and simply introduce our rea 
gent gas or gases i n t o the ion course v i a the make-up 
gas i n l e t . 

F i g u r e 6 shows the methane-ammonia CI mass spec
trum of the b i s - t r i m e t h y l s i l y l d e r i v a t i v e of 11-nor 
Δ 9-τΐ^ c a r b o x y l i c a c i d . As i n the methane-ammonia 
CI mass s p e c t r a of the other cannabinoids, the only 
abundant i o n corresponds t o the protonated imolecule 
ion (MH+). The computer program we use to c o n t r o l the 
mass spectrometer during s e l e c t e d ion monitoring per
mits monitoring of d i f f e r e n t s e t s o f io n masses f o r 
s p e c i f i c i n t e r v a l s d u r i ng the GC/MS a n a l y s i s . There
f o r e , t o measure a l l three cannabinoids d u r i n g a s i n 
gle run we can monitor m/e 38 7 and 390 corresponding 
to the MH+ of d Q - and d 3^ 9-THC-TMS u n t i l they have 
e l u t e d , then s w i t c h t o monitoring m/e 475 and 478, and 
f i n a l l y m/e 489 and 492, corresponding t o the p r o t o 
nated molecule ions of dQ-and d3~ll-hydroxy-A -THC 
TMS and d Q - and d ^ - l l - n o r A 9-THC-9-carboxylic a c i d TMS, 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



4. FOLTZ E T A L . GC/CI-MS Analyses 69 

Figure 5. Comparison of capillary and packed column performances 

r e s p e c t i v e l y . In t h i s way we can maximize the amount 
of time spent i n t e g r a t i n g the i o n c u r r e n t of each com
pound of i n t e r e s t w h i l e i t i s e l u t i n g from the GC c o l 
umn . 
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I I I . CONCLUSIONS 
9 

The method we are using for quant i ta t ion of Δ -
THC i n blood, i nvo lv ing solvent ex t rac t ion and GC/MS 
quan t i t a t ion , has been used i n our laboratory for over 
1 year. I t gives sa t i s fac to ry resu l t s for THC concen
t ra t ions down to 0.5 ng/ml i f at l eas t 0.5 ml of p l a s 
ma, i s a v a i l a b l e . 

Our HPLC/capi l lary/GC CI-MS method for s imul ta 
neous measurement of THC and several of i t s metabo
l i t e s appears very promising, but has not been f u l l y 
reduced to p r ac t i c e . I t may seem that employing such 
an array of high performance and expensive techniques 
for t h i s type of analys is i s "instrumental o v e r - k i l l . " 
However, we bel ieve that i t w i l l prove very useful i n 
our s i t u a t i o n , becaus
s i t i v i t y , wide v e r s a t i l i t y
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for Quantification of Tetrahydrocannabinol in Human 

Blood Plasma 
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In 1973 we invest igated a mass fragmentographic 
method to determine Δ 1 - t e t r a h y d r o c a n n a b i n o l (THC) in 
plasma from cannabinis smokers (1 ,2) . This method was 
used for pharmacokinetic studies of Δ6-THC in man after 
smoking, where the plasma leve ls were corre la ted with 
phys io log i ca l and psychological effects (3). To im
prove the sensitivity and to give an a l t e rna t ive route 
if i n t e r f e r i ng endogenous lipids or other contaminants 
appear, we have now developed a de r iva t i za t i on proce
dure for the determination of Δ1-THC and Δ6-THC by th i s 
nanogram-sensitive technique. 

METHODS 

The synthet ic procedures for deuterium l abe l l ed 
THC used to have been published elsewhere (4 ,5) . d2
-Labelled Δ1- and Δ6-THC were synthesized s t a r t i ng 
from 3,5-dimethoxybenzoic ac id . The content of unla-
be l l ed THC in the final product was determined from 
mass spectroscopy to be 10%. To increase the number 
of deuterium atoms in the molecule and to obtain a 
lower content of unlabel led THC we therefore, with some 
modif icat ions , used the method of Pitt et al, (6). For 
the synthesis of d3- or d7-labelled THC 5-(3,5-dimeth-
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oxy-phenyl)-penta-2,4-dienoate was used as s t a r t i n g 
m a t e r i a l . The deuterium content was f o r the d3«ana-
logue (m/e 314, 317) : d Q 0.7%, d 3 100% and f o r the 
d 7-analogue (m/e 314, 321) : d 2%, d 7 100%. The com
pounds were found to be more than 9 5% pure according to 
GLC. The p o s i t i o n s of the deuterium i n A1-THC and 
Ai-THC and Δ 6-THC are shown i n F i g . 1. 

Δ'-THC A6-THC 

2" 4" 

D 
D D 

D D D 

Figure 1. Formulas of ùJ-THC and A6-THC and deuterium containing internal 
standards 

ANALYSIS OF THC IN BLOOD PLASMA 
The f o l l o w i n g procedure was used f o r A1-THC (1,2) 

and f o r A6-THC (3 ) . In a d d i t i o n a s i l y l a t i o n step was 
intr o d u c e d . 
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BLOOD SAMPLES 
Plasma samples were obtained from s u b j e c t s a f t e r 

smoking cannabis samples c o n t a i n i n g 5-20 mg Δΐ-THC or 
A6-THC. In another t e s t , s u b j e c t s were given o r a l 
doses of up t o 50 mg A1-THC. Blood samples (10 ml) 
from smokers were c o l l e c t e d as needed i n h e p a r i n i z e d 
tubes. Plasma (5 ml) obtained by c e n t r i f u g a t i o n was 
s t o r e d i n s i l a n i z e d g l a s s tubes a t -20°C u n t i l a n a l y 
s i s . The plasma samples (1-4 ml) obtained from sub
j e c t s given o r a l doses of A1-THC were frozen a f t e r 
c e n t r i f u g a t i o n and s t o r e d a t -20°C f o r four months be
fo r e a n a l y s i s . 

EXTRACTION 
To a 1-4 ml plasm

t e r a t e d i n t e r n a l standar
50 y l e t h a n o l . The e x t r a c t i o n procedure and the l i q u i d 
chromatographic p u r i f i c a t i o n on Sephadex LH-20 columns 
are d e s c r i b e d i n d e t a i l i n our previous s t u d i e s (1-3). 
The p u r i f i e d sample was d i s s o l v e d i n absolute ethanol 
(10 y l ) and kept c o l d (-20°C) and dark u n t i l a n a l y s i s . 
This s o l u t i o n can be subjected to mass fragmentography 
d i r e c t l y or a f t e r s i l y l a t i o n . 
SILYLATION 

On the day of a n a l y s i s the samples were d r i e d un
der n i t r o g e n and d i s s o l v e d i n 25 y l dry a c e t o n i t r i l e , 
mixed w i t h 10 y l s i l y l a t i n g agent B S A — N , 0 , b i s - t r i -
m e t h y l s i l y 1 ) - a c e t a m i d e — o r BSTFA—Ν,0-bis-(trimethy1-
s i l y l ) - t r i f l o u r o a c e t a m i d e — a n d kept a t 50-60° f o r 10 
minutes. The s o l u t i o n s were evaporated to dryness 
under a stream of n i t r o g e n and r e d i s s o l v e d i n 10 y l dry 
a c e t o n i t r i l e and 2 y l was subj e c t e d to mass fragmento-
graphy. 
MASS FRAGMENTOGRAPHY 

Mass fragmentography was c a r r i e d out usin g an LKB 
2091 GC-MS instrument. The column was a 1.4x2mm i . d . 
s i l a n i z e d g l a s s column c o n t a i n i n g 3% OV-17 or 3% SE-30 
on Gas Chrom Q 100/120 mesh. Temperatures were i n the 
column 210°C, f l a s h heater 250°C and ion source 290°C. 
Helium was c a r r i e r gas (25 ml/min) and t y p i c a l r e t e n 
t i o n times were: Δβ-THC 4.0 min. and A!-THC 4.5 min. 
Lower column temperatures (180°C) was used f o r the 
s i l y l a t e d cannabinoids. For mass fragmentography a 
m u l t i p l e i o n detec t o r was added (7) . For Δΐ-THC-TMS 
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( T M S = t r i m e t h y l s i l y l ) the mass spectrometer was s e t to 
con t i n u o u s l y r e c o r d the i n t e n s i t y of m/e 38 6 (molecular 
ion) and f o r the i n t e r n a l standard Δ1-THC-d3~TMS the 
i n t e n s i t y of m/e 389 (molecular i o n ) . The i o n i z i n g 
p o t e n t i a l was optimized a t 50 eV f o r both the s i l y l a t e d 
and u n d e r i v a t i z e d THC. 

The r e l a t i v e standard d e v i a t i o n when 1 ng was i n -
j e - t e d was 2.7% (n=5) and w i t h 0.5 ng i n j e c t e d 5.7% 
(n=5). 

The standard curves were prepared by adding known 
amount of A1-THC (0.5 - 20 ng/ml) to blank plasma sam
pl e s and c a r r y i n g out the des c r i b e d procedure ( F i g . 2 ) . 
The c o r r e c t n e s s of the standard curves was checked dur
i n g the day. 

PEAK HEIGHT RATIO A'-THC-TM
A-THC-d3

10 15 20 
η g Δ'-THC 

Figure 2. Standard curve for A^THC-TMS (0-20 ng/mL) in plasma 

RESULTS AND DISCUSSION 
The e x t r a c t i o n procedure f o r both A1-THC and Δ 6-

THC, as revealed by experiment w i t h t r i t i u m l a b e l l e d 
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compounds i s q u i t e e f f i c i e n t and the recovery a f t e r 
both e x t r a c t i o n and l i q u i d chromatographic p u r i f i c a t i o n 
i s u s u a l l y over 80%. The p e r t i n e n t f r a c t i o n 5 ml from 
the Sephadex LH-20 column c o n t a i n s over 90% of the peak, 
but a 7-8 ml f r a c t i o n i s c o l l e c t e d . The s e n s i t i v i t y i n 
the f i n a l mass fragmentographic assay may be l i m i t e d by 
the amount of n o n - l a b e l l e d (d Q) compound present i n the 
deuterated i n t e r n a l standard. This i n t e r f e r e s w i t h the 
n o n - l a b e l l e d THC i n the plasma. Thus, we have t r i e d to 
minimize t h i s i n t e r f e r e n c e by i n c r e a s i n g the number of 
hydrogens s u b s t i t u t e d w i t h deuterium, and by l i m i t i n g 
the amount of i n t e r n a l standard i n the samples c o n t a i n 
i n g low amounts of THC. Thus, the present l i m i t of 
s e n s i t i v i t y i s p a r t l y due t o the amount o f THC-d Q i n 
the i n t e r n a l standard and not due to the chromatographic 
or mass s p e c t r o m e t r i  problem  A  expected
d3-containing THC showed
l e a s t contamination w i t  d Q-analogues (0.7-2%). 

The present s e n s i t i v i t y f o r u n d e r i v a t i z e d THC i s 
0.3 ng/ml plasma. This s e n s i t i v i t y i s s t i l l not s a t i s 
f a c t o r y to f o l l o w Δΐ-THC l e v e l s i n plasma from s u b j e c t s , 
more than 12-24 hours. In order to improve the s e n s i 
t i v i t y i t may a l s o be necessary t o reduce the blood 
sample volumes or to e l i m i n a t e compounds i n t e r f e r i n g 
w i t h mass fragmentography. A f t e r s i l y l a t i o n , the sen
s i t i v i t y i n c r e a s e d down t o 0.1 ng/ml plasma. With a 
s e n s i t i v i t y of 0.1 ng/ml plasma i t may perhaps be poss
i b l e to e s t a b l i s h a t r u e e l i m i n a t i o n phase f o r A1-THC 
i n man. Lemberger and co-workers (8) have estimated 
e l i m i n a t i o n phase h a l f - l i v e s i n man of 1-2 days. 

T y p i c a l mass fragmentograms from the determinations 
of A!-THC l e v e l s i n man a f t e r o r a l a d m i n i s t r a t i o n are 
shown i n F i g . 3. The plasma l e v e l of 0.2 ng/ml was 
determined from a t o t a l volume of 2.25 ml plasma. 

We have so f a r encountered l i t t l e i n t e r f e r e n c e i n 
the mass fragmentographic determination of THC pro
v i d e d r e d i s t i l l e d s o l v e n t s , p a r t i c u l a r l y e t h a n o l , and 
a l l g l a s s apparatus are used. I f i n t e r f e r e n c e does 
occur, the s i l y l a t i o n technique provides an a l t e r n a t i v e . 

T his method can a l s o be used to determine both un-
d e r i v a t i z e d or s i l y l a t e d c a n n a b i d i o l and cannabinol 
from plasma. 
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Figure 3. Mass fragmentograms of ^-THC-TMS (m/e 386) with A6-THC-d3-
TMS as internal standard (m/e 389) from purified plasma extracts. Plasma levels 

of 0.0, 0.2, 6.6, and 19 ng/mL. 
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A General Approach to the Analysis of Cannabinoids 

from Physiological Sources 

J. R O S E N F E L D 

Department of Pathology, McMaster Medical Centre, Hamilton, Ontario, Canada 

It has been establ ished that af ter smoking a 
pharmacological dose of Δ9-THC the plasma concentra
t ions of that drug do not rise above several hundred 
ng/ml of plasma and that during the period of psycho
logical effect the concentration is less than 50 ng/ml. 
Since Δ9-THC and many of its metabolites are lipophil
ic, the general problem is summarized as the determina
tion of nanogram quant i t ies of a lipophilic drug i n 
the lipid f r ac t ion of plasma. 

Determination of concentration in the ng/ml range 
requires the h ighly sens i t ive detectors of gas chroma-
tography, such as e lec t ron capture (EC), alkali flame 
(AF), and mass spectrometry (MS). The situation, how
ever, is complicated by the l i p o p h i l e s present in the 
plasma and/or serum. This problem was h ighl ighted 
when EC was used to achieve the required sensitivity. 
Fenimore (1) and Garret t (2) reported on EC methods 
for Δ9-THC in human serum and dog plasma, r e spec t ive ly . 
Both used acy la t ion with h ighly f luor ina ted reagents 
to prepare der iva t ives for EC detec t ion . However, 
there was a dramatic change in the gas chromatographic 
traces and apparent interferences from lipophiles. 
The cause for the differences has not been determined 
but these resu l t s prompted Mechoulam to warn that i n 
the ana lys is of Δ9-THC and its metabolites it may not 
be poss ible to simply exchange plasma of d i f fe ren t 
species but that each may, in fac t , be d i f fe ren t (3). 

When the problem is expanded to include the 
determination of metabolites the situation becomes 
more complex (F ig . 1 ) . 

0-8412-0488-8/79/47-098-081$05.00/0 
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"C5HH ^ O - ^ ^ C s H u 
Ο 

DIHYDROXYLATED B m U . r u . Λ r w 

METABOLITES R 1 M ' C M 3 - C C M 3 
Ο 

C5H11 

R2"H; C-CHg 

Ηγ

MONOHYDROXYLATED 

11 OXO Δ ' -THC 

Ο ^ C5H11 
6ketoA 9 -THC 

C 0 2 H 

CO2H 

R 1 - H R2-OH 
R r O H R 2 - H 

CABOXYUC ACID METABOLITES 

Figure I . Metabolism of Δ9-ΤΗϋ 

When we f i r s t approached the study on the determina
t i o n of the cannabinoids by mass spectrometry, we 
were somewhat i n t i m i d a t e d by the l a r g e number of pos
s i b l e m e t a b o l i t e s . We were a l s o concerned about the 
requirement of deuterated analogs of the compounds 
f o r mass sp e c t r o m e t r i c d e t e r m i n a t i o n . The d i f f i c u l 
t i e s i n v o l v e d i n the s y n t h e s i s of nonlabeled com
pounds, however, argued f o r an approach t h a t d i d not 
r e q u i r e t o t a l s y n t h e s i s of the deuterated analogs. 

We t h e r e f o r e a p p l i e d Occham's r a z o r t o our de
l i b e r a t i o n s and decided t h a t , i n f a c t , w i t h only one 
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or two ex c e p t i o n s , we were d e a l i n g w i t h phenols. The 
problem then "reduced" to the a n a l y s i s of l i p i d s o l u 
bl e phenols i n the l i p i d m atrix of plasma. 

+ S^^xK + Ν,Ν,Ν, TRIMETHYL 
1 1 1 ANALINIUM 

CsHfl ^O-^vAcsHu HYDROXIDE 

Δ 4 —THC EXTERNAL STANDARD 

PRESENT IN SOLUTION PRIOR TO INJECTION 

PRESENT IN INJECTOR PORT 

Figure 2. Derivatization of THC 

Our o r i g i n a l method f o r A 9-THC ex p l o r e d t h i s 
problem t o some extent. Rather than attempt the syn
t h e s i s of deutero l a b e l e d A 9-THC we decided to analyze 
A 9-THC as i t s own methyl e t h e r ( F i g . 2 ) . Our i n t e r n a l 
standard would be 1-0-perdeuteriomethy1-A 9-THC. I t 
was proposed to convert A 9-THC to i t s 1-0-methyl ether 
f o r the a n a l y s i s . T h i s was e f f e c t e d by the c o - i n j e c t 
ion of t r i m e t h y l a n i l i n i u m hydroxide and A 9-THC. A t 
the e l e v a t e d temperatures of the i n j e c t o r p o r t the 
phenol i s converted to i t s methyl d e r i v a t i v e . This 
conversion i s both r e p r o d u c i b l e and q u a n t i t a t i v e . I t 
i s t h e r e f o r e s u i t a b l e f o r use i n any a n a l y t i c a l t e c h 
nique . 

The problem of l i p o p h i l e s remained and here again 
we c o u l d make use of the a c i d f u n c t i o n a l i t y o f the 
phenols. With l e s s l i p i d s o l u b l e phenols such as the 
s t e r o i d s , simple back e x t r a c t i o n from o r g a n i c s o l v e n t 
i n t o s t r o n g base would have been s u f f i c i e n t . However, 
the h i g h l i p i d s o l u b i l i t y of A 9-THC n e c e s s i t a t e d t h a t 
e x t r a c t i o n be c a r r i e d out wi t h Brodie's s o l v e n t (hex-
ane and isoamyl a l c o h o l ) and t h a t back e x t r a c t i o n be 
done w i t h C l a i s e n ' s a l k a l i , which i s a mixture of KOH, 
methanol, and water. A f t e r a c i d i f i c a t i o n of the 
C l a i s e n f s a l k a l i , A 9-THC c o u l d be recovered by e x t r a c t 
i o n . The e x t e r n a l standard and the t r i m e t h y l a n i l i n i u m 
hydroxide were added and the e x t r a c t e d phenol ( i . e . 
A9-THC) was converted to the 1-0-methyl d e r i v a t i v e 
i n the i n j e c t o r p o r t and the determination c a r r i e d out 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



84 C A N N A B I N O I D A N A L Y S I S I N P H Y S I O L O G I C A L F L U I D S 

by mass spectrometry. 
Using t h i s method we were able to ob t a i n plasma 

c o n c e n t r a t i o n p r o f i l e s from humans who had smoked 
c i g a r e t t e s dosed a t 88 μ g THC/kg. T h i r t y minutes a f t e r 
smoking; the c o n c e n t r a t i o n ranged from 5 t o 35 ng/ml 
w i t h an average of 17 ng/ml ( 4 ) . These values were 
s i m i l a r to the c o n c e n t r a t i o n range r e p o r t e d by A g u r e l l 
(5) . 

We attempted t o approach the determination of 
ll - h y d r o x y - A 9 - T H C i n the same way. P r e l i m i n a r y e x p e r i 
ments showed t h a t l l - h y d r o x y - A 9 - T H C was not very s o l u 
b l e i n Brodie's s o l v e n t and the meta b o l i t e was unsta
b l e to me t h y l a t i o n w i t h t r i m e t h y l a n i l i n i u m hydroxide. 
In the l a t t e r experiment, we determined that two 
products were formed, but they were formed i n i r r e p r o 
d u c i b l e r a t i o s . The major product was 1,11,-dimethyl
ll-hydroxy-A9-THC. W
product. 

I t was c l e a r t h a t a mi l d e r form of d e r i v a t i z a t i o n 
was r e q u i r e d i f we were t o be s u c c e s s f u l i n c a r r y i n g 
on w i t h our o r i g i n a l philosophy of a n a l y z i n g the 
cannabinoids as t h e i r 1 - 0 - a l k y l d e r i v a t i v e s . We found 
t h a t the technique of phase t r a n s f e r c a t a l y s i s s u i t e d 
our requirements. 

AH A" + H + 

AQUEOUS (R) 4 NOH — (R)4N + 0 H 
PHASE μ 

(R)4NA~ 

(R)4NA~ 

[(R) 4N+ A"]? 

R 2 X 

A - R 2 

R = HYDROCARBON 

X = I,Br. 

Figure S. Phase transfer alkyhtion process 

This technique i n v o l v e s the e x t r a c t i o n of the 
anion of an organic a c i d as i t s i o n p a i r w i t h a l i p i d 
s o l u b l e quaternary ammonium c a t i o n ( i n our case, t h i s 

ORGANIC 
PHASE 
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was t e t r a h e x y l ammonium hy d r o x i d e ) ; i f the o r g a n i c 
phase co n t a i n s an a l k y l a t i n g agent such as a bromo or 
iodo hydrocarbon the anion becomes a l k y l a t e d as i n 
F i g . 3. The exact mechanism i n v o l v e d i n t h i s a l k y l a -
t i o n i s s t i l l u n c e r t a i n . Whatever the a c t u a l mechan
ism both methyl and e t h y l i o d i d e were e q u a l l y r e a c t i v e , 
g i v i n g the 1 - 0 - a l k y l d e r i v a t i v e i n q u a n t i t a t i v e y i e l d . 
This was important because the 1-0-methyl ether o f 
ll-hydroxy-A 9-THC has been shown to be a m e t a b o l i t e of 
ll-hydroxy-A 9-THC (6). Thus by d e r i v a t i z i n g to the 
e t h y l ether we were c e r t a i n t h a t we would be s p e c i f i 
c a l l y measuring ll-hydroxy-A 9-THC and not an endoge-
nously formed m e t a b o l i t e ( F i g . 4 ) . 

Figure 4. Analysis and metabolism of 11-hydroxy-A9-THC 

There was one f u r t h e r problem, namely the 1-0-
e t h y l - l l - h y d r o x y - A 9 - T H C was s u s c e p t i b l e to p y r o l y s i s 
a t the e l e v a t e d temperatures of the i o n source. This 
r e s u l t e d i n i r r e p r o d u c i b l e mass s p e c t r a . S i l y l a t i o n 
of the a l l y l i c a l c o h o l f u n c t i o n a l i t y overcame t h i s 
d i f f i c u l t y and the r e s u l t i n g e l e c t r o n impact fragmen
t a t i o n p a t t e r n was q u i t e simple showing o n l y one major 
peak, base peak a t m/e = 327. The t r i m e t h y l s i l y l i o n 
appeared a t m/e = 7 3 (7). 

This was i n t e r e s t i n g because there are s e v e r a l 
monohydroxylic m e t a b o l i t e s of A9-THC. I f we were 
mo n i t o r i n g , say, the molecular i o n , we would d e t e c t 
a l l o f these m e t a b o l i t e s . Since 327 r e s u l t s from a 
l o s s o f C - l l , t h i s i o n i s s p e c i f i c f o r the d e r i v a t i v e 
of ll-hydroxy-A 9-THC. This i s probably a minor p o i n t , 
because the v a r i o u s monohydroxylated m e t a b o l i t e s have 
been shown to be separable by gas chromatography. 
N e v e r t h e l e s s , i t does r e s u l t i n a h i g h l y s p e c i f i c de
t e r m i n a t i o n f o r the most debated m e t a b o l i t e . 

Due to the s p e c i f i c i t y of the mass spectrometer 
the problem o f l i p o p h i l e s was not l i m i t i n g i n the 
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d e t e r m i n a t i o n of the hydroxy m e t a b o l i t e . Simple ex
t r a c t i o n w i t h methylene c h l o r i d e gave an e x t r a c t s uf
f i c i e n t l y c l e a n to p e r m i t , a f t e r a p p r o p r i a t e d e r i v a t i -
z a t i o n , d e t e r m i n a t i o n of c o n c e n t r a t i o n s of s e v e r a l 
nanograms per m i l l i l i t e r . 

We c a r r i e d out a study i n the dog to determine 
the formation of ll-hydroxy-A 9-THC from A9-THC. In 
the f i r s t stage we i n j e c t e d ll-hydroxy-A 9-THC i n order 
to determine the beta phase h a l f - l i f e o f the metabo
l i t e ; the h a l f - l i f e was approximately 1.5 hours. How
ever, when Δ9-THC was administered to the same dog 
e i t h e r o r a l l y or i n t r a v e n o u s l y the m e t a b o l i t e was not 
d e t e c t a b l e . 

There are s e v e r a l p o s s i b l e e x p l a n a t i o n s f o r t h i s 
r e s u l t . The most obvious are t h a t the dog does not 
h y d r o x y l a t e A9-THC t th  C - l l p o s i t i o  method 
was i n s u f f i c i e n t l y s e n s i t i v
c o n c e n t r a t i o n s i n th  dog  p o s s i b l
t h i s p a r t i c u l a r dog was a t y p i c a l . In the case of o r a l 
dosage i t was a l s o p o s s i b l e t h a t A9-THC was not read
i l y absorbed. 

In order to answer some of these questions we em
barked on a second study. The purpose of t h i s study 
was t o show t h a t A9-THC was present i n the c i r c u l a t i o n 
of an animal and as a consequence, ll-hydroxy-A 9-THC 
appeared i n the plasma. For t h i s study we chose the 
r a b b i t as our animal model. S e v e r a l workers have 
shown t h a t the r a b b i t o x i d i z e s A9-THC a t the C - l l p o s i 
t i o n and a l s o t h a t r a b b i t l i v e r microsomes o x i d i z e 
A9-THC a t the C - l l p o s i t i o n and a l s o t h a t r a b b i t l i v e r 
microsomes o x i d i z e A9-THC to ll-hydroxy-A 9-THC. We 
were thus assured t h a t we would not be d e a l i n g w i t h a 
species where there was doubt about o x i d a t i o n a t C - l l 
(3) . 

Before e n t e r i n g i n t o the study we f e l t t h a t i t 
would be u s e f u l to have a method t h a t would determine 
both parent drug and m e t a b o l i t e s i m u l t a n e o u s l y . There 
were two reasons f o r t h i s ; f i r s t , the l o g i s t i c s of the 
work would be g r e a t l y improved s i n c e only one determi
n a t i o n would have to be c a r r i e d out per sample of 
plasma; second, our o r i g i n a l hypothesis was t h a t , by 
e x p l o i t a t i o n of the chemistry of the phenol groups we 
c o u l d determine A9-THC and most of i t s m e t a b o l i t e s . 
Our f i r s t two techniques determined these compounds 
but by d i f f e r e n t e x t r a c t i o n and d e r i v a t i z a t i o n s . 
Therefore, these techniques l a c k e d general a p p l i c a b i l i 
t y t o the cannabinoids. Our philosophy h e l d t r u e but 
our chemistry d i d not. 

A simple study on the simultaneous e x t r a c t i o n of 
r a d i o - l a b e l e d A9-THC and ll-hydroxy-A 9-THC once again 
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showed t h a t anything a l i v e or even something once 
a s s o c i a t e d w i t h a l i v i n g e n t i t y can and u s u a l l y does 
throw a curve a t the a n a l y t i c a l chemist. When A9-THC 
was e x t r a c t e d from water, methylene c h l o r i d e and d i e t h 
y l e ther e x t r a c t e d the drug q u a n t i t a t i v e l y whereas 
toluene e x t r a c t e d only 80% of the A9-THC. However, 
when e x t r a c t i o n s were c a r r i e d out from human plasma or 
r a b b i t plasma both methylene c h l o r i d e and e t h y l ether 
e x t r a c t e d l e s s than 45% of the compounds. Toluene, 
however, s t i l l e x t r a c t e d approximately 80% i n both 
cases. In a d d i t i o n the y i e l d of e x t r a c t i o n from r a b b i t 
plasma was s l i g h t l y higher than t h a t found i n human 
plasma. There are three t h i n g s t h a t are s t r i k i n g 
about these data. F i r s t , d e s p i t e the acknowledged 
l i p i d s o l u b i l i t y of A9-THC, the drug, as documented by 
G a r r e t t and Hunt, i  s o l u b l  i
(7). Consequently
i n a l l o r g a n i c s o l v e n t s . In f a c t , o n l y the p o l a r 
s o l v e n t s such as d i e t h y l ether and methylene c h l o r i d e 
are capable of q u a n t i t a t i v e l y e x t r a c t i n g A9-THC from 
water. Second, i t i s s u r p r i s i n g t h a t those s o l v e n t s 
t h a t e x t r a c t A9-THC e f f i c i e n t l y from water are not 
e f f i c i e n t a t e x t r a c t i n g i t from plasma. I t i s a l s o 
i n t e r e s t i n g t h a t there i s no change i n the e x t r a c t i o n 
e f f i c i e n c y u s i n g t o l u e n e . F i n a l l y i t i s i n t e r e s t i n g 
t h a t the e x t r a c t i o n e f f i c i e n c y f o r a l l three s o l v e n t s 
i s s l i g h t l y higher from r a b b i t plasma than from human 
plasma. 

I t i s not p o s s i b l e , c u r r e n t l y , to o f f e r an e x p l a 
n a t i o n f o r these o b s e r v a t i o n s , but perhaps i t i s per
m i s s i b l e to s p e c u l a t e . The low e f f i c i e n c y w i t h methy
lene c h l o r i d e might be e x p l a i n e d by the f a c t t h a t pro
t e i n s p r e c i p i t a t e when plasma i s e x t r a c t e d w i t h t h i s 
s o l v e n t . Since A9-THC i s bound t o p r o t e i n , i t may 
c o - p r e c i p i t a t e and not be e x t r a c t e d from p r e c i p i t a t e . 
However, c o - p r e c i p i t a t i o n w i t h p r o t e i n s cannot be 
invoked to e x p l a i n the r e s u l t s w i t h d i e t h y l ether 
s i n c e t h i s s o l v e n t does not cause p r o t e i n p r e c i p i t a 
t i o n . Furthermore, i t i s a l s o necessary t o e x p l a i n 
the o b s e r v a t i o n on e x t r a c t i o n w i t h toluene and the 
d i f f e r e n c e s between r a b b i t and human plasma. The co-
p r e c i p i t a t i o n argument i s simply not a p p l i c a b l e t o 
these phenomena. 

We hypothesize t h a t a s u b t l e drug p r o t e i n i n t e r 
a c t i o n occurs when p o l a r s o l v e n t s are used to e x t r a c t 
h i g h l y l i p i d s o l u b l e drugs from plasma. These s o l 
vents are capable of d e l i p i d i z i n g l i p o p r o t e i n s . I t i s 
p o s s i b l e t h a t , when d e l i p i d i z a t i o n o c c u r s , the hydro
phobic r e g i o n of t h a t p r o t e i n i s exposed. The hydro
phobic r e g i o n could then bind A9-THC and the b i n d i n g 
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f o r c e s might be s u f f i c i e n t l y g r eat t h a t they i n t e r f e r e 
w i t h the e x t r a c t i o n i n t o o r g a n i c s o l v e n t . Since 
toluene i s not as e f f i c i e n t a s o l v e n t f o r l i p i d ex
t r a c t i o n , i t i s p o s s i b l e t h a t t h i s s o l v e n t does not 
d e l i p i d i z e the l i p o p r o t e i n s to the same extent as the 
more p o l a r s o l v e n t s . Consequently the e x t r a c t i o n 
e f f i c i e n c y w i t h toluene i s r e l a t i v e l y unchanged. We 
d i d not have s u f f i c i e n t r a d i o - l a b e l e d ll-hydroxy-Δ9-
THC t o c a r r y out as exhaustive a study w i t h t h a t com
pound. Worst case a n a l y s i s showed t h a t the e x t r a c t i o n 
e f f i c i e n c y of t h i s compound from human plasma was 
q u i t e h i g h . The phenomena t h e r e f o r e may be l i m i t e d 
to A9-THC and p o s s i b l y to other drugs w i t h r e l a t i v e l y 
high l i p i d s o l u b i l i t y . 

The d e l i p i d i z a t i o n hypothesis i s a t t r a c t i v e be
cause i t can a l s o e x p l a i n the d i f f e r e n c e between the 
e x t r a c t i o n e f f i c i e n c
A major d i f f e r e n c e betwee
t h a t the l a t t e r has l e s s and p o s s i b l y d i f f e r e n t l i p o 
p r o t e i n s . I f the hypothesis t h a t l i p o p r o t e i n s a f f e c t 
the e x t r a c t i o n e f f i c i e n c y f o r A9-THC i s c o r r e c t , t h i s 
c o u l d e x p l a i n the somewhat higher e x t r a c t i o n e f f i c i e n 
c i e s from plasma. These r e s u l t s support Mechoulam's 
argument t h a t , i n the a n a l y s i s of A9-THC i n plasma, 
i t may be necessary to c o n s i d e r the b i o l o g i c a l source 
of the plasma (3). 

These obse r v a t i o n s d e f i n e one of the problems i n 
e x t e r n a l c a l i b r a t i o n methods f o r the a n a l y s i s of Δ 9-
THC. However, when t h i s d i f f i c u l t y i s recognized and 
accounted f o r , e x t e r n a l c a l i b r a t i o n becomes a p l a u s i 
b l e technique. 

Having determined the most a p p r o p r i a t e e x t r a c t i o n 
from plasma we i n v e s t i g a t e d the simultaneous d e r i v a t i -
z a t i o n of A9-THC and 11-hydroxy-Δ9-THC. We have 
claimed t h a t e t h y l a t i o n of ll-hydroxy-A 9-THC proceeded 
by phase t r a n s f e r c a t a l y s i s (7). However, i t i s known 
t h a t quaternary ammonium hydroxides are capable of 
c a t a l y z i n g a l k y l a t i o n s w i t h a l k y l i o d i d e s i n a p r o p t i c 
s o l v e n t s ( 8 ) . Furthermore, we had not demonstrated 
t h a t Δ9-THC cou l d be d e r i v a t i z e d under the same c o n d i 
t i o n s as ll-hydroxy-A 9-THC. We found t h a t the minimum 
requirement f o r the r e a c t i o n to proceed i s the pre
sence of water, which probably i n c r e a s e s the degree 
of i o n i z a t i o n of the quaternary ammonium hydroxide. 
However, i n order f o r the r e a c t i o n to go to completion, 
a t l e a s t 0.1N NaOH i s necessary. This supports the 
c o n t e n t i o n t h a t t h i s d e r i v a t i z a t i o n i s , to some ex
t e n t , a phase t r a n s f e r c a t a l y z e d a l k y l a t i o n . 

E t h y l a t i o n of A9-THC proved to be f o r t u i t o u s . 
The base peak i n the mass spectrum of t h i s compound i s 
a l s o m/e = 327. This was important to us because we 
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had a dual i o n d e t e c t i o n instrument and i t was f o r t u 
nate t h a t both parent drug and m e t a b o l i t e , when d e r i -
v a t i z e d , generated the same peak. However, the f r a g 
mentation of l-O-ethyl-Δ9-THC was more ex t e n s i v e than 
t h a t of the m e t a b o l i t e s . Consequently, the s e n s i t i v i 
t y to A9-THC determination on our instrument was de
creased. 

At t h i s stage we a l s o i n v e s t i g a t e d the formation 
of d e r i v a t i v e s t h a t would permit a n a l y s i s by gas 
chromatographic techniques other than gas chromatogra-
phy/mass spectrometry. We f i r s t i n v e s t i g a t e d the reac
t i o n w i t h p e n t a f l u o r o b e n z y l bromide (PFBB). We found 
th a t PFBB i s as r e a c t i v e as the simple a l k y l i o d i d e s 
( F i g . 5) consequently the p e n t a f l u o r o b e n z y l d e r i v a t i v e s 
of THC are r e a d i l y prepared. 

1 
NORMALITY NaOH 

0.01 
0.1 
1 
5 

10 

Figure 5. Conditions for the alkyhtion of A9-THC with pentafluorobenzyl bro
mide 

We chose t h i s d e r i v a t i v e because we wanted to ap
p l y i t to e l e c t r o n capture determination and p o s s i b l y 
high pressure l i q u i d chromatography determinations 
(HPLC). A review of the l i t e r a t u r e suggested t h a t , 
w h i l e PFB d e r i v a t i v e s are d e t e c t a b l e a t the picogram 
l e v e l by EC d e t e c t i o n , PFBB i s d i f f i c u l t to remove and 
can cause i n t e r f e r e n c e s w i t h the determinations. We 
th e r e f o r e a l s o i n v e s t i g a t e d d e r i v a t i z a t i o n w i t h t r i -
f l u o r o e t h y l i o d i d e a reagent w i t h a low b o i l i n g p o i n t 
(5 8°C). This reagent was l e s s r e a c t i v e than the a l k y l 
or b e n z y l h a l i d e s as seen i n ( F i g . 6 ) . T h i s i s prob
ably due t o the e l e c t r o n withdrawing p r o p e r t i e s of the 
three f l o u r i n e atoms, r e s u l t i n g i n a stronger carbon 
i o d i n e bond. Nev e r t h e l e s s , under proper c o n d i t i o n s , 
i t i s p o s s i b l e t o o b t a i n a high degree of d e r i v a t i z a 
t i o n . I t appears, t h e r e f o r e , t h a t the phase t r a n s f e r 
c a t a l y z e d a l k y l a t i o n can be a p p l i c a b l e t o the develop
ment of EC and p o s s i b l y HPLC as w e l l as mass s p e c t r o -
m e t r i c methods. For the present, however, we l i m i t e d 
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our s t u d i e s to the GC/MS technique. 
We had shown t h a t i t was p o s s i b l e to e x t r a c t both 

Δ 9-THC and ll-hydroxy-A9-THC from plasma w i t h t o l u e n e . 
The next q u e s t i o n was the problem of l i p o p h i l e s . Aqain 
we found t h a t i n order to remove i n t e r f e r e n c e s to Δ 9-
THC determinations i t was necessary to f r a c t i o n a t e the 
toluene e x t r a c t w i t h C l a i s e n ' s a l k a l i i n order to ob
t a i n the phenol f r a c t i o n of plasma. We found t h a t the 
e x t r a c t i o n s of Δ 9-ΤΗ0 from toluene w i t h C l a i s e n ' s a l k a 
l i i s not q u a n t i t a t i v e , but i t i s r e p r o d u c i b l e . The 
l o s s of Δ 9-ΤΗ0 i n t h i s r e a c t i o n however, i s compensated 
f o r by removal of i n t e r f e r e n c e s which were the l i m i t 
i n g f a c t o r s i n the s i n g l e e x t r a c t i o n s t e p . 

1 2 

NORMALITY NaOH RATIO 2/1 

0 . 0 1 0 . 0 6 
0.1 0 . 6 5 
1 N 2 . 9 
5 N 1 0 

1 0 N 1 8 

Figure 6. Conditions for the derivatization of A9-THC with trifluoroethijl iodide 

The f i n a l a n a l y t i c a l method f o r the simultaneous 
d e t e r m i n a t i o n of Δ 9-ΤΗ0 and i t s m e t a b o l i t e s c o n s i s t s 
of the f o l l o w i n g sequence: the cannabinoids are ex
t r a c t e d from plasma w i t h t o l u e n e ; they are then back 
e x t r a c t e d from toluene i n t o C l a i s e n ' s a l k a l i ; the 
C l a i s e n ' s a l k a l i i s d i l u t e d w i t h water, t e t r a h e x y l 
ammonium hydroxide i s added and the a l k a l i n e s o l u t i o n 
i s e x t r a c t e d w i t h methylene c h l o r i d e c o n t a i n i n g e t h y l 
i o d i d e . The o v e r a l l r e c o v e r i e s were 45% f o r A9-THC 
and 8 3% f o r ll-hydroxy-A 9-THC. E x t e r n a l standards 
(l-0-ethyl-A 9-THC and l - 0 - e t h y l - l l - h y d r o x y - A 9 - T H C ) 
were added to the methylene c h l o r i d e phase f o l l o w e d by 
a s m a l l amount of F l o r o s i l , which absorbed the t e t r a -
hexylammonium hydroxide and tetrahexylammonium i o d i d e . 
The methylene c h l o r i d e was decanted and evaporated. 
The r e s i d u e was taken up i n a mixture of Ν,Ο-bis-(tri-
m e t h y l s i l y l ) - a c e t a m i d e and t r i m e t h y l c h l o r o s i l a n e (9/1). 
The f i n a l s o l u t i o n was used f o r GC/MS a n a l y s i s . 

This technique was used to i n v e s t i g a t e the appear
ance of ll-hydroxy-A 9-THC i n the plasma of r a b b i t s t h a t 
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had been dosed w i t h Δ -THC. The r a b b i t s r e c e i v e d 
100 yg/kg, which was s l i g h t l y higher than t h a t used i n 
the human study. ll-hydroxy-Δ9-THC was present i n the 
c i r c u l a t i o n w i t h i n 5 minutes a t a c o n c e n t r a t i o n o f 10 
ng/ml and r a p i d l y d e c l i n e d so t h a t a t 45 minutes there 
were no d e t e c t a b l e c o n c e n t r a t i o n s . These data do not 
deny or con f i r m the hypothesis t h a t ll-hydroxy-Δ -THC 
i s an a c t i v e m e t a b o l i t e . They do, however suggest a 
type of experiment t h a t i s p o s s i b l e when methods o f 
deter m i n a t i o n are a v a i l a b l e . I f we take the argument 
t h a t we administered a ph a r m a c o l o g i c a l l y a c t i v e dose to 
the r a b b i t then i t i s c l e a r t h a t i f ll-hydroxy-Δ9-THC 
i s t o be considered an a c t i v e m e t a b o l i t e i t must be 
shown t o be a c t i v e a t co n c e n t r a t i o n s l e s s than 10 ng/ml. 
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Quantitation of Δ9-Tetrahydrocannabinol and Its 

Metabolites in Human Urine by Probability Based 

Matching GC/MS 

D O N A L D E. G R E E N , F U - C H U A N C H A O , K A Y O. L O E F F L E R , 
and S A U L L . K A N T E R 

Veterans Administration Hospital, Palo Alto, CA 94304 

Two independent research groups at our h o s p i t a l 
have pursued the development of analytical methodology 
for THC and its metabolites i n ur ine . One group, under 
L . E . Hollister, has d i rec ted its ef for ts p r imar i l y 
toward f rac t ioning the i n v ivo THC metabolites by sol
vent partitioning and by TLC. The other group, under 
I. S. Forres t and D. E . Green, has been concerned with 
the development of an automated GC/MS quant i ta t ive pro
cedure. 

Five years ago both groups began using a mult is tep 
procedure for f rac t iona t ing urinary THC metabolites 
according to t h e i r polarities and acidities utilizing 
manipulations of solvents and/or pH as seen i n Figure 
1 (1). This scheme can quan t i t a t ive ly extract all of 
the r a d i o a c t i v i t y from 1 4C-THC-dosed Rhesus monkey 
ur ine , e i the r hydrolyzed or unhydrolyzed. I t separates 
the metabolic products derived from enzyme hydrolyzed 
specimens in to one major f rac t ion -- containing about 
h a l f of the total quanti ty of metabolic mater ia l -- and 
four smal l , approximately equal, f r ac t ions . The f rac
t ions and the nature of the metabolites contained i n 
each are: hexane extractable "non-polar neutrals" 
(designated as Η); ether (pH 12) extractable "weakly 
polar neutrals" (designated as E-I); ether (pH 2.5) ex
t rac table "weakly polar acids" (designated as E - I I and 
E-III); and e thy l acetate (pH 2.5) extractable "modera-

0-8412-0488-8/79/47-098-093$05.25/0 
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HYDROLYZED URINE (pH 8.0) 

I 
Extract with hexane 

Adjust to pH 12 
Extract with ether 

Hexane soluble 
(H) 

Adjust to pH 2.5 
Extract with ether 

Ether soluble 
(E-I) 

Ether insoluble 
Extract with ethyl acetate 

ι . 
Aqueous 
(discard) 

Ethyl acetate 
soluble 

(EA) 

Ether soluble 
Wash with 2% NaHCO-

I 
Adjust t H 2.5 NaHCO  insoluble 

Aqueous 
(discard) 

Ether soluble 
(E-III) 

Figure 1. Extraction scheme used for β-glucuronidase/aryl sulfatase-hydrolyzed 
A9-THC urines indicating derivation of the H, E-I, and E-II fractions 

t e l y p o l a r a c i d s " (designated as EA) (2) . The remain
i n g " h i g h l y p o l a r " a c i d i c m e t a b o l i t e s can be e x t r a c t e d 
w i t h t e t r a h y d r o f u r a n a t pH 2.5. Fi g u r e 2 shows the 
r e l a t i o n s h i p between the s i z e s of these f r a c t i o n s i n 
hydrolyzed, as w e l l as unhydrolyzed, u r i n e s . Subse
qu e n t l y , t h i s procedure was improved by r e s o l v i n g the 
weakly p o l a r a c i d s , the l a r g e s t s i n g l e f r a c t i o n , i n t o 
weak and st r o n g a c i d s (E-II and E - I I I , r e s p e c t i v e l y — 
i n approximately a 1:5 r a t i o ) a c c o r d i n g to t h e i r s o l u 
b i l i t y i n 2% NaHCC>3 s o l u t i o n . 

Most of our work has been concentrated on the 
three l e a s t p o l a r f r a c t i o n s , Η, E- I , and E - I I , which 
c o n t a i n the parent cannabinoids and the n e u t r a l mono-
and di-hydroxys, as w e l l as the "11-oic" a c i d s . We have 
a p p l i e d t h i s f r a c t i o n a t i o n scheme very e x t e n s i v e l y to 
uri n e s obtained from human vol u n t e e r s f o l l o w i n g o r a l 
a d m i n i s t r a t i o n of pure c o n s t i t u e n t s of cannabis — 
namely, A9-THC, CBN, CBD and ll-HO-A 9-THC ( s i n g l y and 
i n combinations). These s t u d i e s have re v e a l e d many 
i n t e r e s t i n g phenomena which can be summarized b r i e f l y 
as f o l l o w s : 1) the formation of a mult i t u d e of meta
b o l i t e s from each parent drug; 2) very few of these 
metabolites give TLC matches w i t h a v a i l a b l e reference 
compounds; 3) the extreme p e r s i s t e n c e (at l e a s t 10 
days) of p o l a r a c i d i c m e t a b o l i t e s f o l l o w i n g a s i n g l e 
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U n h y d r o l y z e d H y d r o l y z e d 

Figure 2. Distribution according to polarity (extractability of A9-THC) of in vivo 
metabolites in hydrolyzed and unhydrolyzed Rhesus urine: nonpolar neutrals = 
extractable with hexane at natural pH; weakly polar neutrals = extractable with 
ether at pH 12; weakly polar acids = extractable with ether at pH 2; moderately 
polar acids = extractable with ethyl acetate at pH 2; highly polar acids = extract-

able with THF at pH 2. 

a d m i n i s t r a t i o n of drug; and 4) the i d e n t i f i c a t i o n of 
A 9 - T H C - l l - o i c a c i d as a major a c i d i c m e t a b o l i t e of Δ 9-
THC. We have a l s o e s t a b l i s h e d t h a t s e m i q u a n t i t a t i v e 
comparisons of ur i n e samples can be made i f volumes con
t a i n i n g equal q u a n t i t i e s of c r e a t i n i n e are compared. 

Q u a n t i t a t i o n of i n d i v i d u a l m e t a b o l i t e s was ob
ta i n e d by a no v e l v a r i a t i o n of GC/MS/COM data a c q u i s i 
t i o n and p r o c e s s i n g (3) which uses an a l g o r i t h m t h a t 
was developed a t C o r n e l l U n i v e r s i t y by P r o f e s s o r 
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F. E. M c L a f f e r t y . This a l g o r i t h m , c a l l e d P r o b a b i l i t y 
Based Matching or PBM, employs a large number of f r a g 
ment ions i n a reverse search mode (4) t o provide r e 
l i a b l e i d e n t i f i c a t i o n and q u a n t i t a t i o n of an i n d i v i d u a l , 
s p e c i f i c compound even though the mass s p e c t r a l mea
surements are d e r i v e d from a mixture of two or more 
compounds (5). 

The degree of s p e c i f i c i t y of a reverse search i d e n 
t i f i c a t i o n i s "tunable" and can be o p t i m i z e d by s e l e c 
t i o n of unique ions from the spectrum of the t a r g e t com
pound and by avoidance of i o n s t h a t are c h a r a c t e r i s t i c 
of a n t i c i p a t e d contaminants t h a t e l u t e from the GC c o l 
umn a t n e a r l y the same r e t e n t i o n time as the t a r g e t 
compound. Large sets of s p e c i f i c masses ( t y p i c a l l y 10 
to 15 c a r e f u l l y s e l e c t e d ions i n the format o f a "con
t r a c t e d " spectrum) ar d t  c h a r a c t e r i z h
pound, r a t h e r than r e l y i n
ions as i s u s u a l l y  f r a g
mentography or s e l e c t e d i o n monitoring (SIM). A s t a 
t i s t i c a l measure of the q u a l i t y of match between the 
experimental sample's c o n t r a c t e d spectrum and the r e 
ference c o n t r a c t e d spectrum i s c a l c u l a t e d by u s i n g a 
unique wei g h t i n g of the i d e n t i t y of the s e l e c t e d ions 
and of t h e i r r e l a t i v e abundances (6). This matching 
f a c t o r i n the PBM a l g o r i t h m i s c a l l e d a Confidence I n 
dex, o r K-score, and i s a b i n a r y l o g a r i t h m i c estimate 
of the p r o b a b i l i t y of an a c c i d e n t a l match between an 
unknown spectrum and a reference spectrum. A rough 
approximation of the s i g n i f i c a n c e of K-scores i s t h a t 
the s p e c t r a of 2^th compounds, chosen a t random, would 
have t o be compared w i t h the l i b r a r y spectrum i n order 
to f i n d another s e t of data t h a t match to the same de
gree as does the experimental spectrum. Thus a Κ of 
10 ( i . e . 2 1 0 ) means t h a t approximately 1,000 randomly 
s e l e c t e d s p e c t r a would have t o be examined i n order to 
f i n d another e q u a l l y good f i t . Obviously, the s i g n i f i 
cance of t h i s measurement i n c r e a s e s very r a p i d l y as Κ 
gets l a r g e r — e.g. f o r Κ = 20 there appears to be only 
a "one i n a m i l l i o n " chance t h a t the e x p e r i m e n t a l l y de
r i v e d c o n t r a c t e d spectrum a r i s e s from a molecule un
r e l a t e d t o the t a r g e t compound. As can be e a s i l y seen 
i n F i g u r e 3, d i f f e r e n t i a l K-scores are of qreat q u a l i 
t a t i v e u s e f u l n e s s ; v i z . one microgram of Δ^-THC (when 
used t o c h a l l e n g e the s e t of i o n s chosen f o r the A9-THC 
assay program) gives a K-score of 14, more than 50 
p o i n t s lower than t h a t produced by only 50 nanograms of 
A 9-THC (the t a r g e t compound) (7). Another way of des
c r i b i n g t h i s degree of s p e c i f i c i t y i s t h a t the " c r o s s -
r e a c t i v i t y " between A 8-THC and the A 9-THC program, at 
the yg l e v e l , i s l e s s than 1 p a r t i n 2 1 0 2 d o 3 0 ) . 
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Figure 3. Effect produced on PBM Confidence Index by varying the quantity of 
pure A9-THC injected (response to A8-THC as a challenge) 

The a b i l i t y of our SIM assay programs t o d i s t i n 
g u i s h between c l o s e l y r e l a t e d compounds can be seen i n 
the m a t r i x shown i n Figu r e 4 (7). The Confidence I n 
dex (the upper number i n each box) f o r each t a r g e t com
pound i s compared w i t h t h a t of the THC meta b o l i t e s 
e l u t i n g from the column, immediately before i t and a f t e r 
i t (and t h e r e f o r e t o most l i k e l y i n t e r f e r e w i t h i t s 
a s s a y ) . The lower number i n each box i s the r e t e n t i o n 
time i n seconds. In a l l cases, the d i f f e r e n c e i n K-
scores between the c o r r e c t compound and i t s nearest 
neighbor i s g r e a t e r than 8 7 -- corresponding t o a d i s 
c r i m i n a t i o n f a c t o r g r e a t e r than 1 0 2 7 ( 2 8 7 ) . 

The most unique and v a l u a b l e f e a t u r e of P r o b a b i l i 
ty Based Matching, when a p p l i e d to b i o l o g i c a l e x t r a c t s , 
i s i t s a b i l i t y t o a u t o m a t i c a l l y detect the e x i s t e n c e 
of contaminations i n a GC peak and to e l i m i n a t e t h e i r 
i n t e r f e r e n c e s . This unusual f e a t can be accomplished 
because PBM i s a " s e l f - a d a p t i n g " SIM technique; i . e . 
the computer decides which ions i n the c o n t r a c t e d spec
trum c o n t a i n v a l i d data and c o n c u r r e n t l y r e j e c t s ions 
t h a t are contaminated due t o the presence of i m p u r i t i e s . 
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Figure 4. Confidence Indices (upper number) and retention times in sec (lower 
number) for 9 cannabinoids. Reported as Κ for 1 pg samples. (Column = 180 cm 
X 0.2 cm ID borosilicate ghss packed with 1.5% OV-17 on 100/120 mesh HP 
Chromosorb G; column temperature = 275°C; nitrogen carrier flow rate = 30 

mL/min) 

Because of i t s c e n t r a l r o l e i n the performance of 
t h i s instrument system, some of the unique aspects of 
PBM w i l l be des c r i b e d i n enough d e t a i l t o permit an 
understanding of the o p e r a t i o n of the a l g o r i t h m . The 
mechanism by which s e l f - a d a p t i n g SIM i s accomplished i s 
as f o l l o w s : f i r s t , the c o r r e c t i n t e n s i t y r a t i o s f o r 
the s e l e c t e d ions i n the pure m a t e r i a l are e s t a b l i s h e d 
by a n a l y z i n g a reference standard; next the i n t e n s i t i e s 
of the s e l e c t e d ions i n the unknown are measured, c o r 
r e c t e d f o r background, and compared with the reference 
values f o r the pure compound — any ions t h a t r e s u l t 
from mixtures of the t a r g e t compound and an i m p u r i t y 
w i l l be enhanced i n magnitude and w i l l cause uncontami-
nated ions t o appear to be too weak i n comparison; then, 
the absolute i n t e n s i t y of the p a t t e r n (that which r e 
presents the proper r e l a t i v e i n t e n s i t i e s of a l l of the 
s e l e c t e d ions) i s allowed to decrease u n t i l i t c o i n -
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c i d e s w i t h the s i n g l e i o n t h a t represents the upper 
l i m i t of the amount of the t a r g e t compound. A t o l e r 
ance i s added to a l l o w f o r v a r i a t i o n s i n the experimen
t a l r e p r o d u c i b i l i t y of measurement of i n d i v i d u a l i o n s — 
due t o the f a c t t h a t the ions are measured under dynamic 
c o n d i t i o n s (e.g. a sharp GC peak) or to a l l o w f o r i n 
strumental i n s t a b i l i t i e s — and any ions t h a t exceed 
the designated t o l e r a n c e "window" are judged by the com
puter to be d e r i v e d from mixtures of compounds and hence 
to not uniquely represent the t a r g e t compound. These 
"contaminated" ions are ignored i n the c a l c u l a t i o n of 
K-scores and i n q u a n t i t a t i o n . 

100 r 

Ό C 3 
< 50 

UNKNOWN M I X T U R E 

31 32 43 44 45 46 

m/e 

Figure 5. Six-ion contracted spectrum of pure ethanol 
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Figure 6. Same six-ion contracted spectrum as Figure 5 for unknown mixture 
(solid lines) superimposed on ethanol spectrum (bars) 

PBM a n a l y s i s may be c l a r i f i e d by a simple example. 
Figure 5 shows the values of m/e_ and the r e l a t i v e 
abundances found when a 6-ion c o n t r a c t e d spectrum of 
pure e t h a n o l i s scanned. In F i g u r e 6, the same con
t r a c t e d spectrum of an unknown mixture ( s o l i d v e r t i c a l 
l i n e s ) has been measured, and i s compared w i t h the 
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e t h a n o l r e f e r e n c e s p e c t r u m . I f the r e l a t i v e abundances 
o f t h e m/e 31 i o n s i n t h e two s p e c t r a a r e made e q u a l as 
shown, the abundances o f none o f the o t h e r i o n s a g r e e . 
Ions such as m/e 32 and 4 4, which a r e too h i g h i n the 
unknown spectrum, must be due t o components o t h e r than 
e t h a n o l ; t he low abundances of the unknown a t m/e 43, 
45, and 46 shows t h a t e t h a n o l , i f p r e s e n t , must e x i s t 
a t a lower c o n c e n t r a t i o n than c a l l e d f o r by the i n t e n 
s i t y o f the i o n a t m/e 31. 

MIXTURE VS. REFERENCE SPECTRUM 
WITH LOWERED ABSOLUTE ABUNDANCES 

m/e 

Figure 7. Absolute abundances of ethanol contracted spectrum reduced so that 
no ions are greater than the lowest retotive abundance ion in contracted spectrum 
of mixture. Contaminated ions are identified as those ions of the mixture that 
exceed the revive intensities of the attenuated ethanol pattern (plus the pre

scribed window tolerance). 

I f the abundances o f the e n t i r e e t h a n o l c o n t r a c t e d 
s p e c t r u m a r e l o w e r e d — k e e p i n g t h e i r r e l a t i v e h e i g h t s 
the same as i n the r e f e r e n c e spectrum — a p o i n t i s 
re a c h e d where none o f the unknown i o n s i s o f lower 
abundance than t he c o r r e s p o n d i n g e t h a n o l p e a k s . I n t h e 
example shown i n F i g u r e 7, t h i s o c c u r s when the mass 46 
i o n s become t h e same h e i g h t . I f a measurement r e p r o 
d u c i b i l i t y o f ±20% i s assumed, two o t h e r i o n s (m/e 43 
and 45) a r e fou n d t o agree w i t h t he abundances r e q u i r e d 
by the e t h a n o l r e f e r e n c e s p e c t r u m because t h e y f a l l 
w i t h i n the p r e s c r i b e d t o l e r a n c e window. In t h i s exam
p l e , t h e m i x t u r e was about 50% e t h a n o l ; t he e x c e s s i n 
t e n s i t i e s a t m/e 31 and 32 were due t o methanol and 
the e x c e s s i n t e n s i t y a t m/e_ 44 was due t o t h e a d d i t i o n a l 
p r e s e n c e o f CO2. 

Thus, i n t h e above example, t h e r e a r e t h r e e c o n 
t a m i n a t e d i o n s and t h r e e u n c o n t a m i n a t e d i o n s . Based 
s o l e l y upon s u c h u n c o n t a m i n a t e d i o n s i n t h e c o n t r a c t e d 
s p e c t r u m o f an e x p e r i m e n t a l sample, PBM C o n f i d e n c e I n -
I n d i c e s and q u a n t i t a t i o n s a r e computed. The magnitude 
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of the K-score depends p r i m a r i l y upon the i d e n t i t i e s 
of, and the absolute number of, the p a r t i c u l a r ions 
which are judged to be uncontaminated. A f t e r three 
years of experience w i t h t h i s technique, we can say 
that a K-score g r e a t e r than about 60 i s v i r t u a l c e r 
t a i n t y of proper i d e n t i f i c a t i o n ( e s p e c i a l l y when taken 
i n c o n j u n c t i o n w i t h a c o r r e c t GC r e t e n t i o n t i m e ) . 

As one gains experience w i t h these Confidence I n 
d i c e s , the p r a c t i c a l s i g n i f i c a n c e of t h i s s t a t i s t i c a l 
parameter becomes c l e a r l y manifest; f o r each and every 
de t e r m i n a t i o n , the l i k e l i h o o d t h a t the data are v a l i d 
i s immediately apparent by i n s p e c t i o n . 

Quantity Injected (ug) 

Figure 8. Quantitation reported by MS (PBM algorithm) as a function of the 
quantity of A9-THC actually injected into the GC 

In PBM, Confidence I n d i c e s are a u t o m a t i c a l l y com
puted each time the s e t of s e l e c t e d ions i s scanned — 
which i s s e v e r a l times each second — and the s i n g l e 
best f i t , among a l l the scans of the experimental sam
p l e , i s r e t a i n e d i n the computer memory. Simultaneously 
the absolute i n t e n s i t y of each uncontaminated i o n i s 
compared w i t h the absolute i n t e n s i t y of the correspond
i n g i o n (that was generated by a known q u a n t i t y of the 
reference compound during the c a l i b r a t i o n procedure) t o 
produce an independent "mass fragmentographic-type" 
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(SIM) q u a n t i t a t i o n f o r each uncontaminated i o n . A l l of 
these s i n g l e i o n q u a n t i t a t i o n s are then averaged to pro
vide a r e l i a b l e estimate of the q u a n t i t y of substance 
present during each scan of the c o n t r a c t e d spectrum. 
The maximum q u a n t i t y t h a t i s found i s r e t a i n e d i n mem
ory and repo r t e d , along w i t h the K-score and r e t e n t i o n 
time, a t the end of the experiment. The q u a n t i t a t i v e 
response of the PBM a l g o r i t h m i s l i n e a r f o r w e l l over 
two orders of magnitude (Figure 8). 

The major e f f o r t s of both of our groups have been 
c o n f i n e d , t o a lar g e degree, t o stu d y i n g the time course 
of i n d i v i d u a l THC meta b o l i t e s i n u r i n e f o l l o w i n g o r a l 
a d m i n i s t r a t i o n of pure THC. Our usu a l procedure has 
been to hydrolyze an a l i q u o t corresponding t o a s p e c i 
f i e d q u a n t i t y of c r e a t i n i n e , u s i n g β-glucuronidase/aryl 
s u l f a t a s e , and to s u b j e c t th  specime  t  th  m u l t i s t e
e x t r a c t i o n scheme al r e a d
The i n d i v i d u a l f r a c t i o n s were then analyzed by TLC, GC/ 
MS, or HPLC. TLC procedures i n v o l v i n g e l u t i o n of the 
regi o n near the o r i g i n , r e s p o t t i n g , and rerunning i n 
more p o l a r (and d i f f e r e n t pH) s o l v e n t systems have per
m i t t e d us t o f o l l o w a lar g e number o f d i f f e r e n t meta
b o l i t e s (8-10). However, t h a t TLC work i s beyond the 
scope of t h i s p r e s e n t a t i o n . 

EXPERIMENTAL 
Instrumentation 

The assay r e p o r t s were obtained u s i n g an O l f a x I I 
GC/MS/COM system (3) which i s the only commercially 
a v a i l a b l e instrument t h a t has P r o b a b i l i t y Based Match
ing software. The instrument c o n s i s t s of a conven
t i o n a l gas chromatograph (a Perkin-Elmer Model 3920 
tha t i s m o d i f i e d to a l l o w computer c o n t r o l ) i n which 
approximately 10% of the n i t r o g e n c a r r i e r gas i s l e d to 
an FID and the remaining 90% i s conducted v i a a heated, 
g l a s s l i n e d , t r a n s f e r l i n e to a 2-stage s i l i c o n e mem
brane separator that admits approximately h a l f of the 
sample, but only about 1 ppm of the c a r r i e r , i n t o an 
ion-pumped quadrupole mass spectrometer (UTI Model 
100C) (11). A dedicated microcomputer c o n t r o l s or 
monitors a v a r i e t y of mass spectrometer parameters as 
w e l l as completely c o n t r o l s an automatic mode of opera
t i o n -- i n c l u d i n g GC column temperature programming, 
MS data a c q u i s i t i o n which employs automatic adjustment 

^Manufactured by Vitek Systems, Inc., a d i v i s i o n of the 
McDonnell Douglas Corporation, 430 N. Halstead Street, 
Pasadena, CA 91107. 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



7. GREEN E T A L . Probability Based Matching GC/MS 103 

o f e l e c t r o m e t e r g a i n as a f u n c t i o n o f s i g n a l s t r e n g t h , 
MS d a t a a n a l y s i s , and p r i n t o u t o f a n a l y t i c a l r e s u l t s . 
I t can a u t o m a t i c a l l y q u a n t i t a t e up t o 16 d i f f e r e n t 
compounds i n complex m i x t u r e s . 

In t h i s i n s t r u m e n t , the a s s a y programs a r e " c a l i 
b r a t e d " by i n j e c t i o n o f pure r e f e r e n c e s t a n d a r d s . The 
r e l a t i v e i n t e n s i t i e s o f the mass l i n e s s e l e c t e d f o r 
s p e c i f i c i d e n t i f i c a t i o n o f each i n d i v i d u a l c a n n a b i n o i d 
( 7 ) , as w e l l as the q u a n t i t y s c a l e f a c t o r and n o m i n a l 
r e t e n t i o n time f o r each compound, a r e t h e r e b y e n t e r e d 
i n t o t h e computer memory. In a u t o m a t i c o p e r a t i o n , t h e 
computer i n s t r u c t s t h e s p e c t r o m e t e r t o s e a r c h f o r the 
c h a r a c t e r i s t i c fragment i o n s o n l y d u r i n g a time window 
n e a r the n o m i n a l GC r e t e n t i o n time f o r the compound. 

S t a n d a r d s 

R e f e r e n c e s t a n d a r d
m e d i c a l R e s e a r c h B r a n c h , NIDA. In t h o s e cases i n which 
the s t a n d a r d s were p r o v i d e d as e t h a n o l i c s o l u t i o n s , the 
s o l v e n t was removed and th e r e s i d u e was r e d i s s o l v e d i n 
d i m e t h y l f o r m a m i d e . 

B i o l o g i c a l M a t e r i a l 

U r i n e specimens were o b t a i n e d a t v a r i o u s time i n 
t e r v a l s a f t e r o r a l a d m i n i s t r a t i o n o f 30 mg doses o f 
A 9-THC t o p a i d human v o l u n t e e r s who were e x p e r i e n c e d 
m a r i j u a n a u s e r s , b u t who p r o f e s s e d t o have a b s t a i n e d 
f o r a minimum o f one week p r i o r t o the e x p e r i m e n t . 
U r i n e specimens were a l s o o b t a i n e d from a s t u d y c o n 
d u c t e d by P r o f e s s o r Reese Jones a t the L a n g l e y P o r t e r 
C l i n i c , U n i v e r s i t y o f C a l i f o r n i a M e d i c a l C e n t e r i n San 
F r a n c i s c o , i n which 30 mg doses were a d m i n i s t e r e d o r a l 
l y e v e r y f o u r h ours (210 mg/day) f o r s e v e r a l days (1 2 ) . 

P r o c e d u r e 

D r i e d r e s i d u e s o f e x t r a c t s , p r o c e s s e d from volumes 
o f u r i n e c o n t a i n i n g 25 mg o f c r e a t i n i n e , were d i s s o l v e d 
i n 50 y l o f BSTFA ( c o n t a i n i n g 1% TMCS) i n d i m e t h y l f o r -
mamide (1:1) and h e a t e d a t 70°C f o r 5 m i n u t e s . F i v e 
m i c r o l i t e r a l i q u o t s were i n j e c t e d i n t o a 180 cm χ 0.2 
cm ID p y r e x column p a c k e d w i t h 1.5% OV-17 on 100/120 
mesh HP Chromosorb G h e l d i s o t h e r m a l l y a t 2 75°C w i t h 
n i t r o g e n c a r r i e r gas flow o f 30 ml/minute. Each sample 
was a u t o m a t i c a l l y s c r e e n e d by PBM f o r Δ 9-THC and seven 
o f i t s m e t a b o l i t e s ( c f . F i g u r e 9) u s i n g a s s a y programs 
c o n s i s t i n g o f 10 c a r e f u l l y s e l e c t e d c h a r a c t e r i s t i c i o n s 
f o r each compound (7) . 
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OLFAX/GC ANALYSIS 

TS=207 TI=295 
> ETHER EXTRACT (PH 2.5) OF URINE H - l 3 : P'RACTION Σ-ΙΙ FROM 5 ML URINE. 

DELTA-9-TKC +P0S QTY 5.84E- 2 CON F 24 RT S6 
CANMABIMOL MEG QTY 1.97E- 3 CON F 9 RT 105 
8B-H0-D9-THC NEG QTY 6.32E- 3 CONF 9 RT 1 17 
11-KO-D9-THC NEG QTY 6.84E- 3 CONF 1 1 RT 146 
8A,11-DI-H0 NEG QTY 1.14E- 1 CONF 17 RT 144 
8B,11-DI-HO NEG QTY 1.73E- 2 CONF 9 RT 173 
9-TKC - 1 1-0IC +P0S QTY 1·13E+ 0 CONF 94 RT 225 
c B N - i i - o r c +P0S QTY 1 . U E + 0 CONF 37 RT 275 

Figure 9. Computer output for Auto-Assay of silylatea weakly polar weak acids 
(Ε-Π) fraction of enzyme-hydrolyzed human urine. ( Report is read as, e.g. Δ 9 -
THC, positively identified, at a level of 5.84 χ 10 2 pg, with a Confidence Index 
of 24 and a retention time of 86 sec. Chromatographic conditions same as Fig

ure 4. 
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OLFAX/GC ANALYSIS 

TS-207 TI-296 
>ETHER EXTRACT CPH 2> OF URINE #H-13: FRACTION Z-II FHOM 5 ML. 

9-THC-ll-OIC +POS QTY 1.39E+ 0 CONF 52 RT 227 

MASS INTENSIT

75 C 2.53E-
246 C 4.04E-
265 C 4.86E- 9 
289 c 4.44E- 9 
297 6.20E- 9 
299 c 4.12E- 9 
303 6.00E- 9 
305 c 4.20E- 9 
355 7.88E- 9 
371 2.40E- S 

PLOT Y OR N?Y 
#OF DECADES=2 

FS*2.53E- 7 

E-2 E-1 E3 

246C«->>>>>> 
2 6 5 C * > » » » > 
289C•>>>>>>> 

299C•>>>>>> 
333 •>>>>>>>>>>> 
305C*>>>>>> 

Figure 10. Confirmation-mode A9-THC-ll-oic acid/TMS analysis of Fraction 
E-II (same sample as Figure 9) showing 1.39 pg/5 mL of hydrolyzed urine with 
Κ = 52 at a retention time of 227 sec. All 10 lines were scanned, but 6 were 

contaminated. 
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2/ 6/76 OPIRATOH # 1 2 2/ 6/76 OPERATOR # 18 
PHOGÎUM THC-OI TYPE SCN2 PROORAM THC-OI TYFI SCM 
HUN # I T S - 1 9 7 T I - 2 9 8 RUN Φ I TS-197 Τ Ι - 0 · · 
>3.75 U6 D E L T A - 9 - T H C - 1 1 - O I C ACIO/THS » ETHER EXTRACT (PH 2) OF D t U I #l-|3l FRACTION E-II FWOM 5 M L . 

297 • t*T •> 
299 • 19
303 • 31
355 • 35
371 • 37

297 • 297 ••>> 
299 • 299 •> 
303 • 313 •>> 
3SS •> 355 •»> 
371 •> 371 •>>>>>>>>>> 

297 •>>>> 297 • » > » » » 
299 •> 299 •>> 
303 •>>> 3*3 • » » » 
355 •>•>> 355 • > » » > 
371 •>>>>>>>>>>>>>>>>>>> 371 + > > > > > > > » » » > 

297 •>>>>>>>>>> 297 • > > » » > » » » » 
299 •>>> 299 • > » > 
303 •>>>>>>>> 303 + » » » » 
355 •>>>>>>>>> 355 •»>»»>>>•> 
371 •>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>•»>>>>> 371 • » » > » » » » » » » » » » • » » • » » • • » » » » » • » • » • » » » » > 

297 •>>>>>>>>>>> 297 « · > > > > > » » > > 
299 •>>> 299 * » » > 
303 •>>>>>>>> 303 • > » » » » » » 
355 •>>>>>>>>>> 355 • • > » » > » » 
371 • > > > > > > > > > > > > > > > > > > > > > » > > » > > » > > > > » > » » > > > > » > » > 371 · > » » » » » » > » » » » » » » * > » · » * » » > » » » » » » > 

297 •>>>>>>>> 297 •>>>>>>>>> 
299 •>> 2 9 9 • » » 
303 •>>>>>> 313 • > > » > > > » 
355 •»>>»>>> 355 •>>>>>>>> 
371 •>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 371 + * > * > » » » > » » » > » » » » » » » » » + » » » » · » 

297 •>>>> 297 •»>>>>>> 
299 •> 299 •>> 
303 •>>> 303 •>>>>>> 
355 •>>>> 355 •>>>>>> 
371 •>>>>>>>>>>>>>>>>>> 371 •>>>>>>>>>>>>>»»»»»»>»»>»>>»>>>>» 

297 •>>> 297 •>>>>>> 
299 •> 299 •>> 
303 •>> 303 •>>>>> 
355 •>>> 355 •>>>>> 

Figure 11. (Right) SICP of A9-THC-ll-oic acid GC peak derived from Fraction 
E-Il (same sample as Figures 9 and 10). (Left) Same kind of SICP record for 
0.75 \x.g of authentic &9-THC-ll-oic acid (which gave exactly the same signal 

strengths). 
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RESULTS AND DISCUSSION 
In a u r i n e specimen obtained from Jones 1 study 

(12), the hexane f r a c t i o n (H) — a f t e r enzyme h y d r o l y 
s i s -- showed a l e v e l of 10 ng of unmetabolized A9-THC 
per ml of u r i n e (with a m a r g i n a l l y p o s i t i v e Confidence 
Index) and 12 ng/ml of cannabinol (CBN) w i t h a high 
Confidence Index and hence a c l e a r c u t i d e n t i f i c a t i o n . 
The weakly p o l a r n e u t r a l f r a c t i o n (E-I) showed a very 
marginal p o s i t i v e f o r CBN a t 0.8 ng/ml — which was 
probably due t o incomplete e x t r a c t i o n by the hexane i n 
the f i r s t step — and a weakly p o s i t i v e i d e n t i f i c a t i o n 
of 8a,ll-dihydroxy-A 9-THC a t 22 ng/ml. The s c r e e n i n g 
run f o r the weakly p o l a r , weak a c i d f r a c t i o n (E-II) i n 
d i c a t e d p o s i t i v e i d e n t i f i c a t i o n s f o r A9-THC (K=24), 
A 9 - T H C - l l - o i c a c i d
(Figure 9 ) . In th
which provides a more comprehensive examination of the 
data, only the THC-acid was found to be present — at 
1.39 yg/5 ml of u r i n e — but w i t h s i x out of the 10 
s e l e c t e d ions being contaminated (Figure 10). That the 
remaining (uncontaminated ion) i n t e n s i t y r a t i o s were, 
i n f a c t , d e r i v e d from a s i n g l e substance and that the 
r a t i o s do correspond t o those of a u t h e n t i c A 9-THC-11-
o i c a c i d can be c l e a r l y seen i n the s e l e c t e d ion c u r r e n t 
p r o f i l e s (SlCP) of Figure 11. 

When the same procedure was a p p l i e d to enzyme hy-
d r o l y z e d u r i n e s c o l l e c t e d during the i n t e r v a l from 12-
24 hours f o l l o w i n g a s i n g l e 30 mg o r a l dose of A9-THC, 
the hexane f r a c t i o n gave a s t r o n g l y p o s i t i v e Confidence 
Index (K=59^ f o r CBN at 10 ng/ml, but a negative i n d i 
c a t i o n f o r unchanged A9-THC. Very marginal i n d i c a t i o n s 
of 8a-hydroxy- and 8α,ll-dihydroxy-Δ9-THC were seen i n 
f r a c t i o n E - I . F r a c t i o n E - I I , the weak a c i d f r a c t i o n , 
gave an unequivocal i d e n t i f i c a t i o n of A 9-THC-oic a c i d 
(K=86) at 5.2 yg per 25 mg c r e a t i n i n e , but C B N - l l - o i c 
a c i d c o u l d not be demonstrated i n t h i s sample. 

The most s i g n i f i c a n t i n f o r m a t i o n i n the present 
study a r i s e s from a r a d i c a l l y d i f f e r e n t approach t o 
these metabolite i n v e s t i g a t i o n s . Four years ago, we 
reported t h a t an a p p r e c i a b l e p r o p o r t i o n of the t o t a l 
r a d i o a c t i v i t y i n Rhesus monkey u r i n e c o u l d be e x t r a c t e d 
w i t h e t h e r , even with o u t p r i o r h y d r o l y s i s (13). This 
e x c r e t i o n was h i g h l y pH-dependent — w i t h the curve's 
i n f l e c t i o n p o i n t being near pH 4 (Figure 12) — i n d i 
c a t i n g t h a t the m a t e r i a l s being e x t r a c t e d were probably 
c a r b o x y l i c a c i d s . 

Last year as one p a r t of our i n v e s t i g a t i o n of the 
u r i n e s obtained from the Langley P o r t e r C l i n i c Study, 
we e x t r a c t e d a specimen w i t h ether at pH 5.5 before 
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5 0 η 

' 1 1 1 1 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 

P H 

Figure 12. Effect of pH on ether extractability of A9-THC in vivo metabolites 
from unhydrolyzed Rhesus urine 

treatment w i t h enzyme (7). Although t h i s pH i s f a r 
from the optimum f o r recovery of Δ 9 - T H C - l l - o i c a c i d us
ing e t h e r , a h i g h l y s i g n i f i c a n t Confidence Index (K=62) 
f o r the unconjugated Δ 9 - T H C - l l - o i c a c i d a t a l e v e l of 
48 ng/ml was obtained (Figures 13 and 14). When the 
e x t r a c t i o n was made a t pH 2.5, n e a r l y double the quan
t i t y (90 ng/ml) was measured. Since about 280 ng/ml 
was e x t r a c t e d a t pH 2 a f t e r h y d r o l y s i s (Figure 10), 
t h i s l e v e l of 90 ng/ml suggests t h a t n e a r l y h a l f of the 
t o t a l A 9 - T H C - l l - o i c a c i d t h a t i s present i n ur i n e can 
be e x t r a c t e d d i r e c t l y — without h y d r o l y z i n g the s p e c i 
men ( c f . a l s o F i g u r e 2 ) . A c c o r d i n g l y a s e t of u r i n e s 
was processed, w i t h and without h y d r o l y s i s , u s i n g our 
r o u t i n e s o l v e n t f r a c t i o n a t i o n scheme. The E-II f r a c 
t i o n s from u r i n e s c o l l e c t e d f o r the 12 hours pre-drug 
and from 0-2, 2-6, 6-12, 12-24, 24-48 and 48-72 hours 
post-drug were assayed by PBM. 
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OLFAX/GC ANALYSIS 

LU CO Ζ 
ο 
ÛL CO LU CC 
ce LU Û CC 
Ο 
ο LU CC 

TS-209 TI«301 
>ETHER EXTRACT (PH 5.5) H.URINEl BEFORE ENZYME HYDROLYSIS; 

DELTA-9-THC NEG QTY 2.18E- 2 CONF 0 RT 88 
CANNABIMOL NEG QTY 1.04E- 5 CONF 0 RT 115 
8B-H0-D9-THC NEG QTY 3.74E- 3 CONF 8 RT 115 
11-H0-U9-THC NEG QTY 3.16E- 3 CONF 0 RT 148 
8A,il-Dl-HO NEG QTY 5.68L- 2 CONF 14 RT 148 
8B,11-D1-H0 NEG QTY 8.56E- 4 CONF 0 RT 184 
9-THC-11-0IC •POS QTY 2.40E- 1 CONF 62 RT 225 
CBN-ll-OIC NEG QTY 6.80E- 2 CONF 9 RT 273 

0 3 6 9 12 
MINUTES 

Figure IS. Chromatogram of silyhted ether extract (pH 5.5) of human urine 
prior to enzyme hydrolysis. (Chromatographic conditions same as Figure 4). 
Shaded area denotes retention time window during which the Olfax searched 
for the A9-THC-ll-oic acid/TMS contracted spectrum. Inset: Auto-Assay analysis' 
for THC panel of 8 compounds in which 240 ng (2.40 χ ΙΟ1 μ%) of ^-THC-ll-oic 

acid was found with a Confidence Index of 62. 
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CLFA:;/GC A N A L Y S I S 

T S = 2 3 3 T I = 2 9 5 
>ETHER EXTRACT CPK 5.5) H.URINE: B E F O R E ENZYME H Y D R O L Y S I S ; 

FROM 5 ML. 

9-TKC-11-0IC +POS QTY 1.74E- 1 CONF 44 

MASS INTENSITY 

246 C 5.06S-13 
265 C 5.24E-10 
289 C 7.32E-13 
297 8.40Σ-13 
299 C 4.73E-13 
303 8.20E-13 
305 C 4.26E-13 
355 7.76E-10 
371 3.3 6E- 9 

PLOT Y OR N?Y 
#Or DECADES=1 

FS=3.36E- 9 

75 + 
24 6C +>>>>>>>> 
265C+>>>>>>>> 
239C+>>>>>>>>>>> 
297 +>>>>>>>>>>>>> 
299C+>>>>>>> 
303 +>>>>>>>>>>>> 
305C+>>>>>> 
355 +>>>>>>>>>>>> 
3 7 1 +> >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

Figure 14. Confirmation-mode A9-THC-ll-oic acid/TMS analysis of same sam
ple as Figure 13 showing 174 ng/5 mL of unhydrolyzed urine with Κ = 44 at a 
retention time of 225 sec. Only 9 lines were scanned and 5 of these were contami

nated. 

I t was found t h a t the free (unconjugated) Δ 9-THC-
l l - o i c a c i d reached a sharp maximum value i n the u r i n e 
c o l l e c t e d during the i n t e r v a l between two and s i x hours 
(Figure 15); s i m u l t a n e o u s l y , the bound (conjugated) 
form of the drug i n c r e a s e d s l o w l y , reaching i t s maximum 
l e v e l i n the 6-12 hour c o l l e c t i o n and f a l l i n g s l o w l y 
t h e r e a f t e r . Again i t was found t h a t , from 12 hours on
ward, the free drug c o n s t i t u t e d somewhat l e s s than h a l f 
of the t o t a l Δ - T H C - l l - o i c a c i d . I t appears t h a t the 
time course of the unconjugated Δ 9-τΗ^11-οΐο a c i d 
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1+ 

2 6 12 24 48 72 
HOURS 

Figure 15. Concentration of A9-THC-ll-oic acid (rehtive to creatinine) in 
(Φ—·, Free), unhydrolyzed urine and (X X , Total), hydrolyzed urine. 
Note that the free acid reaches a sharp maximum in the urine collected over the 
interval from 2 to 6 hr after oral administration of pure A9-THC but that the total 

acid remains high for several days after dosing. 

p a r a l l e l s the blood l e v e l s of unmetabolized A 9-THC, as 
w e l l as et h e r e x t r a c t a b l e and t o t a l THC me t a b o l i t e s 
(14), which, i n t u r n , p a r a l l e l the time course of the 
p s y c h i c e f f e c t s of A 9-THC (15). A l l of these parameters 
peak three hours a f t e r o r a l i n g e s t i o n of THC. 

CONCLUSIONS 

Although A 9 - T H C - l l - o i c a c i d i s not the most abun
dant a c i d i c m e t a b o l i t e i n u r i n e , i t s peak l e v e l s (hun
dreds of nanograms per ml) make i t a much more accèssa
b l e form of the drug than free A 9-THC i n plasma. 

Since our group i s no longer engaged i n GC/MS 
st u d i e s on THC, only t h i s s i n g l e experiment has been 
conducted. Obviously i t i s r i s k y to e x t r a p o l a t e from 
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one s e t of data; however, from these p r e l i m i n a r y r e 
s u l t s , i t i s tempting t o p o s t u l a t e t h a t unconjugated 
A 9 - T H C - l l - o i c a c i d may be a p r a c t i c a l i n d i c a t o r of the 
degree of p h y s i c a l impairment caused by the smoking of 
marijuana! Thus, i f subsequent s t u d i e s c o n f i r m these 
f i n d i n g s , the c o n c e n t r a t i o n of f r e e Δ ^ - T H C - l l - o i c a c i d 
may prove t o bear the same r e l a t i o n s h i p t o time of i n 
g e s t i o n and extent of i n t o x i c a t i o n as does the u r i n e 
c o n c e n t r a t i o n of e t h a n o l . 

A p a r t i c u l a r l y s i g n i f i c a n t c o n t r i b u t i o n of PBM t o 
the s o l u t i o n of t h i s problem i s that i t e l i m i n a t e s the 
n e c e s s i t y of sample cleanup and allows the use of crude 
et h e r e x t r a c t s . Consequently, an Olfax I I GC assay f o r 
A 9 - T H C - l l - o i c a c i d can be completed i n l e s s than 30 
minutes from the time a uri n e specimen i s r e c e i v e d by 
the l a b o r a t o r y . 

These s t u d i e s were made p o s s i b l e by the generous 
loan of an O l f a x instrument system by the manufacturer, 
V i t e k Systems, Inc. 

S p e c i a l thanks are extended t o Dr. George L. Ellman 
of Dr. Reese T. Jones 1 research group who made a v a i l a b l e 
to us some ur i n e specimens from t h e i r study. 

This work was supported i n p a r t by USPHS Grants 
DA00424 and DA00748. 
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HPLC Analysis of Δ9-Tetrahydrocannabinol and 

Metabolites in Biological Fluids 
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High performance liquid chromatography (HPLC) can 
rapidly separate drugs and metabolites from endogenous 
compounds in biological fluids. Fractions are readily 
collected and thus HPLC has been used in cannabinoid 
work to purify biological fluid extracts prior to anal
ysis by techniques offering either more sensitive or 
specific detection than has been available for LC. 
HPLC cleanup of biological fluids has been reported 
prior to cannabinoid analysis by direct mass spectro
metry, (1) GC-mass spectrometry, (Wall, this vol., 
Clarks, this vol.), GC (2) and radioimmunoassay (Teale, 
this vol.). 

Classical LC detectors (refractive index, fixed 
wavelength UV absorbance at 254 or 280 nm) have lacked 
the sensitivity to allow direct analysis of cannabi-
noids in biological fluids. However, recent develop
ment of variable wavelength absorbance detectors ex
tending into the 195-220nm UV region and of fluores
cence detectors for HPLC led the authors to initiate 

0-8412-0488-8/79/47-098-115$05.50/0 
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a f e a s i b i l i t y study of d i r e c t HPLC a n a l y s i s of cannabi-
noids i n b i o l o g i c a l f l u i d s . The s e n s i t i v i t y o f c u r r e n t 
HPLC d e t e c t o r s towards cannabinoids i s given i n Table 1. 

This paper i s a progress r e p o r t on the use o f 
simultaneous d u a l wavelength (215nm, 280nm)absorbance 
d e t e c t i o n f o r HPLC a n a l y s i s o f cannabinoids i n b i o l o g i 
c a l f l u i d s . Work i n progress on f l u o r e s c e n c e d e t e c t i o n 
of cannabinoids w i l l be the s u b j e c t of a l a t e r r e p o r t . 

TABLE I 

HPLC Detection of Cannabinoids 

Detector 
S e n s i t i v i t y * i n 
abscenc f m a t r i
i n t e r f e r e n c

S e l e c t i v i t y 
vs.Endogenou

R e f r a c t i v e Index 
254,280 nm 

215 nm 

Fluorescence 
A. N a t i v e Fluorescence 
B. Dansyl 
d e r i v a t i v e s 

300 ng 
10 ng (THC type) 
1 ng (CBN type) 

0.5 ng 

1 ng p r e d i c t e d 

5 pg (3) 

None 
D i s c r i m i n a t e s 
a g a i n s t l i p i d s , 
which do not 
absorb a t 280 
nm 
^300-fold d i s 
c r i m i n a t i o n 
a g a i n s t l i p i d s 

E x c e l l e n t 

I n t e r f e r e n c e 
from b i o l o g i 
c a l phenols, 
ίο and 2° 
amines. Amines 
i n t e r f e r e n c e 
can be s e r i o u s 

* S e n s i t i v i t i e s based on 200yl peak volumes obtained 
u s i n g 25 cm χ 2.1 mm ID a n a l y t i c a l HPLC columns. 
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EXPERIMENTAL 

Recovery o f C a n n a b i n o i d s from Human U r i n e 

A volume o f u r i n e c o n t a i n i n g 25mg o f c r e a t i n i n e 
was h y d r o l y z e d w i t h b e t a - g l u c u r o n i d a s e / a r y l s u l f a t a s e 
and c o n c e n t r a t e d i n a r o t a r y e v a p o r a t o r ( 5 ) . The 
c o n c e n t r a t e , d i l u t e d t o 10ml w i t h d i s t i l l e d water, was 
a d j u s t e d t o pH 8, th e n e x t r a c t e d w i t h hexane, a d j u s t e d 
t o pH 12 and e x t r a c t e d w i t h e t h e r , and then a d j u s t e d t o 
pH 2.5 and e x t r a c t e d w i t h e t h e r a g a i n . The l a t t e r 
e t h e r e x t r a c t was e x t r a c t e d t h r e e t i m e s w i t h 8 ml o f 2% 
sodium b i c a r b o n a t e (pH 8.8). The e t h e r phase, c o n t a i n 
i n g t h e more p o l a r a c i d i c m e t a b o l i t e s , was a d j u s t e d t o 
pH 2.5 and e x t r a c t e d w i t h e t h e  ( 5 ) h f th
g a n i c e x t r a c t s was
r e s i d u e s were the n r e c o n s t i t u t e  y
s c h e m a t i c d e s c r i p t i o n o f the e x t r a c t i o n scheme i s g i v e n 
i n F i g u r e 1. S t u d i e s w i t h u r i n e s s p i k e d w i t h r a d i o -
l a b e l l e d s t a n d a r d s have shown the c a n n a b i n o i d s t o 
p a r t i t i o n as f o l l o w s : 

hexane e x t r a c t = THC, CBN, CBD, monohydroxy 
m e t a b o l i t e s 

E - I e x t r a c t = P o l y h y d r o x y m e t a b o l i t e s 
E - I I e x t r a c t = Weakly p o l a r a c i d s ( e . g . A 9-THC-

1 1 - o i c a c i d ) 
E - I I I e x t r a c t = More p o l a r a c i d s 

R e covery o f C a n n a b i n o i d s from Human B r e a s t M i l k 

A 4 ml sample o f m i l k was h y d r o l y z e d and e x t r a c t e d 
a c c o r d i n g t o t h e u r i n e p r o c e d u r e . The hexane e x t r a c t 
r e s i d u e was d i s s o l v e d i n 2 ml methanol and c e n t r i f u g e d 
a t ambient t e m p e r a t u r e , removing w h i t e l i p i d m a t e r i a l . 
The m ethanol was e v a p o r a t e d under n i t r o g e n and the 
r e s i d u e r e c o n s t i t u t e d i n 50 y 1 hexane. 

HPLC 

L i q u i d Chromatography was p e r f o r m e d on a V a r i a n 
8520 d u a l s y r i n g e pump l i q u i d chromatograph. Two V a r i -
c h r o m ™ v a r i a b l e w a v e l e n g t h d e t e c t o r s were used i n 
s e r i e s t o p r o v i d e a d u a l w a v e l e n g t h d e t e c t i o n system. 
A 25cm χ 2.1 mm ID V a r i a n M i c r o P a k MCH-10 column, p r e 
p a r e d by c h e m i c a l l y b o n d i n g a monomolecular l a y e r o f 
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ENZYME-HYDROLYZED URINE (pH 5.5) 
I 

Extract with hexane at pH 8 

Adjust to pH 12 Hexane-soluble 
Extract with ether ~~~~~~~ 

Adjust to pH 2.5 Ether soluble (E-l) 
extract with ether 

Aqueous Ether-soluble 
(discard) wash with2% NaHC03 (pH8.8) 

Adjust to pH 2.5) Ether-soluble 
extract with ether (E-ll) 

Aqueous Ether-soluble 
(discard) (Ε-Ill) Hexane THC, CBN, CBD, monohydroxys 

E-l polyhydroxys 
E-ll polar acids (ll-oic) 
Ε-Ill highly polar acids 

Figure 1. Schematic of extraction scheme for cannabinoids in biological fluids 

o c t a d e c y l onto 10 micron s i l i c a g e l , was used f o r the 
s e p a r a t i o n of the u r i n e e x t r a c t s . A s i m i l a r s i z e V a r i a n 
MicroPak CN-10 column, prepared by ch e m i c a l l y bonding 
a monomolecular l a y e r o f cyanopropyl groups onto 10 
micron s i l i c a g e l was used f o r s e p a r a t i o n of the m i l k 
e x t r a c t . 

ANALYSIS OF URINE 

Re s u l t s 
Urine samples c o l l e c t e d from two human s u b j e c t s , 

p r i o r to (minus 2 4 t o 0 hours) and a f t e r (plus 2 to 6 
hours) o r a l a d m i n i s t r a t i o n of 30 mg A 9-THC, were hy
d r o l y z e d and e x t r a c t e d as d e s c r i b e d i n the experimental 
s e c t i o n . P re- and post-drug e x t r a c t s corresponding to 
e q u i v a l e n t u r i n a r y c r e a t i n i n e l e v e l s were separated by 
reverse phase HPLC. The pre-drug e x t r a c t was used as a 
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"blank", c h a r a c t e r i s t i c of the endogenous composition 
of the subject's urine. 

A MicroPak™ MCH-10 reverse phase column was 
chosen for separation of the hexane and ether e x t r a c t s . 
The monomolecular C^g bonded phase provides e f f i c i e n t 
separation of both polar and non-polar substances and 
ra p i d e q u i l i b r a t i o n to i n i t i a l a c t i v i t y a f t e r gradient 
e l u t i o n programs. The reverse phase column provides 
symmetrical, narrow peaks f o r the cannabinoic acids, 
which tend to t a i l on polar, normal phase columns (e.g. 
s i l i c a ) . 

Use of a w a t e r - a c e t o n i t r i l e mobile phase system 
allowed detection below 220nm; the A9-THC e x t i n c t i o n 
c o e f f i c i e n t i s ca. 30 f o l d greater at 215nm than 280nm 
(and the matrix i n t e r f e r e n c e was less at 215nm). Thus, 
A9-THC d e t e c t i v i t y of the HPLC system with 215nm detec
t i o n was superior t
nitude . 

Endogenous substances i n the extracts are more 
polar than the cannabinoids and elute before them on 
the reverse phase column. On polar, normal phase 
columns, strong adsorption of endogenous species r e 
quires p e r i o d i c column clean-up. This problem was not 
encountered with the reverse phase gradient system. 

Separations were monitored with v a r i a b l e wave
length detectors set at 215nm and 2 80nm r e s p e c t i v e l y . 
The A215/A2Q0 absorbance r a t i o acts as a valuable check 
on e x t r a c t peaks having retention times coincident with 
cannabinoid standards. The A215/A28O r a t i o s of several 
cannabinoid standardsl are l i s t e d i n Table 2. The can
nabinoids segregate i n t o two classes based on the A 2 1 5 / 
A28O r a t i o . The THC class has a high absorbance r a t i o 
(24-37), r e f l e c t i n g the r e l a t i v e l y weak 280nm absorb
ance ( ε - 1500) of the phenolic r i n g . The CBN c l a s s 
has a low absorbance r a t i o (- 2) r e f l e c t i n g the strong 
280nm absorbance ( ε -18,000) of a hydroxybipheny1 r i n g 
system. 

1. Hexane Extract* Subject 1 

The 215nm chromatograms of the pre- and post-drug 
hexane extracts equivalent to 5 mg c r e a t i n i n e (29 ml 
urine) are shown i n Figure 2. In the 5%B/min .water •+ 
a c e t o n i t r i l e gradient, a v a i l a b l e standards ranging from 
the r e l a t i v e l y polar A 9 - T H C - l l - o i c a c i d to the nonpolar 
A9-THC eluted between -10-14 minutes (50+70% acetoni
t r i l e ) . More po l a r cannabinoids such as hydroxy acids 

These r a t i o s are s e n s i t i v e to detector c a l i b r a t i o n and 
should always be determined on a given dual detector 
system by monitoring the chromatography of standards. 
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CD 

2-6 Hours Post-Drug 

-24 to Zero Hours (Pre-Drug) 

I 1 1 1 1 1 1 Γ 

0 4 8 12 16 20 24 28 

TIME (MINUTES) 

Figure 2. The 215-nm chromatograms of hexane extracts of urine of subject I , 
pre- and post-dose. A MicroPak MCH-10 column with 1 mL/min linear gradient 

program from water -» acetonitrile at + 5 % B/min. 
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TABLE 2 

^•215^280 Absorbance Ratios of Cannabinoids 

Cannabinoid Absorbance R a t i o 

Δ 9-THC 
A9-THC 
CBD 
8B-OH-A9-THC 
11-0H-A9-THC 
8, 11-di-OH -A9-THC 
A 9 - l l - o i c A c i d 
CBN 
C B N - l l - o i c A c i d 

28.6 
23.8 
35.9 
36.5 
37.0 
35.2 
28.1 
2.2 CBN Class 

THC Class 

should e l u t e e a r l i e r , The 5-14 minute (25+70% aceto-
n i t r i l e ) r e g ion was thus estimated t o be the cannabinoid 
e l u t i o n r e g i o n . This region was screened f o r peaks 
w i t h r e t e n t i o n times and absorbance r a t i o s c o i n c i d e n t 
w i t h a v a i l a b l e standards and f o r peaks not matching 
r e t e n t i o n times of standards but having THC or CBN-
type r a t i o s . 

A peak was observed c o i n c i d e n t w i t h the A9-THC r e 
t e n t i o n time i n the post-drug e x t r a c t chromatogram. 
The THC region was blank i n the pre-drug e x t r a c t 
chromatogram. 

The 215 and 2 80nm chromatograms o f the post-drug 
e x t r a c t are shown i n Fi g u r e 3. The suspected A9-THC 
peak had an â^^/^gQ r a t i o of 2 8-33. The u n c e r t a i n t y 
i n measurement was due t o the weakness of the 2 80nm 
peak. The A9-THC standard had a r a t i o of 2 8.6. The 
peak was thus assigned to A9-THC. The peak absorbance 
and 215nm e x t i n c t i o n c o e f f i c i e n t of A9-THC i n d i c a t e 
51ng i n j e c t e d onto the column, which e x t r a p o l a t e s t o 
1.26 yg and 1.7 ppb A9-THC i n the +2 t o 6 hour u r i n e 
(125mg c r e a t i n i n e , 719ml u r i n e ) . 

A peak was observed i n the cannabinoid r e g i o n of 
the post-drug e x t r a c t which had a CBN-type r a t i o of 2. 
The region was c l e a r i n the pre-drug e x t r a c t . The peak 
r e t e n t i o n time d i d not match any of the a v a i l a b l e 
standards. I t s e l u t i o n time suggests t h a t i t i s l e s s 
p o l a r than 83-OHA9-THC and s l i g h t l y more p o l a r than 
CBD. 1 

The r e t e n t i o n order of the n a t u r a l , n e u t r a l cannabi
noids on the reversed phase column i s CBD-CBN-THC w i t h 
the THC the most r e t a i n e d . 
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2-6 Hours Post -Drug 

R 1 1 ' 1 1 1 1 - Γ -

0 4 8 12 16 20 24 28 

TIME (MINUTES) 

Figure 3. The 215- and 280-nm chromât ο grams of post drug hexane extract of 
urine of subject 1. Micro?ak MCH-10 column with 1 mL/min linear gradient 

program from water —> acetonitrile at +5% B/min. 

2. Hexane Extract, Subject 2 

A hexane e x t r a c t of the u r i n e of a second s u b j e c t 
was analyzed to see i f the CBN-class peak repeated. The 
pre- and post-drug hexane e q u i v a l e n t s to 5mg c r e a t i n i n e 
of another s u b j e c t were separated u s i n g a slower g r a 
d i e n t (3%B/min) than t h a t used f o r Subject 1. The 
215nm cannabinoid e l u t i o n r e g i o n i s shown i n Fig u r e 4B, 
si d e by s i d e w i t h t h a t of the Subject 1 u r i n e i n F i g u r e 
4A. The 3%B/min g r a d i e n t gave somewhat b e t t e r r e s o l u 
t i o n of endogenous m a t e r i a l from the cannabinoid r e g i o n 
and i s the p r e f e r r e d program f o r the hexane e x t r a c t . 
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SUBJECT 1 
-24 TO ZERO HRS. 
PRE-DRUG URINE 
5 mg CREATININE 
OUT OF 124 

+2-6 HOURS 
POST-DRUG 

SUBJECT 2 
-24 TO ZERO HRS. 
PRE-DRUG URINE 
5 mg CREATININE 
OUT OF 462 

+2-6 HOURS 
POST-DRUG 

Figure 4. The 215-nm chromât ο grams of hexane extracts of urines of subjects 1 
and 2, pre- and post-dose. Micro?ok MCH-10 column with 1 mL/min linear 

gradient program from water —» acetonitrile at 3% B/min. 

Again, a peak was observed i n the Subject 2 post-
drug u r i n e c o i n c i d e n t w i t h the A9-THC r e t e n t i o n time. 
I t s absorbance r a t i o was g r e a t e r than 20. A c l o s e r es
timate was precluded by the weakness of the 280nm ab
sorbance. I t s e l u t i o n r e g i o n was blank i n the pre-drug 
u r i n e . The peak was thus assigned to A9-THC and c o r 
responds to 15ng i n j e c t e d onto the column, which e x t r a 
p o l a t e s to 1.39 yg and 4 ppb A9-THC i n the +2-6 hour 
u r i n e (462mg c r e a t i n i n e , 347ml u r i n e ) . 
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The HPLC estimates of the Ay-THC l e v e l s , based on 
the 215nm e x t i n c t i o n c o e f f i c i e n t , correspond to excre
t i o n of 0.004 and 0.005% of dose i n the +2 to 6 hour 
u r i n e s of s u b j e c t s 1 and 2. These l e v e l s agree w i t h 
previous TLC analyses of other u r i n e s of these p a t i e n t s . 

As was the case i n the post-drug e x t r a c t of sub
j e c t 1, a peak w i t h a CBN-class absorbance r a t i o of 2 
was observed i n the cannabinoid e l u t i o n r e g i o n of sub
j e c t 2. I t s e l u t i o n r e g i o n was blank i n the pre-drug 
u r i n e . The r e t e n t i o n time again suggests a compound 
s l i g h t l y more p o l a r than CBD. 

The appearance of t h i s CBN-class peak i n the post-
drug u r i n e s of both s u b j e c t s and concomitant absence 
i n the pre-drug u r i n e s suggests a CBN-type m e t a b o l i t e 
of Δ9 -THC. The m e t a b o l i t e r e t e n t i o n time suggests a 
r e l a t i v e l y nonpola
a c a n n a b i n o d i o l typ

(i) 

( I I ) . 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



8. ABBOTT E T A L . HPLC Analysis 125 

The c a n n a b i n o d i o l hypothesis i s i n t e r e s t i n g i n t h a t 
previous gas chromatography-mass fragmentography (GC-MF) 
analyses of s i m i l a r u r i n e s from our l a b (9) c o n s i s 
t e n t l y detected a compound having a GLC r e t e n t i o n time 
ca. 8% g r e a t e r than t h a t of CBN, but w i t h the charac
t e r i s t i c mass fragments of CBN. Cannabinodiol was ob
served by van Ginneken e t a l (10M7) to have a c a n n a b i n o l -
l i k e mass fragmentation p a t t e r n . I t should be noted 
t h a t van Ginneken d i d not i s o l a t e c a n n i b i n o d i o l f o r 
s p e c t r a l a n a l y s i s and thus one i s not c e r t a i n of i t s 
A215/ A280 r a t i o . I t i s p o s s i b l e t h a t s t e r i c hindrance 
of the i s o p r o p e n y l and nearby p h e n o l i c h y d r o x y l c o u l d 
reduce c o - p l a n a r i t y of the b i p h e n y l r i n g s , a l t e r i n g the 
absorbance r a t i o from t h a t expected f o r a CBN compound. 

I f the u n i d e n t i f i e d peak had a c h a r a c t e r i s t i c CBN 
e x t i n c t i o n c o e f f i c i e n  ( ε
l a t e s i t s l e v e l to b
and 21ppb i n the u r i n e of s u b j e c t 2. 
3. EII Extract3 Subject 1 

The 215nm chromatograms of the pre- and post-drug 
E I I e ther e x t r a c t s (see F i g u r e 1) e q u i v a l e n t to 2.5mg 
c r e a t i n i n e are shown i n F i g u r e 5. The E I I e x t r a c t i s 
of i n t e r e s t because of recent work by Greene ( t h i s v o l 
ume) i n which the r a t i o of bound to unbound u r i n a r y 
A9-THC-ll-oic a c i d , the major known THC m e t a b o l i t e i n 
humans, was proposed to be a f u n c t i o n of time a f t e r 
dose. As d e s c r i b e d i n the experimental s e c t i o n , t h i s 
a c i d p a r t i t i o n s i n t o the E I I f r a c t i o n . 

A peak was observed c o i n c i d e n t w i t h the r e t e n t i o n 
time of Δ9-THC-ll-oic a c i d , having an absorbance r a t i o 
of 26-32 i n the post-drug e x t r a c t . I t s e l u t i o n area 
was blank i n the pre-drug chromatogram. 

The peak was thus assigned to A 9 - T H C - l l - o i c a c i d 
and represents 98ng i n j e c t e d , which e x t r a p o l a t e s to 
4.85 yg and 6.7ppb i n the +2-6 hour u r i n e . S i l i c a g e l 
TLC a n a l y s i s of t h i s u r i n e e x t r a c t i n d i c a t e d a Δ 9-11-
o i c a c i d l e v e l of ca. 6 yg. The TLC l e v e l was ob
t a i n e d by v i s u a l e s t i m a t i o n of the Fast Blue S a l t (B) 
(FBSB) spot i n t e n s i t y . The agreement of HPLC and TLC 
was thus e x c e l l e n t . 

The r e l a t i v e l y l a r g e e x c r e t i o n of A 9 - T H C - l l - o i c 
a c i d i n humans and the low 215nm m a t r i x l e v e l of the 
E I I ether e x t r a c t makes r a p i d , d i r e c t HPLC-215nm ab
sorbance a n a l y s i s r e l a t i v e l y simple. The f a s t 5%B/min 
g r a d i e n t program (20 minute a n a l y s i s ) i s acceptable 
f o r t h i s a p p l i c a t i o n . 
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Figure 5. The 215-nm chromât ο grams of Ε-I I ether extracts of urine of subject 1, 
pre- and post-dose. MicroPak MCH-10 column with 1 mL/min linear gradient 

program from water —» acetonitrile at 5% B/min. 

E-I Ether Extract* Subject 1 

The 215nm chromatograms of the pre- and post-drug 
E-I ether e x t r a c t s e q u i v a l e n t to 2.5 mg c r e a t i n i n e are 
shown i n F i g u r e 6. The EI e x t r a c t should c o n t a i n neu
t r a l , polyhydroxy m e t a b o l i t e s . Peaks w i t h r e t e n t i o n 
times c o i n c i d e n t w i t h the a v a i l a b l e 8, 11-dihydroxy-
-THC standards were not observed i n the post-drug 

e x t r a c t . However, a s e r i e s of f i v e peaks w i t h absorb
ance r a t i o s of 1.6 - 3.7 was detected. These peaks 
were not present i n the pre-drug u r i n e . These A 2 1 5 / A 2 8 O 
r a t i o s suggest CBN-type compounds. 
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TIME (MINUTES) 

Figure 6. 215-nm chromatograms of E-I ether extracts of urine of subject 1, pre-
and post-dose. MicroPak MCH-10 column with 1 mL/min linear gradient pro

gram from water -» acetonitrile at 5% B/min. 

Previous s i l i c a g e l TLC s t u d i e s of E-I e x t r a c t s of 
su b j e c t u r i n e s showed a s e r i e s of f i v e u n i d e n t i f i e d 
spots i n the mono-polyhydroxy Rf r e g i o n . The spots 
s t a i n e d magenta w i t h FBSB spray regent. At t h i s time, 
we can merely speculate t h a t the s e r i e s of HPLC peaks 
may be CBN-type metabolic products of A9-THC. We d i d 
not have hydroxy-CBN standards (8, 11 or side-chain) 
to compare a g a i n s t the suspect HPLC or TLC s p e c i e s . 
We do not understand why the TLC spots s t a i n magenta 
w i t h FBSB, u s u a l l y c h a r a c t e r i s t i c of THC c l a s s com
pounds, w h i l e the HPLC peaks had c h a r a c t e r i s t i c CBN-
type absorbance r a t i o s . 
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5. E-III Ether Extract* Subject 1 

The chromatograms of the E - I I I f r a c t i o n which 
should c o n t a i n the more p o l a r a c i d m e t a b o l i t e s , had too 
much i n t e r f e r e n c e from endogenous substances to a l l o w 
cannabinoid d e t e c t i o n . A comparison of the endogenous 
m a t r i x l e v e l s of the hexane and ether e x t r a c t s , ex
pressed i n terms of r e l a t i v e 215nm absorbance area i n 
the cannabinoid e l u t i o n r e g i o n , i s given i n Table 3. 
The bulk of the endogenous u r i n a r y m a t e r i a l occurs i n 
the E I I I e x t r a c t . These endogenous matri x l e v e l s h i g h 
l i g h t the value of the Kanter e x t r a c t i o n scheme i n pro
v i d i n g r e l a t i v e l y c l e a n e x t r a c t s f o r a n a l y s i s of the 
n e u t r a l and 11-oic cannabinoids. 

TABLE Ζ 

Endogenous Matrix Level
Based on A2253 ^ n Cannabinoid Elution Region 

A215 V a ^ - u e s 

Hexane e x t r a c t 1.0 r e l a t i v e u n i t * 
E-I 3.3 
E - I I 2.2 
E - I I I 76.9 

*1.0 r e l a t i v e u n i t = 34 yg cannabinoid i n e x t r a c t 

B. D i s c u s s i o n 
D i r e c t HPLC a n a l y s i s of u r i n e e x t r a c t s appears 

f e a s i b l e f o r A9-THC. 215nm i s the optimum wavelength 
f o r d e t e c t i o n of THC-class compounds. Dual wavelength 
a t 215 and 280nm serves as a v a l u a b l e check on can
n a b i n o i d r e t e n t i o n assignment and as a screen f o r 
unknown THC or CBN-class m e t a b o l i t e s . The l a t t e r f e a 
t u r e was demonstrated i n the observance of CBN-class 
peaks i n both hexane and E-I e x t r a c t s . This observa
t i o n suggests a CBN-metabolic route of A9-THC. E v i 
dence of a CBN-metabolic route f o r A^-THC has been 
reported by McCallum (8) and Green (6) f o r humans and 
by Ben Z v i e t a l (9) f o r rhesus monkeys. 

An improvement i n the HPLC method should be r e a l i z 
ed by c o l l e c t i o n of the cannabinoid e l u t i o n r e g i o n of 
the reverse phase s e p a r a t i o n f o l l o w e d by normal phase 
chromatography of the f r a c t i o n . This should a l l o w use 
of the e x c e l l e n t s e l e c t i v i t y of the normal phase 
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column towards p o l a r m e t a b o l i t e s w h i l e a v o i d i n g the 
problem of e x c e s s i v e a d s o r p t i o n of endogenous sub
stances encountered when i n j e c t i n g u n p u r i f i e d e x t r a c t s 
onto a normal phase column. 

ANALYSIS OF BREAST MILK 

Re s u l t s 
A four m i l l i l i t e r sample of b r e a s t m i l k was donated 

by a c h r o n i c cannabis user whose 6 month o l d male i n 
f a n t was p a r t i c i p a t i n g i n a study e v a l u a t i n g the e f f e c t 
of maternal cannabis use on i n f a n t development (10). 
The mother had an estimated THC i n t a k e of 25-50 mg 
d u r i n g a 3-4 hour p e r i o
m i l k was expressed approximatel
s a t i o n of smoking. 

The m i l k sample was hydrolzyed and e x t r a c t e d as 
d e s c r i b e d i n the experimental s e c t i o n . The hexane ex
t r a c t was then analyzed f o r the presence of n e u t r a l , 
nonpolar cannabinoids, (A 8and A9-THC, CBN, CBN). Breast 
m i l k c o n t a i n s 2-6% f a t s , the exact content v a r y i n g w i t h 
maternal d i e t . Hexane e x t r a c t s a l a r g e amount of f a t 
from the m i l k , making a n a l y s i s of t r a c e cannabinoids i n 
t h i s m a t r i x d i f f i c u l t . T r i g l y c e r i d e s , the major l i p i d 
components of m i l k , are d i f f i c u l t t o e l u t e from reverse 
phase columns and thus a normal phase s e p a r a t i o n was 
used f o r the m i l k e x t r a c t . 

To reduce i n t e r f e r e n c e from endogenous f a t s , the 
e x t r a c t was p a r t i a l l y p u r i f i e d by chromatographing f i v e 
s u c c e s s i v e 2 0 y l e x t r a c t i n j e c t i o n s ( e q u i v a l e n t to 0.5 
ml m i l k each) on a MicroPak CN-10 column. A g r a d i e n t 
e l u t i o n program from hexane to 5% methanol i n d i c h l o r o -
methane was used f o r the p u r i f i c a t i o n s tep. The 
e l u t i o n r e g i o n corresponding to the n e u t r a l nonpolar 
cannabinoids was c o l l e c t e d from each run. The f r a c 
t i o n s were then combined and analyzed on another 
MicroPak CN-10 column. 

Separate columns were used f o r e x t r a c t p u r i f i c a t i o n 
and a n a l y s i s because su c c e s s i v e i n j e c t i o n s of the h i g h 
l y concentrated, f a t t y e x t r a c t g r a d u a l l y reduces column 
e f f i c i e n c y . Thus, the a n a l y t i c a l column should be sub
j e c t e d to as c l e a n a sample as p o s s i b l e . 

The a n a l y t i c a l s e p a r a t i o n was obtained at low flow 
v e l o c i t y (0.2 cm/sec) and i n the i s o c r a t i c mode to op
t i m i z e r e s o l u t i o n . Absorbance d e t e c t o r s s e t a t 245 and 
280nm r e s p e c t i v e l y , were used i n s e r i e s f o r e f f l u e n t 
m o n i t o r i n g . 215nm d e t e c t i o n , though optimum f o r the 
cannabinoids, was precluded due to c o - e l u t i o n of en-
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dogenous f a t s s t i l l present a t r e l a t i v e l y high l e v e l s 
i n the p a r t i a l l y p u r i f i e d e x t r a c t . 

An i s o c r a t i c CN column s e p a r a t i o n of cannabinoid 
standards i s shown i n F i g u r e 7. Note the e x c e l l e n t 
s e p a r a t i o n of the Δ 8 and A^-THC isomers. The CN column 
has been found to be u s e f u l i n s e p a r a t i o n of double 
bond isomers, presumably due to i n t e r a c t i o n s w i t h the 
n i t r i l e group of the cyano bonded phase. The chromato
gram of the p a r t i a l l y p u r i f i e d hexane e x t r a c t of 1.5 ml 
mi l k i s shown i n Fi g u r e 8. Peaks were not observed i n 
the A8-THC, CBN or CBN r e g i o n s . However, an i n t e n s e , 
sharp peak was observed a t the r e t e n t i o n time of A9-THC, 
having the ap p r o p r i a t e A 2 4 5 / A 2 8 O absorbance r a t i o of 
1.5. 

0 10 20 30 40 
TIME (MIN) 

Figure 7. Separation of natural, neutral cannabinoids on MicroPak CN-10 col
umn with 0.25 mL/min 3% Β isocratic: solvent A = hexane; solvent Β = 5% 

methanol in dichloromethane. 
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Figure 8. Chromatogram of partially purified hexane extract of 1.5 mL breast 
milk. MicroPak CN-10 column with 0.25 mL/min 3% Β isocratic: solvent A = 

hexane; solvent Β = 5% methanol in dichloromethane. 
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Figure 9. Chromatogram of partially purified hexane extract of 0.7 mL breast 
milk, co-injected with A9-THC and CBN standard (same conditions as Figure 7) 
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An e x t r a c t of 0.7 ml br e a s t m i l k was then co-
i n j e c t e d w i t h A9-THC (200 ng) and CBN (100 ng) standard. 
A s i n g l e , sharp peak was observed a t the Δ9-THC r e t e n 
t i o n time (Figure 9 ) . Approximately h a l f the peak ab-
sorbance i s due to the spik e and h a l f t o the m i l k 
sample. The s e p a r a t i o n of the THC and CBN peaks had 
remained constant, i n d i c a t i n g t h a t column a c t i v i t y had 
not changed. 

P o s i t i v e i d e n t i f i c a t i o n o f the suspected THC peak 
r e q u i r e s f u t u r e i s o l a t i o n of the species from l a r g e r 
m i l k volumes, f o l l o w e d by o f f - l i n e s p e c t r a l a n a l y s i s 
(NMR, IR, MS). At t h i s time, the r e t e n t i o n match, ab-
sorbance r a t i o match and spike t e s t i n a high r e s o l u 
t i o n HPLC s e p a r a t i o n support a t e n t a t i v e i d e n t i f i c a t i o n 
o f Δ9-THC i n the m i l k . 

I f the suspecte
absorbance value i n d i c a t e
This e x t r a p o l a t e s to an o r a l i n t a k e o f 26 yg THC during 
an average 100 ml fe e d i n g , corresponding t o 0.05-0.10% 
of the mother's estimated THC i n t a k e . 

D i s c u s s i o n 
Cannabinoids have been detected i n the m i l k o f 

ewes and s q u i r r e l monkeys f o l l o w i n g a d m i n i s t r a t i o n of 
A9-THC. Jakubovic e t a l (11) recovered 0.03-0.05% o f 
a p p l i e d r a d i o a c t i v i t y i n the m i l k of ewes given 14(>Δ 9-
THC. M i l k s c o l l e c t e d p e r i o d i c a l l y between 4 - 9 6 hours 
a f t e r drug a d m i n i s t r a t i o n a l l contained r a d i o a c t i v i t y . 
The h i g h e s t l e v e l occurred i n the 4 hour sample. Most 
of the m i l k r a d i o a c t i v i t y corresponded t o a species i n 
the petroleum ether e x t r a c t having the same Rf and FBSB 
c o l o r as A9-THC on t h i n - l a y e r chromatography (TLC). 
L e i g h t y e t a l (12) speculated t h a t t h i s s p e c i e s , oc
c u r r i n g i n the m i l k a t long p e r i o d s a f t e r dose, may 
have been a f a t t y a c i d conjugate of ll-hydroxy-A 9-THC. 

Jakubovic e t a l (11) detected r a d i o a c t i v i t y i n 
suc k l e d r a t s a f t e r a d m i n i s t r a t i o n of 14c-A9-THC to the 
mothers. TLC showed A9-THC t o be present i n the i n f a n t 
b r a i n . E l e c t r o n microscopy of the i n f a n t b r a i n s showed 
a r e d u c t i o n i n the number o f ribosomes attached t o the 
riuclear membrane of the b r a i n c e l l s . H a t t o r i c e t a l 
(13) observed a s i m i l a r e f f e c t a f t e r a d m i n i s t r a t i o n of 
A9-THC d i r e c t l y t o i n f a n t r a t s . These r e s u l t s sug
gested s i g n i f i c a n t t r a n s f e r o f A9-THC i n t o the m i l k . 

Chao e t a l (14) recovered 0.2% of a p p l i e d r a d i o 
a c t i v i t y i n the m i l k o f l a c t a t i n g s q u i r r e l monkeys 
given 14c-A 9-THC. M i l k s were c o l l e c t e d p e r i o d i c a l l y 
between 1-24 hours a f t e r drug a d m i n i s t r a t i o n . Peak 
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l e v e l s of r a d i o a c t i v i t y occurred between 2-4 hours. 
0.01% of the r a d i o a c t i v i t y was i d e n t i f i e d as Δ^-THC by 
TLC. Most of the r a d i o a c t i v i t y corresponded to metabo
l i t e s having Rf values i n the mono- and dihydroxy r e 
gi o n . However, Rf matches w i t h standards were not 
obtained. D i f f e r e n c e s were not found between m i l k 
volume of c o n t r o l and THC-monkeys or between weight 
gain of i n f a n t s nursed by c o n t r o l and THC-monkeys. 

Although animal s t u d i e s i n d i c a t e t r a n s f e r of Δ -
THC i n t o the m i l k , comparable research has not been 
done on humans. I t i s d i f f i c u l t to e x t r a p o l a t e from 
animal s t u d i e s to humans. The o n l y primates s t u d i e d , 
s q u i r r e l monkeys, are known to metabolize A9-THC d i f 
f e r e n t l y than humans. (15) In a d d i t i o n , l a c t a t i n g 
human mothers i n the general p o p u l a t i o n i n g e s t both 
A9-THC and other cannabinoid
i n g cannabis. Informatio
r e g a r d i n g e i t h e r t r a n s f e r of cannabinoids i n t o the m i l k 
of l a c t a t i n g humans or the e f f e c t s of maternal cannabis 
use on i n f a n t development. 

Se v e r a l f a c t o r s suggest the p o s s i b i l i t y of THC 
t r a n s f e r i n t o the m i l k of humans. H o l l i s t e r e t a l (16) 
found unmetabolized A9-THC i n human u r i n e s between 0-6 
hours a f t e r a 30 mg dose. T o t a l u r i n a r y THC recovered 
was 0.005 to 0.01% of dose. We r e p o r t s i m i l a r HPLC 
r e s u l t s i n t h i s paper. Plasma A9-THC l e v e l s of 100-
300 ng/ml have been measured i n humans a f t e r smoking 
three 20 mg A9-THC c i g a r e t t e s . (17) T r a n s f e r of drugs 
from plasma i n t o the m i l k i s f a c i l i t a t e d by high l i p i d 
s o l u b i l i t y of the drug, and A^-THC i s a str o n g l i p o -
p h i l e . 

The HPLC r e s u l t r e p o r t e d here suggests a t r a n s f e r 
of A9-THC i n t o the b r e a s t m i l k of a c h r o n i c cannabis 
user. The c a l c u l a t e d l e v e l of 0.26 yg/ml e x t r a p o l a t e s 
to 26 yg per average 100 ml feeding which corresponds 
to 0.05-0.10% of the mother's estimated THC i n t a k e . I t 
should be noted t h a t t h i s a n a l y s i s was on a s i n g l e sam
p l e and has not yet been confirmed by o f f - l i n e s p e c t r a l 
c h a r a c t e r i z a t i o n . The i d e n t i f i c a t i o n of A9-THC i n the 
m i l k must t h e r e f o r e be regarded as t e n t a t i v e . Future 
work r e q u i r e s m u l t i p l e sample analyses from both aver
age and c h r o n i c u s e r s . The m i l k should be analyzed f o r 
both A9-THC and m e t a b o l i t e s . 

The p h a r m a c o l o g i c a l l y a c t i v e hydroxy m e t a b o l i t e s , 
present e i t h e r as f r e e or as f a t t y a c i d conjugates, 
w i l l be of prime i n t e r e s t . S u f f i c i e n t m i l k volume must 
be c o l l e c t e d to a l l o w HPLC i s o l a t i o n of suspected can
nabinoids and o f f - l i n e mass s p e c t r a l c h a r a c t e r i z a t i o n . 
A s u c c e s s f u l i n t e r f a c i n g of an HPLC to a mass spectrom
e t e r would g r e a t l y s i m p l i f y t h i s work. 
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The s i g n i f i c a n c e of t r a n s f e r of cannabinoids i n t o 
human b r e a s t m i l k depends on whether i t occurs a t l e v 
e l s s u f f i c i e n t to e l i c i t p h y s i o l o g i c a l or b e h a v i o r a l 
e f f e c t s i n a nu r s i n g i n f a n t . Comprehensive development 
s t u d i e s of the i n f a n t s of mothers u s i n g cannabis d u r i n g 
pregnancy and/or l a c t a t i o n are r e q u i r e d . Such s t u d i e s 
are now i n progress. (14). 
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Radioimmunoassay of Cannabinoid Compounds 

C. E. COOK 

Chemistry and Life Sciences Division, Research Triangle Institute, 
Research Triangle Park, NC 27709 

Radioimmunoassay (or RIA) was first introduced as 
an analytical technique in 19 59. Since then it has 
played an increasingly important role in the quantita
tive analysis of hormones and drugs. Much of the re
cent rapid progress in endocrinology may in fact be 
attributed to the ava i l ab i l i ty of this sensitive and 
accurate method for quantitation of steroidal and pro-
tein/peptide hormones. 

Since radioimmunoassay has permitted the quanti
tation of substances present in concentrations as low 
as a few pg/ml of a biological f l u i d , and since the 
inherent se lect iv i ty of antibodies often make sample 
preparation requirements minimal and assay methodology 
simple, RIA has naturally been considered as a means 
for measuring blood levels of cannabinoid compounds. 
A number of investigators have been interested in the 
development of RIA procedures for the cannabinoids. 

Before beginning a discussion of the RIA of can
nabinoid compounds, l e t us br ief ly review some general 
principles of radioimmunoassay. Figure 1 i l lus t ra tes 
the basic premise of RIA. A radiolabeled substance, 
the antigen or radioligand, binds to an antibody. 
Addition of unlabeled antigen results in a competition 
with the radioligand for binding s i tes , thus reducing 
the fraction of radioactivity which i s bound to the 
antibody. By measuring either the free or bound ra
dioact ivi ty and establishing a standard curve, one can 
then determine the amount of antigen present in an 
unknown sample. 

The first step in the development of an RIA pro-
0-8412-0488-8/79/47-098-137$05.00/0 
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cedure t h e r e f o r e i n v o l v e s g e t t i n g a n t i b o d i e s which 
w i l l b i n d the compound i n q u e s t i o n . Furthermore, an
t i b o d i e s which s e l e c t i v e l y b i nd the drug to be analy
zed are o f t e n most d e s i r a b l e s i n c e they permit analy
s i s w i t h l e s s f o r e x t e n s i v e sample p r e p a r a t i o n . 

A second step i n RIA development i s choice o f 
the a p p r o p r i a t e r a d i o l i g a n d . Much of t h i s paper w i l l 
be devoted to these two aspects of RIA. 

L A B E L E D + SPECIFIC % L A B E L E D A N T I G E N -

A N T I G E N A N T I B O D Y 1 A N T I B O D Y C O M P L E X 

4-

U N L A B E L E D 
A N T I G E N 

jr 
U N L A B E L E D A N T I G E N -

A N T I B O D Y C O M P L E X 

10 1 0 2 1 0 3 1 0 4 

A D D E D M A S S ( U N L A B E L E D ) 

Raven Press 

Figure 1. Basic premise of RIA (13) 
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IMMUNOGEN SYNTHESIS - GENERAL PRINCIPLES 
F i r s t l e t us look at antibody formation as i l l u s 

t r a t e d i n Fi g u r e 2. Small molecules i n general do not 
e l i c i t an immune response when i n j e c t e d i n t o animals. 
This s i t u a t i o n , which i s f o r t u n a t e from the standpoint 
of t h e r a p e u t i c use of drugs, presents a s u b s t a n t i a l 
problem f o r the a n a l y s t who wants to assay them. How
ever, i n the e a r l y 1900 1 s Landsteiner (1) showed t h a t 
i f s m a l l molecules which i n themselves were not immuno
genic were c o v a l e n t l y bonded to a l a r g e molecule such 
as a p r o t e i n , the r e s u l t i n g substance (the conjugate) 
was immunogenic. A n t i b o d i e s formed by i n j e c t i o n of 
animals w i t h t h i s hapten-protein conjugate were found 
to s e l e c t i v e l y b i n d the o r i g i n a l s m a l l molecule w i t h 
very high a f f i n i t y
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The f i t between antibody and antigen i s o f t e n q u i t e 
good, p a r t i c u l a r l y i n areas which are removed from the 
s i t e o f attachment to the p r o t e i n . However, i n t r o 
d u c t i o n of the c o v a l e n t l i n k i n e v i t a b l y r e s u l t s i n a 
change i n the s t r u c t u r a l c h a r a c t e r i s t i c s of the mole
c u l e , and the r e s u l t i n g antibody o f t e n r e f l e c t s t h i s 
change as i s i l l u s t r a t e d by the fuzzy area i n the f i g 
ure. Indeed the b i n d i n g s i t e can emcompass not o n l y 
the o r i g i n a l s m a l l molecule but the l i n k a g e i t s e l f and 
even p o r t i o n s of the attached p r o t e i n . In c e r t a i n i n 
stances i t has been shown t h a t the drug p l u s l i n k i s 
bound w i t h much g r e a t e r a f f i n i t y than the drug alone, 
at l e a s t by a c e r t a i n p o p u l a t i o n of a n t i b o d i e s present 
i n the antiserum. Thus, no l i n k i n g group can be con
s i d e r e d i n e r t , and there i s no i d e a l l o c a t i o n f o r l i n k 
age o f a drug to th  p r o t e i n  However  c a r e f u l s e l e c
t i o n of the l i n k a g
may minimize the problem

In g e n e r a l , i n d e s i g n i n g a mode of l i n k a g e of the 
drug to the p r o t e i n , one t r i e s to avoid c o v e r i n g up 
s i t e s on the drug which are m e t a b o l i c a l l y r e a c t i v e — 
thus l e a v i n g them f r e e to i n f l u e n c e the formation of 
s e l e c t i v e a n t i b o d i e s . A l s o one t r i e s to avoid cover
i n g up s t r u c t u r a l f e a t u r e s which may permit develop
ment of strong a f f i n i t y b i n d i n g s i t e s . The f i r s t 
p o i n t , to leave m e t a b o l i c a l l y a c t i v e s i t e s f r e e , i s 
p a r t i c u l a r l y important s i n c e i n general the drug and 
i t s m e t a b o l i t e s w i l l have many s i m i l a r s t r u c t u r a l f e a 
t u r e s . Therefore, the m e t a b o l i t e s w i l l , under u s u a l 
circumstances, be the p r i n c i p a l i n t e r f e r i n g c o n s t i t u 
ents i n an RIA a n a l y s i s . In a d d i t i o n , i n d e s i g n i n g 
the s y n t h e s i s of the immunogen, one must c o n s i d e r the 
chemistry i n v o l v e d and the ease or d i f f i c u l t y i n r e 
l a t i o n to the expected b e n e f i t . Depending upon t h e i r 
needs then, i t can be expected t h a t d i f f e r e n t i n v e s t i 
gators w i l l s y n t h e s i z e immunogens i n d i f f e r e n t ways. 
IMMUNOGEN SYNTHESIS -A 8-and A9-THC 

As d e s c r i b e d i n previous papers by W a l l (2), most 
of the metabolic a l t e r a t i o n s of A9-THC occur i n the 
cyclohexane moiety w i t h h y d r o x y l a t i o n of the A 9-com-
pound o c c u r r i n g at the 11- and 8 - p o s i t i o n s along w i t h 
conversion of the 11-carbon to a c a r b o x y l group. 
More r e c e n t l y i t has been found t h a t h y d r o x y l a t i o n can 
a l s o occur i n the amyl s i d e c h a i n of the p h e n o l i c r i n g . 
These l a t t e r m e t a b o l i t e s e x h i b i t b i o l o g i c a l a c t i v i t y , 
but r e s u l t s from Dr. Wall's group i n our l a b o r a t o r y 
i n d i c a t e t h a t i n humans, at l e a s t , they are q u a n t i t a 
t i v e l y minor m e t a b o l i t e s . 
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a) CO-NH -BSA (Teale, et al., 1974) 

b) C O - C H 2 C H 2 C O - N H - B S A (Teale,eta/., 1975) 

c) CO-CH 2 CH 2 CO-NH-PGG (MSA, SGG, or PLL) (Tsui, et al., 1974) 

d) CH 2 CO-NH-HS  et al.,

e) Ν = Ν - ( ( ^ ) ν CO-NH-PGG (HSAor SGG) (Tsui, et al., 1974) 

f) N = f * \ Ç J / " CO-NH-KLH (Gross,eta/., 1974) 

(+ 4—isomer) 

g) 10—I—9—NH—CO—NH—HSA (or PGG) (Tsui,efa/., 1974) 

Figure 3. Some positions through which A9-THC has been linked to protein (3) 

A number of p r e v i o u s l y r e p o r t e d immunogens are 
summarized i n F i g u r e 3. Teale, Marks and t h e i r co
workers have prepared immunogens by forming a hemiester 
l i n k a g e w i t h the p h e n o l i c h y d r o x y l group and c o u p l i n g 
t h i s compound to bovine serum albumin (4, 5 ) . T s u i 
and co-workers (6) a l s o formed a hemisuccinate and a 
carboxymethyl ether from the p h e n o l i c h y d r o x y l . These 
products were coupled to a v a r i e t y of p r o t e i n s . The 
phe n o l i c group apparently undergoes no metabolic a l t e r 
n a t i o n s but would be expected to b i n d w e l l to an a n t i 
body, and s p a t i a l l y the attachment to p r o t e i n i s r e l a 
t i v e l y c l o s e to the m e t a b o l i c a l l y important cyclohexene 
r i n g . To avoid t h i s problem T s u i e t a l . a l s o prepared 
a 2-azophenylcarboxy d e r i v a t i v e . TKis s u b s t i t u t i o n 
had been p r e v i o u s l y employed by Soares, Gross and co
workers (7). F i n a l l y , T s u i e t a l . (6) a l s o prepared 
a 10-iodo-9-ureido l i n k e d THC. 

Our a t t e n t i o n was drawn to the amyl s i d e c h a i n of 
the aromatic r i n g as a p o t e n t i a l p o s i t i o n f o r a t t a c h 
ment to the p r o t e i n . Such a l i n k a g e would f u l f i l l the 
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Figure 4. Synthetic route to immunogen based on 5'-carboxy-k8-THC: (a) di-
cyclohexyl carbodiimide/CH2Cl2; (b) bovine serum albumin/dioxane-water. 
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requirement of d i s t a n c e from the m e t a b o l i c a l l y reac
t i v e cyclohexane r i n g , although not, of course, from 
s i t e s o f h y d r o x y l a t i o n on the amyl s i d e c h a i n . For 
s y n t h e t i c reasons our i n i t i a l attempts d e a l t w i t h the 
Δ8-THC analog as a s u b s t r a t e . 

S ynthesis of the A8-THC antigen i s shown i n F i g u r e 
4. 5 ,-Carboxy-A 8-THC l a b e l e d w i t h t r a c e r amounts of 
carbon-14 i n the c a r b o x y l group (8) was converted to a 
r e a c t i v e e s t e r by treatment w i t h N-hydroxy-succinimide 
and d i c y c l o h e x y l c a r b o d i i m i d e . This a c t i v e e s t e r was 
r e a d i l y coupled w i t h bovine serum albumin i n a mixture 
of dioxane and water to y i e l d the d e s i r e d a n t i g e n . 
R a d i o a c t i v i t y measurements i n d i c a t e d the i n c o r p o r a t i o n 
of about 33 res i d u e s of A 8-THC/molecule of bovine serum 
albumin. We have found t h i s mode of c o u p l i n g t o be a 
very u s e f u l one, as i t i s r e l a t i v e l y easy t o c o n s i s 
t e n t l y c o n t r o l the
in c o r p o r a t e d i n t o th
ANTISERUM CHARACTERIZATION 

Rabbits were immunized w i t h the conjugate ( d i s 
s o l v e d i n s t e r i l e sodium c h l o r i d e s o l u t i o n and homo
genized w i t h an equal volume of Freund fs complete ad
juvant) . Immunization w i t h 200 yg of antigen was 
c a r r i e d out by the i n t r a d e r m a l technique of V a i t u k a i -
t i s e t a l . ( 9 ) , f o l l o w e d a f t e r two weeks by another 
intraSTermal immunization and then a t four week i n t e r 
v a l s by subcutaneous booster i n j e c t i o n s . The animals 
were b l e d 7 1/2 weeks a f t e r the i n i t i a l dose and every 
4 weeks t h e r e a f t e r . A f t e r the t h i r d b l e e d i n g , the 
immunization program was d i s c o n t i n u e d f o r a three month 
p e r i o d . Antigen booster i n j e c t i o n s were then resumed 
and the f o u r t h b l e e d i n g was taken 10 days a f t e r immuni
z a t i o n . Reasonable t i t e r s ( t h a t i s , 50% b i n d i n g of 
about 125 pg of t r i t i u m l a b e l e d A8-THC a t a f i n a l d i 
l u t i o n of 1200-2700) were achieved i n two out of fou r 
r a b b i t s a t the f i r s t b l e e d i n g . These t i t e r s compare 
q u i t e f a v o r a b l y w i t h those which have been reported by 
others and demonstrate t h a t w i t h t h i s immunogen the 
r a b b i t i s a reasonable animal to use f o r antiserum pro
d u c t i o n . 

The assay p r o t o c o l i s shown i n F i g u r e 5. Using 
t h i s p r o t o c o l , we measured the a v i d i t y of the a n t i s e r a 
f o r v a r i o u s m e t a b o l i t e s and analogs of A9-THC by de
te r m i n i n g the r e l a t i v e amount of compound r e q u i r e d f o r 
50% displacement of i n i t i a l l y bound r a d i o l i g a n g . A l 
though on t h e o r e t i c a l grounds t h i s procedure i s not 
s t r i c t l y v a l i d , we have shown t h a t i n most i n s t a n c e s 
i t p r o v i d e s a u s e f u l guide to antibody s e l e c t i v i t y 
(10) . 
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0.1 M phosphate buffer, pH 6.8 

Antiserum 

3 H - A ® f H C -10,000 c p m / Ι Ο μ β 

Unlabeled Drug 

1 
Total Volume - 0.52 ml 

Incubate 24 hrs (4°C) 

2.5% Charcoal Suspension 

(1.0 ml) 

Vortex 10 sec 

Incubate 15 minutes 

Centrifuge 

1200 g — 15 minutes 

Decant 

Scintillation Fluid 

(10 ml) 

1 
Count 1 Minute 

(Bound Fraction) 

Figure 5. General procedure for RIA of A9-THC 
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STRUCTURE 
BOUND 

A Β C 

100% 100% 100% 
(100) (100) 

63 48 271 
(100) 

( H H C ) 94 144 102 

CH-OH 

24
(100) (as Δ 8 ) (47) 

COOH 

(<0.4)(asA-C00Me) 2 0.6 
(3) 

<Χχ· 38 68 

21 4 

92 26 24 

1 (CBD) 
2 0.1 0.1 

(0.5) 

Figure 6. Structure-binding rehtionships of various antisera for cannabinoids 

Through the N a t i o n a l I n s t i t u t e on Drug Abuse and 
the cour t e s y o f Drs. Gross and Marks, we were able to 
ob t a i n samples of a n t i s e r a prepared from three d i f f e r 
ent immunogens, i n c l u d i n g our own, and to compare the 
c r o s s r e a c t i o n of these w i t h v a r i o u s m e t a b o l i t e s and 
analogs of te t r a h y d r o c a n n a b i n o l . This i s shown i n 
F i g u r e 6 . Since antibody s e l e c t i v i t y can be s i g n i f i 
c a n t l y i n f l u e n c e d by assay c o n d i t i o n s , r a d i o l i g a n d , e t c . 
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F i g . 6 a l s o l i s t s the per cent cross r e a c t i o n which has 
been observed i n t h e i r own l a b o r a t o r i e s by the produ
cers of the antiserum. The displacement a b i l i t y of 
A9-THC i s taken as a standard a t 100% f and f o r reasons 
d i s c u s s e d l a t e r , the r a d i o l i g a n d used was t r i t i u m 
l a b e l e d A8-THC w i t h s p e c i f i c a c t i v i t y of about 50 C i / 
mmole. 

A change which a l t e r s the t r i c y c l i c c h a r a c t e r of 
the molecule, f o r example c a n n a b i d i o l , e s s e n t i a l l y 
d e s troys b i n d i n g to a l l of the a n t i b o d i e s . However, 
much more s u b t l e changes can a l s o have s i g n i f i c a n t 
e f f e c t s . In the case of antibody to A8-THC, the s h i f t 
of the double bond t o the Δ9-position r e s u l t s i n a 
2 1/ 2 - f o l d decrease i n c r o s s - r e a c t i o n . A s i m i l a r de
crease i s seen on comparison o f the b i n d i n g of Δ 9- and 
A8-THC to antibody obtaine
gens. Reduction o
g r e a t e r e f f e c t w i t h the Δδ-antibody than does the s h i f t 
of the A 9 - p o s i t i o n and a c t u a l l y somewhat i n c r e a s e s the 
c r o s s - r e a c t i o n w i t h the Δ9-Antiserum prepared from the 
azobenzoyl immunogen. A r o m a t i z a t i o n of the cyclohex-
ene r i n g t o cannabinol r e s u l t s i n a f o u r f o l d decrease 
i n c r o s s - r e a c t i o n as compared w i t h A9-THC i n the case 
of the azobenzoyl- and amyl-l i n k e d immunogens, Β and 
C, but has l i t t l e e f f e c t on c r o s s - r e a c t i o n t o the O-
s u c c i n o y l antibody. 

Oxygenated C - l l m e t a b o l i t e s c r o s s - r e a c t r e l a t i v e l y 
l i t t l e w i t h the antibody from the amyl immunogen. The 
11-hydroxy m e t a b o l i t e does c r o s s - r e a c t s i g n i f i c a n t l y 
w i t h the azobenzoyl antiserum, but the c r o s s - r e a c t i o n 
drops markedly when the l l - n o r - 9 - c a r b o x y m e t a b o l i t e i s 
considered. Both o f these m e t a b o l i t e s do c r o s s - r e a c t 
s t r o n g l y w i t h the antibody from the O-succinoyl immuno
gen A. The r e s u l t s shown i n d i c a t e d to us t h a t good, 
although not out s t a n d i n g s e l e c t i v i t y f o r A9-THC vs. 
a number of m e t a b o l i t e s and analogs can be achieved 
w i t h an am y l - l i n k e d immunogen and t h a t useable a n t i 
body t i t e r s can be obtained i n r a b b i t s . 

Δ 9-THC ANTISERUM 
We t h e r e f o r e turned our a t t e n t i o n t o the prepara

t i o n of an immunogen from 5 1-carboxy-A 9-THC. The ap
p r o p r i a t e s t a r t i n g m a t e r i a l was sy n t h e s i z e d by 
Dr. C o l i n P i t t of our l a b o r a t o r y and the immunogen 
was s y n t h e s i z e d as p r e v i o u s l y shown f o r the A 8-com-
pound. 

Again u s i n g the Δ -THC t r i t i u m l a b e l e d r a d i o l i g a n d 
i n the p r o t o c o l d e s c r i b e d , we examined the 50% b i n d i n g 
t i t e r ( i n i t i a l d i l u t i o n ) o f a n t i s e r a from 16 r a b b i t s . 
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The r e s u l t s are shown i n Fig u r e 7. The animals were 
d i v i d e d i n t o s i x groups based on treatment p r o t o c o l , 
but the major f a c t o r i n antibody t i t e r was the dose of 
immunogen. As can be seen from the f i g u r e , w i t h the 
excep t i o n of an unexplained drop i n t i t e r a t the t h i r d 
month the groups which were immunized w i t h 200 yg of 
immunogen e x h i b i t e d r a t h e r c o n s i s t e n t l y b e t t e r a n t i 
body t i t e r s than those immunized w i t h 500 yg. 

Fi g u r e 8 shows standard curves generated w i t h one 
of these a n t i s e r a . Good s e n s i t i v i t y was obtained. 
This antiserum was used i n the b l i n d a n a l y s i s of plasma 
samples from marijuana smokers. These samples were 
a l s o analyzed by GC-MS a t B a t t e l l e I n s t i t u t e . Regres
s i o n a n a l y s i s o f the two se t s o f r e s u l t s showed good 
agreement RIA (ng/ml) = 1.2 GC+ 0.14 w i t h e x c e l l e n t 
c o r r e l a t i o n . Thus
w i t h the antibody fro
the a n a l y s i s of A9-THC i n plasma. 
IODINATED RADIOLIGAND 

Let us r e t u r n now to a d i s c u s s i o n o f the r a d i o l i 
gand used. Since the s e n s i t i v i t y of an RIA procedure 
and the e f f e c t i v e t i t e r o f the antiserum are r e l a t e d to 
the s p e c i f i c r a d i o a c t i v i t y of the r a d i o l i g a n d used, 
there are s i g n i f i c a n t advantages i n us i n g a high s p e c i 
f i c a c t i v i t y r a d i o l a b e l e d drug. A t r i t i u m l a b e l e d 
drug has the advantage o f b i n d i n g p r o p e r t i e s very s i m i 
l a r t o those of the unlabeled drug. The g r e a t e s t d i s 
advantage o f t r i t i u m i s the f a c t t h a t i s i s a 3-emitter 
analyzed by l i q u i d s c i n t i l l a t i o n techniques (which r e 
q u i r e r e l a t i v e l y expensive reagents and form an i n 
convenient step i n attempts t o automate RIA procedures). 
For t h i s reason there i s a co n s i d e r a b l e trend a t the 
present to the use of 125i as the r a d i o i s o t o p e . I t 
has a much higher t h e o r e t i c a l s p e c i f i c a c t i v i t y than 
t r i t i u m and can be measured d i r e c t l y i n a gamma coun
t e r . 

In the case of a n a l y s i s of Δ -THC not only must 
the s p e c i f i c a c t i v i t y of the r a d i o l i g a n d be considered, 
but a l s o i t s s t a b i l i t y . When A9-THC was prepared a t 
a s p e c i f i c a c t i v i t y of about 50 Ci/mmole, i t had a 
very s h o r t s h e l f l i f e . On the other hand, t r i t i a t e d 
A8-THC of s i m i l a r s p e c i f i c r a d i o a c t i v i t y has proven 
to be a q u i t e s t a b l e e n t i t y . I t s b i n d i n g c h a r a c t e r i s 
t i c s w i t h the a n t i s e r a r a i s e d to e i t h e r Δ 8- or A9-THC 
make i t a u s e f u l r a d i o l i g a n d i n s p i t e of the h e t e r o l o 
gous nature of the assay thus i n t r o d u c e d . 

The advantages of I 2 5 i enumerated before have l e d 
us to a l s o c o n s i d e r t h i s substance as a r a d i o i s o t o p e . 
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In most i n s t a n c e s i t has been found t h a t , because of 
i t s s i z e , s u b s t i t u t i o n of an i o d i n e d i r e c t l y on a drug 
molecule i n h i b i t s b i n d i n g to the antibody. Therefore, 
i n many cases an iodohistamine or iodophenol d e r i v a t i v e 
has been l i n k e d to the d e r i v a t i v e of the drug used f o r 
the o r i g i n a l immunogen p r e p a r a t i o n . However, t h i s may 
i n t r o d u c e other problems. The r e s u l t i n g substance may 
have a s t r u c t u r e i n which the l i n k a g e between drug and 
i o d i n a t e d moiety i s s i m i l a r to t h a t f o r the o r i g i n a l 
d r u g / p r o t e i n conjugate. Thus, i t may e x h i b i t an i n 
creased b i n d i n g v s . the parent drug or may s e l e c t a 
p o p u l a t i o n of a n t i b o d i e s which has a g r e a t e r r e c o g n i 
t i o n f o r the l i n k than the drug i t s e l f . Large q u a n t i 
t i e s of the drug may then be r e q u i r e d to d i s p l a c e the 
r a d i o l i g a n d , and the assay may a c t u a l l y be l e s s s e n s i 
t i v e than i s the case w i t h the lower s p e c i f i c a c t i v i t y 
t r i t i u m l a b e l e d r a d i o l i g a n
a very f i n e balanc
dependent upon the antiserum, the r a d i o l i g a n d and the 
compound t o be measured. 

We expected t h a t d i r e c t i n t r o d u c t i o n of i o d i n e 
i n t o the 5 ' - p o s i t i o n of A 9-THC—the exact l o c a t i o n of 
the l i n k a g e to p r o t e i n i n the o r i g i n a l immunogen— 
should not too s i g n i f i c a n t l y reduce b i n d i n g . Using 5 1-
iodo-A 8-THC, we found t h a t i t e x h i b i t e d 111% of the 
b i n d i n g of A9-THC to the Δ8-antibody. Dr. P i t t then 
subjected 5 1-iodo-A 8-THC to an exchange r e a c t i o n u s i n g 
125i sodium i o d i d e (Figure 9 ) . Reaction a t 50° l e d to 
exchange as determined by a b i l i t y to e x t r a c t the r a d i o -
i o d i n e i n t o hexane s o l u t i o n . Several batches of t h i s 
r a d i o l i g a n d have now been prepared. The f i r s t had 
r e l a t i v e l y low s p e c i f i c a c t i v i t y , the second a p p r o x i 
mately δ-10 Ci/mmole. Standard curves u t i l i z i n g t h i s 
i o d i n a t e d m a t e r i a l and the A8-THC antiserum are shown 
i n F i g u r e 10. When the lower a c t i v i t y m a t e r i a l was 
used, we obtained a standard curve w i t h a 50% i n t e r c e p t 
at about 1.2 ng/ml. Using the higher s p e c i f i c a c t i v i t y 
i o d i n a t e d r a d i o l i g a n d , the second standard curve shown 
was generated. I t enabled us to o b t a i n a s e n s i t i v i t y 

Figure 9. Synthesis of 125I radioligand 
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Figure 10. Standard curves generated using 5'-iodo-k8-THC-125I of varying spe
cific activity 
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% CROSS REACTION WITH ANTISERUM TO 

STRUCTURE RADIOLIGAND USED 
BOUND 

Figure 11. Comparison of cross reactivity to A9-THC antiserum using tritiated 
and iodinated radioligands 
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of about 50 pg of A9-THC with a 50% intercept around 
400 pg. We have also examined the use of the iodinated 
radioligand with the antiserum prepared to 5'-carboxy-
A9-THC. The results of this are shown in Figure 11. 
Here we compare i n i t i a l data on cross reactions of an
t isera from the same rabbit using both the tr i t ium and 
iodine labeled material. In general, s imilar proper
ties were observed. It thus appears that iodinated 
material prepared in this manner may prove quite use
fu l in radioimmunoassay of cannabinoid compounds. In 
addition, we suggest that the approach used here may 
prove generally useful in radioimmunoassay methodology, 
for in principle many haptens can be converted in their 
iodo derivatives and undergo the exchange procedure 
used (12). 

These studies were conducted under Contract No. 
NOl-MH-1-0092 with the National Institute of Drug 
Abuse, NIH. 
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10 
Antisera Raised Against Tetrahydrocannabinol in the 

Radioimmunoassay of Cannabinoids 
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Surrey, United Kingdom 

P. L. WILLIAMS and A. C. MOFFAT 
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Berkshire, United Kingdom 

Radioimmunoassay (RIA), whether it is used for the 
measurement of peptides, steroids or drugs, has many 
attractions, particularly for the routine laboratory 
engaged in the analysis of large numbers of samples. 
The major attribute of RIA is its potential for the 
detection of picogram quantities of compound, often by 
direct analysis of untreated biological specimens. In 
the measurement of low molecular weight substances, 
such as drugs, RIA can provide results on many samples 
in a matter of hours. The use of automated procedures 
wi l l increase the speed of operation still further, as 
well as improving precision. The original RIA concept 
(1) was based on antibodies to a naturally immunogenic 
peptide (insulin) but it is possible to produce anti
bodies to any non-protein molecule by attachment to an 
immunogenic carrier molecule (2). Attention has turned 
recently to the development of RIA for drugs (3), par
ticularly those drugs given in low doses and requiring 
a sensitive detection system. 

Considerable progress has been made over the past 
decade in the measurement of drugs by RIA. The main 
reason for the advance in this application of the tech
nique is the improved development of the key reagents; 
antiserum and radioactive label. More effective meth-

0-8412-0488-8/79/47-098-155$05.00/0 
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ods have l e a d to the p r o d u c t i o n of higher s p e c i f i c 
a c t i v i t y t r i t i a t e d drugs, w i t h a concommitant i n c r e a s e 
i n assay s e n s i t i v i t y . L i q u i d s c i n t i l l a t i o n c ounting 
i s used f o r counting t r i t i u m . This type of l a b e l i n g 
p r o v i d e s a t r a c e r w i t h s i m i l a r antibody-combining 
p r o p e r t i e s to the n a t i v e drug and o b v i a t e s problems 
o f t e n encountered w i t h i o d i n a t e d drug d e r i v a t i v e , f o r 
example (4). 

Antiserum p r o p e r t i e s e x e r t the g r e a t e s t i n f l u e n c e 
on assay performance, both i n terms of s e n s i t i v i t y and 
s p e c i f i c i t y . I t i s u s u a l to aim f o r a h i g h a v i d i t y ; 
monospecific antibody present i n the serum a t h i g h 
t i t r e . Such a n t i b o d i e s w i l l b i n d antigen t i g h t l y r e 
s u l t i n g i n (1) s h o r t e r i n c u b a t i o n times, (2) minimal 
d i s t u r b a n c e i n antigen-antibody b i n d i n g d u r i n g phase 
s e p a r a t i o n of f r e e and antibody-bound f r a c t i o n s of 
a n t i g e n , and (3) th
w i t h standard p r e p a r a t i o n s
although not e s s e n t i a l , permits the establishment of 
assay c o n d i t i o n s and a n a l y s i s of l a r g e numbers of spe
cimens u s i n g the same reagents. The problem of a n t i 
serum s p e c i f i c i t y - the a b i l i t y to b i n d a s i n g l e com
pound i n the presence of many others - remains as y e t 
the unsolved mystery of RIA. S p e c i f i c i t y can be i n 
f l u e n c e d through the p o i n t of attachment of the a n t i 
gen to c a r r i e r p r o t e i n d u r i n g immunogen p r o d u c t i o n . 
Then, f o l l o w i n g L a n d s t e i n e r 1 s hypothesis (5), the a n t i 
bodies produced f o l l o w i n g immunization w i t h such a 
conjugate w i l l recognize t h a t p a r t of the antigen f u r 
t h e s t from i t s l i n k t o the c a r r i e r . However, even 
a f t e r strenuous e f f o r t s to produce a conjugate designed 
to e l i c i t s p e c i f i c a n t i b o d i e s , g e n e t i c v a r i a t i o n w i t h 
i n the groups of animals immunized s t i l l makes the 
r e s u l t u n c e r t a i n . 

Antibody Production 
Attempts to produce a n t i s e r a f o r use i n the s p e c i 

f i c measurement of THC by RIA (6-9) provide an example 
of the i n c o n s i s t e n c i e s i n the i n d u c t i o n of a n t i b o d i e s 
to s m a l l molecules. At the U n i v e r s i t y of Surrey sev
e r a l d i f f e r e n t THC-protein conjugates have been pro
duced u s i n g r e a c t i o n s i n v o l v i n g the p h e n o l i c hydroxy1 
group of THC. F i g u r e 1 l i s t s the products formed. 
Rabbits and sheep were immunized w i t h these conjugates. 
None of the r a b b i t s produced a n t i b o d i e s which bound 
3H-THC, but some sera d i d e x h i b i t b i n d i n g of r a d i o -
i o d i n a t e d THC-copolymer. This copolymer i s shown i n 
F i g u r e 2. This b i n d i n g was not i n h i b i t e d by standard 
THC but could be decreased w i t h unlabeled THC-polymer. 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



10. T E A L E E T AL. Antisera in Radioimmunoassay 157 

Figure 1. Conjugation reactions used in the production of THC-bovine serum 
albumin conjugates. Ptn is the symbol for the protein. 

I t would seem t h a t r a b b i t a n t i s e r a contained 
a n t i b o d i e s capable of r e c o g n i z i n g only THC d e r i v a t i z e d 
a t the h y d r o x y l . 

The same conjugates, when i n j e c t e d i n t o sheep, 
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THC-hemi succ inate-GLAT 

Figure 2. The hemisuccinate derivative of THC conjugated to a synthetic poly
mer (MW 30,000) of GLAT in the ratio 36:24:35:5 

d i d produce a n t i b o d i e s capable of b i n d i n g JH-THC. 
Table 1 shows the response t o each immunogen. Of the 
7 animals responding, o n l y 2 produced a n t i s e r a of suf
f i c i e n t t i t r e f o r p r a c t i c a l RIA use. On the b a s i s of 
these r e s u l t s , THC-protein conjugates would appear to 
be of low immunogenicity and other r e s e a r c h groups, 
u s i n g s i m i l a r methods, have r e p o r t e d the same c o n c l u 
sio n s . 

One sheep, immunized by int r a m u s c u l a r i n j e c t i o n 
of THC-hemisuccinate-albumin conjugate, produced our 
assay a n t i s e r a . F i g u r e 3 shows the v a r i a t i o n i n a n t i 
body t i t r e d u r i n g the immunization schedule. Using 
sera c o l l e c t e d a t peaks i n t i t r e , a RIA system has 
been developed. The c u r r e n t assay i s s e n s i t i v e t o 
50 picogram pure THC, corresponding to 1.5 ng/ml i n 
plasma and 1 ng/ml i n u r i n e . F i g u r e 4 shows a t y p i c a l 
standard curve c o r r e l a t i n g the percentage of 3n-THC 
antibody-bound w i t h the presence of i n c r e a s i n g amounts 
of pure THC. Assay methodology has been p u b l i s h e d i n 
d e t a i l (10). 

Although r a i s e d a g a i n s t THC, the assay antiserum 
i s not s p e c i f i c f o r t h a t compound, but binds s e v e r a l 
cannabinoids t o v a r y i n g degrees. An example of the 
u n p r e d i c t a b l e nature of antiserum s p e c i f i c i t y i s demon-
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TABLE 1 

Conjugate Immunogenicity in Sheep 

159 

THC D e r i v a t i v e Conjugated to BSA Number Responding 
Number Immunized 

Chlorocarbonate 2/3 
(1C l i n k through hydroxyl) 

Hemisuccinate 4/10 
(4C l i n k through hydroxyl) 

Hemiadipate 1/3 
(6C l i n k throug

Hemisebacate 
(10C l i n k through hydroxyl) 

Azo-PABA 0/5 
(Phenyl l i n k para t o hydroxyl) 

Mannich 0/1 
(1C l i n k para t o hydroxyl) 

A c i d 0/2 
(1C l i n k para to hydroxyl) 

V a l e r a t e 0/2 
(5C l i n k para to hydroxyl) 

T o t a l 7/29 (24%) 

s t r a t e d by Tables 2 and 3. Table 2 shows a comparison 
of the c r o s s - r e a c t i v i t y p a t t e r n s of two a n t i s e r a . 
Antiserum 133Y/30/9 was produced by us and R41/11 by 
Pr o f . M. C a i s , Department of Chemistry, Techhion I n s t i 
t u t e of Technology, H a i f a , I s r a e l . R41/11 was r a i s e d 
i n a r a b b i t a g a i n s t A 8 - T H C - l l - o i c a c i d conjugated to 
BSA and i s of high t i t r e . (This demonstrates t h a t 
i t i s p o s s i b l e to produce THC a n t i b o d i e s r e l a t i v e l y 
e a s i l y and i n s m a l l e r animal s p e c i e s ) . However, i n 
s p i t e of the use of d i f f e r e n t conjugates given to 
d i f f e r e n t animal s p e c i e s , the c r o s s - r e a c t i v i t y p a t t e r n s 
are almost i d e n t i c a l . Plasma samples from a cancer 
p a t i e n t under t h e r a p e u t i c THC treatment, were assayed 
w i t h the two a n t i s e r a and s i m i l a r r e s u l t s were ob
t a i n e d (Table 3 ) . Assay of u r i n e specimens from the 
same p a t i e n t , however, i n d i c a t e d lower l e v e l s (approx
i m a t e l y h a l f ) w i t h R41/11. 

From the r e s u l t s of the d i f f e r e n t r e search groups 
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ASSAY STANDARD CURVE FOR THC 

Antiserum final di lut ion: 1:2̂ 00 
Label: 260 pg 3H-THC 
Incubation medium: 0.1M phosphate buffer, 

pH 7.k. + 0,2% bovine γ - g l o b u l i n , 

I « . ι I 
0 50 100 200 500 

Amount of THC (pg) added to assay tube 

Figure 4. Standard curve constructed using the conditions shown. Displacement 
of 3H-THC from antibody binding sites by increasing amounts of THC in assay 

buffer is measured. 

throughout the w o r l d , t h e r e f o r e , i n f o r m a t i o n has accu
mulated on the immunogenic p r o p e r t i e s of v a r i o u s THC-
p r o t e i n conjugates. While antibody p r o d u c t i o n to THC 
can now be v i r t u a l l y guarenteed, the s p e c i f i c i t y of the 
product almost c e r t a i n l y w i l l not be r e s t r i c t e d to THC. 
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A p p l i c a t i o n s of RIA 
Although our RIA system i s not T H C - s p e c i f i c , i t i s 

s p e c i f i c f o r the 3-ringed cannabinoid nucleus and can 
be used as a s e n s i t i v e and r a p i d cannabinoid d e t e c t i o n 
system. This RIA system has been used f o r the measure
ment of THC c r o s s - r e a c t i n g cannabinoid (THC-CRC) l e v e l s 
i n 1002 u r i n e specimens c o l l e c t e d from v a r i o u s sources. 
For t h i s purpose the c r o s s - r e a c t i v i t y w i t h m e t a b o l i t e s 
i s b e n e f i c i a l s i n c e THC i s not excreted unchanged (11). 
F i g u r e 5 shows the number of samples from each source 
and the percentage p o s i t i v e i n each group. The 82 con
t r o l specimens were taken from h o s p i t a l i n - p a t i e n t s f o r 
r o u t i n e b i o c h e m i c a l analyses. The 740 samples r e c e i v e d 
f o r r o u t i n e drug a n a l y s i s a t a l o c a l h o s p i t a l d u r i n g 
the p e r i o d s December 1974 to February 1975 and May 1975 
and J u l y 1975 were
o r i g i n a t e d from tw
c l i n i c s (A and B) and two independent treatment centers 
(C and h o s t e l ) . A l s o i n c l u d e d were miscellaneous 
specimens from other sources, such as general medical 
departments, p s y c h i a t r i c c l i n i c s and general p r a c t i 
t i o n e r s ' s u r g e r i e s . In a d d i t i o n 172 specimens taken 
from new detainees a t a j u v e n i l e d e t e n t i o n center 
(subjects a r r i v i n g d i r e c t l y from home). 

TABLE 2 
Cross-reactivities of pure cannabinoids with two anti
sera raised against different THC-protein conjugates 

in different species. 

Antiserum 133Y/30/9 RM/11 

Species Sheep Rabbit 
0 

Immunogen 

(Ptn)NH-CO-(CHj 

Final titre 1:2400 1:18000 

Cannabinoid % cross-reactivity 

A9-THC 

11-hydroxy-A9-THC 

8,11-dihydroxy-A9-THC 

11-carbomethoxy-A8-THC 

1l-carboxy-A8-THC methyl ether 

Cannabi nol 

11-hydroxy-cannabi nol 

Cannabidiol 

150 

46 

160 

100 

66 

6.3 
3.2 

200 

100 

100 

2.0 

3.2 
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TABLE 3 

THC-CRC levels in plasma and urine specimens from a 
cancer patient undergoing therapeutic treatment with 
TEC. Levels were measured using the two antisera 

described in Table 2. 

Plasma samples THC-CRC (ng/ml) 
133Y/30/9 R41/11 

1 
2 
3 
4 
5 
6 
7 
8 

Urine samples 
1 
2 
3 

0 
176 
204 
320 
220 

160 

96 
492 
472 

0 
192 
196 
316 
228 

188 

56 
240 
304 

F i g u r e 5 shows t h a t none of the c o n t r o l specimens 
contained cannabinoids. Approximately 30% of s p e c i 
mens from h o s p i t a l treatment c l i n i c s were p o s i t i v e f o r 
THC-CRC, w h i l e 50-60% of the samples from independent 
c e n t e r s were p o s i t i v e . The in c i d e n c e of p o s i t i v e spe
cimens i n the miscellaneous group was lower (13%). 
Only 3 of the 172 d e t e n t i o n c enter samples contained 
THC-CRC and each inmate admitted subsequently t o hav
i n g smoked cannabis i n the 48 hours p r i o r t o h i s a r r i 
v a l a t the d e t e n t i o n c e n t e r . 

The 740 specimens r e c e i v e d f o r r o u t i n e drug analy
s i s were d i v i d e d i n t o groups according t o the l e v e l of 
THC-CRC det e c t e d . F i g u r e 6 shows the data p a t t e r n . 
Values of 10 yg/1 or l e s s were c l a s s e d as neg a t i v e . 
35% o f the specimens were p o s i t i v e and h a l f of these 
contained very high l e v e l s . 

The assay was a l s o used f o r the measurement of 
THC-CRC l e v e l s i n plasma and 24-hour u r i n e specimens 
c o l l e c t e d f o l l o w i n g the smoking of a c i g a r e t t e impreg
nated w i t h 5 mg pure THC by each of 4 v o l u n t e e r s (12). 
F i g u r e 7 shows the plasma l e v e l s detected i n each of 
the v o l u n t e e r s . As a comparison the plasma THC l e v e l 
i n a c a r d r i v e r f a t a l l y i n j u r e d i n a t r a f f i c a c c i d e n t 
(13) was measured. The d r i v e r ' s plasma l e v e l of 
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350 y g / l can be compared w i t h a peak value of 70 y g / l 
i n one v o l u n t e e r immediately a f t e r smoking when sub
j e c t i v e f e e l i n g s of m i l d euphoria were r e p o r t e d . Fig
ure 8 shows the u r i n a r y THC-CRC l e v e l s i n the v o l u n 
t e e r s . The d r i v e r was found t o have a u r i n a r y l e v e l 
of 1215 y g / l . 

% positive 
0 29 33 66 52 33 15 2 

0 hospital c l i n i c c l i n i c c l i n i c hostel hospital others detention 
in-patients A Β C psychiatric centre 

wa rd 

Figure 5. Proportion of urine samples positive for THC-CRC according to the 
origin of the sample. Hatched areas indicate positive THC-CRC specimens. 

The screening of post mortem specimens from other 
f a t a l l y i n j u r e d d r i v e r s , f o l l o w i n g the o r i g i n a l case, 
was undertaken w i t h the coopera t i o n of coroners and 
p a t h o l o g i s t s throughout England and Wales. Between 
J u l y 1976 and December 1976 blood samples from 50 cases 
were r e c e i v e d , 40 i n v o l v i n g c a r d r i v e r s and 10 motor
c y c l i s t s . The upper p a r t of F i g u r e 9 shows the s p e c i 
mens grouped according to the v i c t i m ' s age, and i n the 
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50 

25 

479 37 71 112 

0-10 10-20 20-50 50-100 >100 

Urinary THC-CRC ( μ ς / 1 ) 

Figure 6. THC-CRC in 740 urine specimens received for routine drug analysis 
from patients known or suspected to be taking drugs 

lower p a r t of the diagram the specimens have been 
grouped according t o the r e g i o n a l source. I t w i l l be 
noted t h a t 70% of the specimens came from s u b j e c t s un
der 30 years of age and t h a t n e a r l y h a l f came from one 
area of England. The samples were r e c e i v e d from a t o 
t a l of 24 d i f f e r e n t p a t h o l o g i s t s . The THC-CRC l e v e l s 
i n the 5 p o s i t i v e cases (2 of them being m o t o r c y c l i s t s ) 
f e l l w i t h i n a moderate 25-65 y g / l range, which c o u l d 
not be considered t o have exerted the same degree of 
i n t o x i c a t i o n and, t h e r e f o r e , i n f l u e n c e on d r i v i n g ca
p a b i l i t y as the very h i g h l e v e l s observed i n the o r i 
g i n a l case. The group of specimens analyzed cannot 
be considered r e p r e s e n t a t i v e f o r s e v e r a l reasons, be
cause only 7 cases were r e c e i v e d from the most h i g h l y 
populated area - the South East of England. However, 
the study c o n s t i t u t e s an example of RIA use i n 
e p i d e m i o l o g i c a l s t u d i e s . 
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Figure 7. Plasma THC-CRC in four healthy volunteers who began smoking a 
cigarette impregnated with 5 mg THC at zero time. Subjects 1 and 2 were ciga
rette smokers; subject 3, a cigar smoker; and subject 4, a pipe smoker. The level 

detected in a post mort en specimen from a car driver was 350 pg/L. 
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0-24 hr 24-48 hr 48 hr + 

Figure 8. Urinary THC-CRC in the same subjects described in Figure 7 

High Pressure L i q u i d Chromatography (HPLC) and RIA 
Work has r e c e n t l y been undertaken a t the Home 

O f f i c e C e n t r a l Research Establishment a t Aldermaston on 
a procedure f o r the s p e c i f i c measurement of THC and i t s 
m e t a b o l i t e s . F o l l o w i n g an i n i t i a l HPLC s e p a r a t i o n 
stage, the RIA i s used as a s e n s i t i v e q u a n t a t a t i v e 
method f o r scr e e n i n g column e l u a n t s . HPLC s e p a r a t i o n 
was performed on a rever s e phase column system - h i g h l y 
p o l a r compounds being e l u t e d f i r s t f o l l o w e d by sub
stances of decreasing p o l a r i t y . Methanol e x t r a c t s of 
plasma or hydrolyzed u r i n e samples were chromatographed. 

F i g u r e 10 shows chromatograms of a sample of 
u r i n e c o l l e c t e d from a r a b b i t f o l l o w i n g an intravenous 
dose of 100 yg 1 4C-THC. The u r i n e was subjected to 
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20 

10 

YÏ/M/M 

30L 

J 20 

15-19 20-24 25-29 30-34 35-39 40-44 45-49 50+ 
Age group 

YZZZZZw 
SE sw NW NE 

UK area 

Figure 9. Post mortem blood specimens from 50 drivers, received during July 
1976-December 1976 and 24 centers. (Upper) Specimens grouped according to 
the victims age. (Lower) Specimens grouped according to regional source. (SE 
= South East England; SW = South West; M = Midhnds; NW = North West; 
NE = North East; W = Wales). Hatched areas represent specimens positive 

for THC-CRC. 

a l k a l i n e h y d r o l y s i s before s e p a r a t i o n s i n c e cannabinoid 
compounds from untreated u r i n e were e l u t e d i n a s i n g l e 
peak c o n c u r r e n t l y w i t h h i g h l y p o l a r m a t e r i a l . In the 
diagram, the p l a i n l i n e r e presents the amount of r a d i o 
a c t i v i t y i n the column e l u e n t due to 1 4 C - l a b e l e d canna-
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20 40 60 
Elution volume (ml) 

Figure 10. Radiochromatogram and radioimmunochromatogram of THC me
tabolites in hydrolyzed rabbit urine. Urine was collected following an iv dose of 
100 ixg 14C-THC. Fractions collected from HPLC separation of hydrolyzed urine 
were screened for 14C radioactivity (plain lines) and THC-CRC (hatched peaks). 

The elution volume for pure CBN is indicated. 

b i n o i d s . The hatched peaks represent THC-CRC l e v e l s 
measured by the RIA. The l a s t peak of cannabinoids 
e l u t e d c o i n c i d e d w i t h the e l u t i o n volume o f pure canna-
b i n o l . 

THC and c r o s s - r e a c t i n g m e t a b o l i t e s were measured 
i n e x t r a c t s of plasma samples taken from a vo l u n t e e r 
at timed i n t e r v a l s a f t e r smoking 10 mg pure THC. F i g 
ure 11 shows the peaks of THC-CRC measured i n plasma 
samples taken before smoking and a t 2, 12, 24 and 34 
minutes a f t e r smoking. The c o n t r o l plasma specimen i s 
seen to c o n t a i n r e s i d u a l cannabinoids of high p o l a r i t y 
and these are probably due t o the previous use of 
cannabis by the vo l u n t e e r which was onl y r e v e a l e d a f 
t e r the r e s u l t s shown were obtained. In the samples 
taken a f t e r smoking, THC can be seen to decrease pro
g r e s s i v e l y and m e t a b o l i t e s of v a r i o u s p o l a r i t i e s i n 
crease and decrease over the time of sampling. The 
peak of high p o l a r i t y compounds remained r e l a t i v e l y 
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constant. A l s o i n c l u d e d i n the diagram are the e l u t i o n 
p o i n t s of samples of the few re f e r e n c e compounds a v a i l 
a ble i n a p u r i f i e d form. The e l u t i o n volumes i n each 
case were uncorrected f o r the volume o f sample a p p l i e d 
to the column. Therefore the f i r s t peaks e l u t e d show 
v a r i a t i o n i n e l u t i o n volume. 

Φ 
THC-n-OIC ACM) 

^ C8N^ 

M, 

R 34 minutes 

10 20 30 40 50 60 

E l u t i o n vo 1 unie (ml) 

Figure 11. Radioimmunochromatograms of plasma samples taken from a volun
teer before, and 2,12, 24, and 34 min after smoking 10 mg THC. Sample extracts 

of 1.5-6.0 mL were injected and the elution volumes are uncorrected. 

A u r i n e specimen, c o l l e c t e d from the same vol u n 
t e e r 60 minutes a f t e r smoking, was subjected to a l k a -
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l i n e h y d r o l y s i s . The h y d r o l y s a t e was chromatographed 
under d i f f e r e n t column c o n d i t i o n s to those used f o r the 
plasma analyses. F i g u r e 12 shows the r e s u l t a n t r a d i o -
immunochromatogram w i t h mainly 2 peaks of THC-CRC, 
the second peak being e l u t e d a t the e l u t i o n volume of 
pure ca n n a b i n o l . 

6r 

Figure 12. Radioimmunochromatogram of a urine sample taken from a volun
teer 60 min after smoking 10 mg THC. The urine was hydrolyzed before HPLC 

separation. The elution volume for CBN was 29 mL. 

The nature of most of the compounds separated 
from these samples i s unknown and t h i s emphasizes the 
advantage of a broad s p e c i f i c i t y antiserum i n the de
t e c t i o n o f u r i n a r y THC m e t a b o l i t e s . Indeed, none of 
the m e t a b o l i t e s (11-hydroxy-THC, 8,11-dihydroxy-THC 
and T H C - l l - o i c acid) known to c r o s s - r e a c t w i t h the RIA 
antiserum, are seen to be present i n the hydrolyzed 
u r i n e sample (Figure 12). These compounds as shown i n 
F i g u r e 11 have e l u t i o n volumes g r e a t e r than 40 ml. On 
the b a s i s of these r e s u l t s an RIA s p e c i f i c f o r these 
compounds would not have found any d e t e c t a b l e m a t e r i a l 
i n the u r i n e . To develop the combination of HPLC and 
RIA f u r t h e r , an antiserum e x h i b i t i n g complete c r o s s -
r e a c t i v i t y w i t h a l l m e t a b o l i t e s would be of g r e a t e s t 
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b e n e f i t . 
In summary, RIA has two a p p l i c a t i o n s i n the 

screening of plasma and u r i n e specimens f o r cannabis 
use. D i r e c t a n a l y s i s of a sample g i v e s an i n d i c a t i o n 
of the presence of cannabinoids on a s e m i - q u a n t i t a t i v e 
b a s i s . Q u a n t i t a t i o n may then be expanded f u r t h e r and 
more s p e c i f i c a l l y f o l l o w i n g HPLC s e p a r a t i o n . The 
i d e n t i f i c a t i o n of THC and i t s m e t a b o l i t e s i n estab
l i s h e d p a t t e r n s could form the b a s i s f o r an estimate 
of both the q u a n t i t y o f THC absorbed and the time of 
i n t a k e . 
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HPLC Analyses of Δ9-Tetrahydrocannabinol and 

11-Nor-Δ 9-tetrahydrocannabinol-9-carboxylic Acid in 

H u m a n Plasma 

JIMMIE L. VALENTINE1, OWEN H. M. GAN, H. C. ΝΙΟ, 
and EVERETT D. THOMPSON 
School of Pharmacy, Bio-Analytics Laboratory, 
University of Missouri—Kansas City  Kansas City  MO 64108 

Detection of marijuana use in humans has been a 
pressing need for law enforcement officials as well as 
forensic sc ient ists . Work performed in our labora
tories has centered pr inc ipa l ly around finding suita
ble techniques for identifying prior use of marijuana 
by analysis of various body f luids following marijuana 
smoking. A guiding axiom in initiation of this work 
was previous findings that Δ 9-tetrahydrocannabinol 
produced the psychotomimetic effects (2) as well as 
some of the observed physiological responses (3) f o l 
lowing marijuana smoking. Marijuana contains four 
constituents of similar structure: Δ 9-tetrahydro
cannabinol (I); cannabidiol (II); cannabinol (III); 
and cannabichrome (IV) which appear in varying quanti
ties depending upon the geographic or ig in of the mari
juana plant (4). Thus human body f luids would most 
l ike ly contain these constituents as well as possible 
metabolites of each. 

1 Current address: Dept. of Pharmacology, Schools of Medicine and Dentistry, Oral Roberts 
University, Tulsa, OK 74171. 
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III IV 

Metabolism of I in humans has been studied by 
several groups (5-8) with findings that 11-hydroxy-Δ9-
tetrahydrocannabinol (V) and l l -nor -Δ 9 - te t rahydrocanni -
binol-9-carboxylic acid (VI) are the pr incipal metabo
l i tes . 

These findings also indicated a need to have an analyt i 
cal technique for identifying V and/or VI in body 
fluids as evidence that I had been present. 

As the analyt ical technique for the assay work 
done in our laboratories, high pressure l iqu id chroma
tography (HPLC) was chosen. HPLC was chosen as the 
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primary séparatory technique based upon three reasons: 
1) speed of a n a l y s i s , 2) no need f o r d e r i v a t i z a t i o n , 
and 3) d e s t r u c t i v e p y r o l y t i c c o n d i t i o n s were not r e 
qu i r e d . The l a t t e r p o i n t was f e l t t o be p a r t i c u l a r l y 
p e r t i n e n t s i n c e Kephalas and co-workers (9) had found 
t h a t p y r o l y s i s of I I v i a smoking y i e l d e d I , I I I and 
Δ 9 - t e t r a h y d r o c a n n a b i n o l . 

In the present chapter a p r e s e n t a t i o n w i l l be made 
of the va r i o u s HPLC assay techniques employed i n our 
l a b o r a t o r y f o r a s s a y i n g I and VI i n human plasma w i t h a 
d i s c u s s i o n o f parameters attempted and methods d e v e l 
oped. 
HPLC ASSAY METHODS 

As d i s c u s s e d above
s t i t u e n t s ( v i z , I - I V
p r o p e r t i e s whereas the met a b o l i t e s are more p o l a r and 
i n the case of V and VI, more a c i d i c than I . Thus i t 
seemed p l a u s i b l e t h a t I-IV c o u l d be separated from V 
and VI i n plasma based upon pH adjustment and s o l v e n t 
e x t r a c t i o n p r o p e r t i e s . Compounds I-IV were found t o be 
e x t r a c t a b l e a t ambient pH of 7.4 usi n g petroleum ether 
whereas V and VI c o u l d be e x t r a c t e d a t pH 4.1 usin g 
99:1, benzene :i s o p r o p a n o l . Once the i n i t i a l plasma 
s e p a r a t i o n was e f f e c t e d a chromatographic s e p a r a t i o n 
was f e a s i b l e u s i n g normal phase c o n d i t i o n s f o r I-IV and 
reverse phase c o n d i t i o n s f o r V and VI . Each technique 
i s d e t a i l e d i n the f o l l o w i n g s e c t i o n s . 

NORMAL PHASE HPLC 

The major goals i n developing a s a t i s f a c t o r y nor
mal phase HPLC method f o r I-IV i n plasma were adequate 
r e s o l u t i o n from each other and endogenous plasma con
s t i t u e n t s , as w e l l as f i n d i n g a d e t e c t i o n method capa
b l e of p r o v i d i n g the r e q u i r e d s e n s i t i v i t y . F i g u r e 1 
i l l u s t r a t e s the f i r s t s u c c e s s f u l method devised i n our 
l a b o r a t o r y f o r s e p a r a t i n g the major cannabinoids when 
present i n human plasma. The s e p a r a t i o n technique 
employed a gr a d i e n t e l u t i o n program u s i n g heptane and 
methylene c h l o r i d e on a s i l i c a g e l column. The gr a 
d i e n t s t a r t e d a t 5% methylene c h l o r i d e i n heptane and 
proceeded t o 95% methylene c h l o r i d e over a 9 minute 
p e r i o d . The program was reversed, i . e . , from 5:95% 
to the i n i t i a l 95:5% heptane-methylene c h l o r i d e mix
t u r e , thereby r e g e n e r a t i n g the column. A s o l v e n t flow 
r a t e of 120 ml/hr. was used to o b t a i n optimum r e s o l u 
t i o n of the i n d i v i d u a l cannabinoids. D e t e c t i o n was 
accomplished u s i n g a spectrophotometer set a t 273.7 nm. 
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X B N 

A 9 T H C ^ \ / 
i f ^ - C B D 

7 6 5 4 
TIME IN MINUTES 

Figure 1. HPLC analysis of 1 mL human plasma from non-marijuana smokers 
to which 1.0 μg of II (CBD), 0.25 ^g of III (CBN), 1.0 μβ of I (A9-THC), and 0.25 
/xg of IV (CBC) were added. A gradient program (solid superimposed line) was 

used starting with 95:5, heptane:methylene chloride. 
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This wavelength was shown t o be the p o i n t of maximum 
ab s o r p t i o n f o r I using stop flow c o n d i t i o n s and UV 
scanning as I e l u t e d from the s i l i c a g e l column. The 
other cannabinoids ( i . e . , I I - I V ) were somewhat l e s s 
responsive a t t h i s wavelength. 

As noted i n F i g u r e 1, 1.0 yg of I i n 1 ml of human 
plasma gave a r e a d i l y d e t e c t a b l e s i g n a l . Subsequent 
work demonstrated t h a t 100 ng/ml of I was d e t e c t a b l e 
but not q u a n t i f i a b l e i n a r e p r o d u c i b l e manner. Since 
other workers (3,10-12) had p r e v i o u s l y shewn human 
plasma l e v e l s of I to be l e s s than 100 ng/ml s h o r t l y 
a f t e r marijuana smoking, i t was obvious t h a t a wave
length of 273.7 nm was l e s s than s a t i s f a c t o r y f o r the 
r e q u i r e d s e n s i t i v i t y . 

As one s o l u t i o n t o the needed s e n s i t i v i t y , mass 
spectrometry (MS) wa  used  Thi  p r e v i o u s l  d e s c r i b e d 
technique (13) u t i l i z e
(d3~I) as the i n t e r n a l standard. Since both I and d3~I 
e l u t e d from the HPLC column simultaneously i t was pos
s i b l e to detect t h e i r presence a t 273.7 nm as a r e s u l t 
of 1.6 yg/ml of d3~I having been added t o each sample. 
C o l l e c t i o n of the f r a c t i o n c o n t a i n i n g both I and d3~I 
as i t e l u t e d from the HPLC column was f o l l o w e d by MS 
q u a n t i f i c a t i o n u s i n g an a l t e r n a t i n g i o n event c o u n t i n g 
technique (13,14). Use of t h i s technique on plasma 
from eleven marijuana smokers gave r e s u l t s which were 
comparable t o other workers f i n d i n g s (3,10-12) and the 
average plasma l e v e l curve thus obtained i s given i n 
Fig u r e 2. 

Although the HPLC-MS method was demonstrated to be 
accurate and p r e c i s e , as w e l l as s p e c i f i c f o r I i n p l a s 
ma, the method was not amenable t o low sample c o s t or 
r a p i d i t y of p r o c e s s i n g . For example, approximately two 
hours were r e q u i r e d t o process one sample a t a c o s t of 
$80.0 0 per sample. These f a c t s prompted a search f o r a 
more expedient and l e s s expensive assay method. 

An e a r l i e r study on the u l t r a v i o l e t a b s o r p t i o n 
p r o p e r t i e s of the cannabinoids performed i n our l a b o r a 
t o r y gave reason t o p r e d i c t t h a t HPLC-UV a n a l y s i s of 
these compounds might be f e a s i b l e . As shown i n F i g u r e 
3, t h i s reassessment of u l t r a v i o l e t s p e c t r a l p r o p e r t i e s 
of I-IV c l e a r l y demonstrated a preponderance of absorp
t i o n c h a r a c t e r i s t i c s of I a t 212 nm as c o n t r a s t e d t o 
2 73.7 nm used i n our e a r l i e r work. L i t e r a t u r e values 
had been r e p o r t e d f o r a b s o r p t i o n p a t t e r n s of I (15), 
I I (16), I I I (16), and IV (17) a t higher wavelengths 
but not i n the r e g i o n of 200-240 nm. Exact determina
t i o n s of e x t i n c t i o n c o e f f i c i e n t s f o r these compounds 
i n methyl a l c o h o l as given i n Table I , exemplify these 
p r o p e r t i e s . S i n c e , as was di s c u s s e d above, 100 ng/ml 
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24 

Figure 2. Average plasma level of I found in 11 human male subjects following 
smoking of a marijuana cigarette containing 10.8 mg of I. Vertical bars below 
each data point indicate the standard deviation for the set at each time interval. 
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Figure 3. UV-absorption curves for the major cannabinoids: ( ), I (A9-THC); 
( Il (CBD); ( III (CBN); ( IV (CBC); (·--), methyl alcohol 

used as solvent. 
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of I i n plasma c o u l d be detected a t 273.7 nm, i t seemed 
reasonable to a n t i c i p a t e a lower d e t e c t i o n l i m i t of 2-5 
ng/ml f o r I using 209 nm d e t e c t i o n . S i m i l a r reasoning 
seemed to be a p p l i c a b l e t o VI. For I , t h i s degree of 
s e n s i t i v i t y would be adequate f o r m onitoring plasma 
l e v e l s f o l l o w i n g marijuana smoking, c f . F i g u r e 2. 

One major o b s t a c l e t o e f f e c t i v e use of UV monitor
ing of HPLC e f f l u e n t i n the range of 200-220 nm was s o l 
vent i n c o m p a t i b i l i t y . Two types of i n c o m p a t i b i l i t i e s 
were noted: 1) i m p u r i t i e s i n the s o l v e n t ; 2) s o l 
vent f u n c t i o n a l group absorbance, i . e . UV c u t o f f . The 
former i n c o m p a t i b i l i t y was e a s i l y overcome by using 
high q u a l i t y s o l v e n t s from the same l o t . S o l v e n t func
t i o n a l group absorbance proved to be the more d i f f i c u l t 
of the two i n c o m p a t i b i l i t i e s . 

Our e a r l i e r wor
had demonstrated th
e l e c t r i c constant, i . e . methylene c h l o r i d e , t o e f f e c 
t i v e l y e l u t e the cannabinoids. Methylene c h l o r i d e 
c o u l d not be used a t 209 nm due to i t s UV c u t o f f a t 
2 30 nm. The other p a r t n e r i n the e a r l i e r used g r a d i e n t 
program, heptane, was compatible w i t h use f o r lower 
wavelength monitoring because of i t s 2 00 nm c u t o f f . 
Yet heptane by i t s e l f was not p o l a r enough t o e l u t e the 
cannabinoids from the s i l i c a g e l column. To accomplish 
e l u t i o n and sep a r a t i o n of the cannabinoids, v a r y i n g 
percentages of i s o p r o p y l a l c o h o l (UV c u t o f f of 210 nm) 
was added to heptane. In g e n e r a l , the percentages used 
were l e s s than 3%. I n i t i a l r e s o l u t i o n and r e t e n t i o n 
times f o r I-IV were s a t i s f a c t o r y using 3% iso p r o p a n o l 
i n heptane and i s o c r a t i c c o n d i t i o n s . However, w i t h i n 
a few weeks of continuous a n a l y s i s using these c o n d i 
t i o n s , both r e s o l u t i o n and r e t e n t i o n times of these 
cannabinoids changed and became u n s a t i s f a c t o r y f o r use 
i n an assay method. Presumably t h i s change i n r e s o l u 
t i o n of the s i l i c a g e l column was due to hydrogen bond
ing of i s o p r o p y l a l c o h o l t o the a c t i v e s i t e s s i n c e r e 
moval of i s o p r o p y l a l c o h o l from the mobile phase and 
continued e l u t i o n w i t h heptane over approximately two 
days would r e s t o r e some r e s o l u t i o n c h a r a c t e r i s t i c s . 

For the above reasons, 1,4-dioxane (UV c u t o f f o f 
220 nm) was s u b s t i t u t e d f o r i s o p r o p y l a l c o h o l i n the 
mobile phase. An i s o c r a t i c system c o n s i s t i n g of 0.4% 
1,4-dioxane i n heptane, flow r a t e of 120 ml/hr, a 10 
micron s i l i c a g e l column, and monitoring a t 20 9 nm, 
proved to be s a t i s f a c t o r y f o r s e p a r a t i n g I-IV. With 
t h i s system 20 ng of I c o u l d be a c c u r a t e l y q u a n t i t a t e d 
but l e v e l s lower than t h a t became a problem due to a 
poor s i g n a l to noise r a t i o . This poor s i g n a l to n o i s e 
r a t i o was apparently due to the 220 nm c u t o f f of 1,4-
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dioxane. To overcome t h i s problem a mobile phase s p l i t 
t e r was d e v i s e d such t h a t mobile phase from the pump 
entered a b i f u r c a t i o n and was e q u a l l y s p l i t i n t o 10 
micron s i l i c a g e l columns. One column was connected to 
a f l o w c e l l i n the sample beam and the o t h e r column t o 
a flow c e l l i n the reference beam of a dual beam spec
trophotometer. The analyzed sample was i n j e c t e d onto 
the column a t t a c h e d to the f l o w c e l l i n the sample beam. 
This m o d i f i e d d e t e c t i o n system achieved the o r i g i n a l 
g oal of reducing s i g n a l t o n o i s e r a t i o and p e r m i t t e d 
d e t e c t i o n of 2 ng of I . However, the low d e t e c t i o n 
l i m i t was of i t s e l f not adequate s i n c e l a t e r work us i n g 
human plasma known t o be f r e e of I demonstrated an endo
genous c o n s t i t u e n t of i d e n t i c a l r e t e n t i o n time. 
E f f o r t s to separate t h i s endogenous c o n s t i t u e n t by mo
b i l e phase a l t e r a t i o n s ( i . e  changing percentages of 
1,4-dioxane), f l o w r a t e
to be unproductive. 

As an a l t e r n a t e approach t o s e p a r a t i n g these can
nabinoids from endogenous plasma c o n s t i t u e n t s , some 
bonded phase columns operated i n a normal phase mode 
were i n v e s t i g a t e d . P r i o r experience i n our l a b o r a t o r y 
(13) had demonstrated the d e p e n d a b i l i t y of s i l i c a g e l 
when used to process numerous plasma samples. That i s , 
r e s o l u t i o n was u n a f f e c t e d by the numerous endogenous 
plasma c o n s t i t u e n t s c o n t i n u a l l y p l a c e d on the column. 
The same type of experience w i t h bonded-phase columns 
was u n a v a i l a b l e and thus i s became important t o e x p l o r e 
plasma analyses w i t h these types of columns. I n i t i a l 
work was begun w i t h a 10 micron a l k y l n i t r i l e column. 
Based upon the experience w i t h mobile phase s o l v e n t s 
u s i n g a s i l i c a g e l column, heptane which contained 
sm a l l percentages of e i t h e r i s o p r o p y l a l c o h o l or 1,4-
dioxane was used. E v e n t u a l l y a mobile phase c o n t a i n i n g 
0.3% i s o p r o p y l a l c o h o l was s e l e c t e d as the optimum 
e l u t i o n mixture. This s e l e c t i o n was based on the f a c t 
t h a t r e s o l u t i o n of the i n d i v i d u a l cannabinoids was un
a f f e c t e d over a prolonged p e r i o d of time and p e r m i t t e d 
g r e a t e r s e n s i t i v i t y f o r I . Small percentages of 1,4-
dioxane produced higher pressure requirements i n a d d i 
t i o n to a f f e c t i n g d e t e c t i o n s e n s i t i v i t y of I by v i r t u e 
of g r e a t e r b a s e l i n e n o i s e . 

Although 0.3% i s o p r o p y l a l c o h o l i n heptane u s i n g 
an i s o c r a t i c mode on the a l k y l n i t r i l e column was ex
c e l l e n t f o r s e p a r a t i n g i n d i v i d u a l cannabinoids i t 
proved t o be of l i t t l e value f o r r e s o l v i n g I from one 
endogenous c o n s t i t u e n t i n human plasma. F i g u r e 4 i s 
a t y p i c a l chromatogram of human plasma which i s free of 
I and superimposed upon i t i s the chromatogram of the 
same plasma t o which I has been added. As noted i n 
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Figure 4. HPLC analysis of ( ), human plasma from a non-marijuana smoker 
compared to ( ), the same plasma to which VIII (&9>n-THC) and I (A9-THC) 
have been added. Mobile phase of 0.3% isopropyl alcohol in heptane used on an 

alkylnitrile column. 
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t h i s f i g u r e the endogenous c o n s t i t u e n t i s s m a l l but 
would o b v i o u s l y i n t e r f e r e w i t h d e t e c t i o n or q u a n t i f i c a 
t i o n of I . Again as we experienced e a r l i e r , m o d i f i c a 
t i o n of HPLC c o n d i t i o n s d i d not produce the r e q u i r e d 
r e s o l u t i o n . 

Our experience w i t h the non-separation of I from 
an endogenous plasma c o n s t i t u e n t had a l s o been exper
ienced by A g u r e l l , e t a l . (10). As an expedient s o l u 
t i o n to t h i s problem, a Sephadex LH-20 column clean-up 
procedure as had been used by A g u r e l l and h i s co-workers 
was employed. The only c o n d i t i o n changed was the e l u t 
i n g s o l v e n t combination used, 10:10:1, methylene c h l o 
r i d e : heptane : ethanol . For t h i s procedure, 1 ml of blood 
plasma to which i n t e r n a l standard ( d i f f e r e n t c h o i c e s 
are d i s c u s s e d l a t e r ) had been added, was e x t r a c t e d w i t h 
petroleum e t h e r , concentrated and p l a c e d on a Sephadex 
LH-20 column. Usin
f i r s t 14 ml of e l u a n
l e c t e d f o r HPLC a n a l y s i s using the a l k y l n i t r i l e column 
and c o n d i t i o n s d i s c u s s e d above. This method of plasma 
clean-up u s i n g Sephadex LH-20 f o l l o w e d by HPLC a n a l y s i s 
proved to be q u i t e good as evidenced by area r a t i o of 
I to i n t e r n a l standard as shown i n Table I I . A l l data 
shown i n t h i s t a b l e was obtained by u s i n g the same 
Sephadex LH-20 column. The major disadvantage was the 
slow flow r a t e of the Sephadex column became the l i m i t 
i n g f a c t o r such t h a t only two samples per day c o u l d be 
processed through t h i s clean-up column. 

An obvious s o l u t i o n t o the slowness of Sephadex 
clean-up appeared to be the use of many d i f f e r e n t c o l 
umns. To t e s t the accuracy of t h i s type procedure an 
experiment was designed which used two d i f f e r e n t Sepha
dex columns. One column, l a b e l e d A, which was the same 
one used to o b t a i n data given i n Table I I , was compared 
to a second column l a b e l e d B. The packing of Column 
A and Β was done i n an i d e n t i c a l manner. Plasma from 
two d i f f e r e n t s u b j e c t s who had smoked marijuana was 
analyzed and compared t o r e s u l t s f o r t h a t same sample 
obtained using the HPLC-MS technique (13). As shown 
i n Table I I I , plasma samples from s u b j e c t T.V. were 
processed through column A whereas samples from s u b j e c t 
R.B. were processed through column B. A standard curve 
was obtained f o r each Sephadex column by p r o c e s s i n g 
plasma from l a b o r a t o r y workers, known to be f r e e of 
marijuana, to which had been added 2, 5, 10, 20/and 30 
ng/ml of I . The samples were a l t e r n a t e d such t h a t a 
standard was processed f o l l o w e d by a s u b j e c t ' s plasma, 
e t c . , u n t i l a l l samples had been processed. A t o t a l of 
4.5 days was r e q u i r e d to process a l l the samples through 
Sephadex columns. However, a l l samples were processed 
by HPLC on the same day. 
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As noted i n Table I I I , r e s u l t s from column A are i n 
q u i t e good agreement w i t h the refe r e n c e method, whereas 
those obtained on column Β are i n c o n s i s t e n t a t two time 
i n t e r v a l s . These r e s u l t s p o i n t e d out one of the major 
problems w i t h p r o c e s s i n g samples through d i f f e r e n t 
Sephadex columns which can be a t t r i b u t e d i n p a r t t o 
v a r a b i l i t y i n flow r a t e as a f u n c t i o n of column head 
pressure. These r e s u l t s i n d i c a t e t h a t a p r a c t i c a l assay 
can be achieved only i f one column i s used or a l t e r 
n a t e l y , c a r e f u l l y c o n t r o l l i n g f low r a t e changes due to 
ambient pressure changes. 

Not s p e c i f i c a l l y covered i n the pre v i o u s d i s c u s s i o n 
was the search f o r an a p p r o p r i a t e i n t e r n a l standard. 
Four d i f f e r e n t compounds
Δ9'11-tetrahydrocannabino
(IX ) , and c y c l o p e n t y l d i m e t h y l h e p t y l p y r a n (X) were a l l 
evaluated as i n t e r n a l standards. Of these compounds, 
IX proved t o be best f o r the Sephadex-HPLC method. 
Even though IX has the p o s s i b i l i t y of a number of i s o 
meric forms, i t gave only one peak upon HPLC a n a l y s i s . 
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P a r t i a l success with Sephadex LH-20 p r i o r c l e a n 
up of plasma prompted the examination of other tech
niques which might remove endogenous plasma constituents 
known to i n t e r f e r e with the HPLC assay. One such tech
nique was to explore e x t r a c t i n g solvents other than 
petroleum ether. For example, benzene, heptane, and 
e t h y l acetate e i t h e r s i n g l y or mixed with small percen
tages of isopropyl a l c o h o l gave r e s u l t s comparable to 
petroleum ether alone. In a d d i t i o n two d i f f e r e n t pro
t e i n p r e c i p i t a t i o n techniques were in v e s t i g a t e d . A 
1:1 r a t i o of methanol or 5% aqueous t r i c h l o r o a c e t i c 
a c i d when added to plasma produced a p r e c i p i t a t e which 
was removed by c e n t r i f u g a t i o n . The r e s u l t a n t superna
tant f l u i d was adjusted to pH 7.4 and extracted with 
petroleum ether. Wit
found i n t h i s supernat
versely, i f the p r e c i p i t a t e was resuspended i n water 
and extracted with petroleum ether the r e s u l t i n g HPLC 
chromatogram was very s i m i l a r to that obtained with a 
simple petroleum ether extract. This f i n d i n g supported 
previous work (18) that I i s l a r g e l y p r o t e i n bound. 

Another approach to preparatory clean-up was 
attempted using a Sephadex LH-20 column attached d i r e c t 
ly to the a l k y l n i t r i l e column. This column was pre
pared by s l u r r i n g a mixture of Sephadex LH-20 with 100 
micron s i l y l a t e d glass beads in heptane and pouring t h i s 
mixture into a 5 cm χ 0.15 cm s t a i n l e s s s t e e l HPLC 
column. Although t h i s pre-column d i d improve the reso
l u t i o n of I from the i n t e r f e r i n g endogenous plasma con
s t i t u e n t , i t was not judged as being optimal. Yet i t 
was quite apparent that some type of tandem column might 
have d i s t i n c t advantages. This type of reasoning l e d 
ult i m a t e l y to use of tandem a l k y l a m i n e - a l k y l n i t r i l e 
columns. The order of the columns was found not to be 
c r i t i c a l even though the r e s u l t shown i n Figure 5 was 
obtained using the alkylamine column p r i o r to the 
a l k y l n i t r i l e column. With t h i s column combination i t 
was found that VIII was a better i n t e r n a l standard due 
to a retention time c l o s e r to I yet s u f f i c i e n t l y 
separated from other cannabinoids and endogenous p l a s 
ma c o n s t i t u e n t s . Worthy of note i n Figure 5 i s the 
r e s o l u t i o n obtained between I and the endogenous p l a s 
ma constituent which had been a major problem i n the 
aforementioned assays. This r e s o l u t i o n was found to be 
optimum i f 0.6% isopropanol i n heptane as the mobile 
phase with a flow rate of 60 ml/hr was used. Table IV 
summarizes the d i f f e r e n t percentages of isopropanol 
used i n the development. The o v e r a l l r e s o l u t i o n was 
better i n t h i s tandem column but s e n s i t i v i t y was not 
quite as good as had been observed with the a l k y l n i t r i l e 
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0 1 2 3 4 5 6 7 8 9 10 11 12 

Time in Minutes 

Figure 5. HPLC analysis of human plasma from a marijuana smoker to which 
VIII (A9'11-THC) has been added as internal standard. Mobile phase of 0.6% 
isopropyl alcohol in heptane used on a tandem alkylamine-alkylnitrile column 

with a flow rate of 60 mL/hr. 
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column alone. Whereas the a l k y l n i t r i l e column method 
permitted 5 ng/ml determinations, the a l k y l a m i n e - a l k y l -
n i t r i l e method allowed only 10 ng/ml determinations. 
I f however, d e t e c t i o n was the o b j e c t i v e , 5 ng/ml l i m i t 
was p r a c t i c a l i n the tandem method. As w i t h the other 
HPLC techniques, t h i s method was compared to the r e f e r 
ence HPLC-MS technique. Table V g i v e s data obtained on 
plasma from a marijuana smoker u s i n g both methods. The 
only notable v a r i a n c e between the two methods occurred 
w i t h the two hour sample which was r e c e i v e d by our 
la b o r a t o r y i n a broken tube. 

Work a t present continues i n our l a b o r a t o r y u sing 
t h i s l a t t e r method. More experience i s needed w i t h the 
tandem column combinatio
the proven HPLC-MS technique
the tandem column has shown t h a t accurate and p r e c i s e 
data can be obtained on f r e s h l y obtained plasma or p l a s 
ma which has only been r e f r o z e n once. Upon repeated 
thawing and r e f r e e z i n g of the sample, values of I be
come u n r e l i a b l e . Presumably t h i s i s due to appearance 
of an endogenous substance w i t h a r e t e n t i o n time s i m i 
l a r to I . Further work w i l l be necessary t o f u l l y 
e x p l a i n t h i s phenomenon. 

REVERSE PHASE HPLC 

As d i s c u s s e d e a r l i e r , I has two p r i n c i p a l meta
b o l i t e s i n plasma, v i z . , V and VI . S t u d i e s by W a l l , e t 
a l . (19,20) had demonstrated t h a t n o r - a c i d VI occurs 
i n somewhat l a r g e r amounts than V i n human plasma but 
both i n smal l e r amounts than I . Since as was shown i n 
Table I , VI has a gr e a t e r molar a b s o r b i v i t y than V a t 
209 nm, i t was apparent t h a t assay of VI by HPLC would 
have the g r e a t e s t chance f o r success s i n c e i t s absorp
t i v i t y was s l i g h t l y g r e a t e r than I . 

I n i t i a l work on the assay f o r t h i s m e t a b o l i t e us
ing normal phase HPLC as was developed f o r I was im
p r a c t i c a l due to the p o l a r nature of VI. Using such 
systems r e s u l t e d i n long a n a l y s i s time, broad e l u t i n g 
bands, as w e l l as poor s e n s i t i v i t y f o r the p o l a r meta
b o l i t e . These f i n d i n g s l e d then to an i n v e s t i g a t i o n of 
reverse-phase HPLC f o r a n a l y s i s of t h i s m e t a b o l i t e . 
The f i r s t type of HPLC column i n v e s t i g a t e d was a p o l y 
meric o c t a d e c y l s i l a n e column. A number of d i f f e r e n t 
mobile phase systems were examined as shown i n Table VI. 
For these i s o c r a t i c s t u d i e s a flow r a t e o f 40 ml/hr and 
100 ng of VI i n mobile phase as the a n a l y t e was used. 
As noted i n t h i s data, w a t e r r a c e t o n i t r i l e seemed to 
o f f e r g r e a t e s t promise as a p o t e n t i a l mobile phase due 
to the g r e a t e r observed s e n s i t i v i t y . However, the 
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short r e t e n t i o n time placed VI on the t r a i l i n g edge of 
endogenous substances found i n plasma and made accurate 
q u a n t i f i c a t i o n d i f f i c u l t . 

The most s a t i s f a c t o r y HPLC conditions for a n a l y s i s 
of VI was u l t i m a t e l y achieved using a phenyl-bonded 
phase column i n the reverse phase mode. Based upon the 
experience described above fo r polymeric o c t a d e c y l s i -
lane, w a t e r : a c e t o n i t r i l e was e x c l u s i v e l y used as mobile 
phase i n the development work. 

To achieve adequate r e s o l u t i o n and s e n s i t i v i t y f o r 
VI from endogenous blood plasma con s t i t u e n t s , a gra
dient HPLC program was employed. The program s t a r t s at 
60:40, water : a c e t o n i t r i l e f o r 3 minutes and then i s i n 
creased to 40: 60 , wate  : a c e t o n i t r i l  2 minut
period, held at tha
to 60:40, w a t e r : a c e t o n i t r i l  period
Using t h i s HPLC gradient program, VI i s e l u t e d a t 2.7 
minutes as shown i n Figure 6. As noted i n t h i s f i g u r e , 
VI i s e l u t e d during the i s o c r a t i c portion of the HPLC 
program. The major purpose of the gradient program i s 
to c l e a r the endogenous blood plasma compounds so that 
the o v e r a l l a n a l y s i s time i s reduced. Although not 
shown i n Figure 6, V elutes a t 3.4 minutes. 

Once the proper HPLC conditions were achieved f o r 
VI, a study was conducted to determine which pH and ex
t r a c t i o n solvent would be optimum. For t h i s study 100 
ng of VI was added to 1 ml of plasma taken from labora
tory workers known to be free of marijuana. Each p l a s 
ma was run i n t r i p l i c a t e using pH and e x t r a c t i o n condi
tions shown i n Table VII. As a r e s u l t of these studies, 
a pH of 4 and benzene containing 1.5% isopropanol was 
used as the e x t r a c t i n g conditions f o r a n a l y s i s of VI 
since t h i s pH gave c o n s i s t e n t l y b e t t e r appearing chro
ma tograms than d i d pH 2.5. 

The r e l a t i v e amount of UV recovered was determined 
by comparing t o t a l area of the peak with that of a 100 
ng sample placed d i r e c t l y on the instrument. 
This e x t r a c t i o n study d i d however, point out a poten
t i a l problem with reverse phase a n a l y s i s . D i r e c t ex
t r a c t i o n of plasma with benzene-isopropanol at pH 4 
followed by HPLC an a l y s i s produced increasing pressures, 
losses i n r e s o l u t i o n and s e n s i t i v i t y i n a short period 
of time. Further work demonstrated that t h i s e f f e c t 
was r e l a t e d to l i p o i d a l material i n plasma. A pre
liminary e x t r a c t i o n with petroleum ether a t ambient pH 
p r i o r to a c i d i f y i n g and e x t r a c t i n g with benzene-iso
propanol a l l e v i a t e d t h i s problem. 

Once the e x t r a c t i n g and HPLC conditions were worked 
out the method was evaluated i n plasma of a marijuana 
smoker. 
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Figure 6. HPLC analysis of human plasma from a non-marijuana smoker to 
which 100 ng/mL of VI has been added. A gradient (superimposed with dashed 
line) beginning with 60:40, water .acetonitrile was used on a phenyl-bonded phase 

column. 
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Table V I I I g i v e s values determined f o r both I and VI i n 
t h i s smoker. The most apparent f e a t u r e of t h i s data i s 
the h i g h l e v e l s of VI as compared t o I . 

TABLE VIII 

Comparison of Plasma Levels of 
I and VI in a Marijuana Smokera 

,ml pound 

Time (hrs) 1° VI 

o c 0.4 300 
0.25 
0.5 
1.0 14.8 3000 
2.0 10.7 1480 
3.0 2.4 2040 
4.0 6.2 1900 

12.0 5.8 2650 
24.0 2.5 1920 

a M a r i j u a n a c i g a r e t t e contained 10.8 mg of I . 
^Determined by HPLC-MS method. 
cSample taken p r i o r t o marijuana smoking. 

Two exp l a n a t i o n s c o u l d be o f f e r e d to e x p l a i n the ob
served values of VI. The f i r s t i s based on the obser
v a t i o n (21) t h a t I i s l a r g e l y metabolized d u r i n g the 
f i r s t pass through the l i v e r . Second, i s the presence 
of some other substance w i t h a r e t e n t i o n time i d e n t i c a l 
to t h a t of V I . The l a t t e r e x p l a n a t i o n c o u l d c e r t a i n l y 
be p l a u s i b l e s i n c e a c i d m e t a b o l i t e s of I I and I I I would 
be a n t i c i p a t e d to giv e r e t e n t i o n times s i m i l a r t o V I . 
Work w i l l continue i n our l a b o r a t o r y i n an attempt t o 
e l u c i d a t e the c o r r e c t answer. 

To improve on the p r e c i s i o n and accuracy of the 
assay f o r V I , a search was begun t o f i n d an a p p r o p r i a t e 
i n t e r n a l standard. S i n c e no s y n t h e t i c analogs of VI 
or o t h e r c a n n a b i n o i d - l i k e a c i d s were a v a i l a b l e when 
t h i s work was i n i t i a t e d , a number of r e a d i l y a v a i l a b l e 
compounds which would not f r e q u e n t l y appear i n plasma 
were evaluated. Most of these were s e l e c t e d based upon 
t h e i r a c i d p r o p e r t i e s as i s apparent i n Table IX which 
l i s t s the compounds s t u d i e d . As shown, most of the 
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more a c i d i c phenol-type compounds were unretained u s i n g 
the HPLC reverse phase method. Only when more hydro
carbon c h a r a c t e r i s t i c s were added to the phenols d i d 
r e t e n t i o n of the compounds become more apparent, f o r 
example the biphenylphenols. When the r e t e n t i o n time 
of V I , v i z . , 2.7 minutes, i s compared to those com
pounds s t u d i e d i t i s obvious t h a t VI would be c l a s s i f i e d 
as an intermediate a c i d . T h i s f i n d i n g was used i n p a r t 
to s e l e c t the pH 4 e x t r a c t i n g c o n d i t i o n s d i s c u s s e d 
e a r l i e r . A l s o as noted i n Table IX, b e n z y l b i p h e n y l was 
the only compound found which, based upon r e t e n t i o n 
time, appeared acceptable as an i n t e r n a l standard. Sub
sequent work demonstrated t h a t b e n z y l b i p h e n y l was not 
completely s a t i s f a c t o r y as an i n t e r n a l standard s i n c e 
the petroleum ether e x t r a c t r e q u i r e d t o remove l i p i d s 
a l s o l a r g e l y e x t r a c t e
e x t r a c t i o n of i n t e r n a
b e n z y l b i p h e n y l a f t e r the p r e l i m i n a r y e x t r a c t i o n w i t h 
petroleum e t h e r . This method was not adequate s i n c e 
there was no c o n t r o l of VI los s e s d u r i n g the p r e l i m i n a r y 
e x t r a c t i o n . 

TABLE IX 

Compounds Investigated as Internal Standard for Assay 
of 11-Nor-Δ9-tetrahydrocannabinol-9-carboxylie acid 

Compound Retention Time Comments 
( min) 

2.3- dihydroxybenzoic a c i d 1.2 a 
2.4- dihydroxybenzoic a c i d 1.2 a 
2,6-dihydroxybenzoic a c i d 1.2 a 
3.4- dihydroxybenzoic a c i d 1.2 a 
3.5- dihydroxybenzoic a c i d 1.2 a 
4,4'-biphenol 1.2 a 
c a t e c h o l 1.2 a 
cis-p-hydroxycinnamic a c i d · 1.2 a 
cis-m-hydroxycinnamic a c i d 1.2 a 
cis-o-hydroxycinnamic a c i d 1.2 a 
p y r o g a l l o l 1.2 a 
r e s o r c i n o l 1.2 a 
syringaldehyde 1.2 a 
s y r i n g i c a c i d 1.2 a 
xanthy d r o l 1.2 a 
o l i v e t o l 1.2 a 
acetohexamide 1.2 a 
cinchophene 1.2 a 
v a n i l l i n 1.2 a 
o - v a n i l l i n 1.2 a 
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TABLE IX (Con ft) 

Compound Retention Time Comments 
( min) 

mephenytoin 1.2 a 
p - h y d r o x y b e n z a l d e h y d e 1.2 a 
4-hydroxycoumarin 1.2 a 
7-hydroxycoumarin 1.2 a 
b i p h e n o l 1.2 a 
2 - b i p h e n y l c a r b o x y l i c a c i d 1.2 a 
4 - b i p h e n y l c a r b o x y l i c a c i d 1.2 a 
4 - p h e n y l p h e n o l 1.4 b 
1- n a p h t h o l 1.
a m o b a r b i t a l 1.
e t h o s u x i m i d e 1.4 b 
phenoxybenzamine 1.4 b 
4 - b i p h e n y l p h e n o l 2.9 c 
2- b i p h e n y l p h e n y l p h e n o l 3.1 c 
b i p h e n y l 4.0 d 
4 - ( p - b i p h e n y 1 ) - 2 - m e t h y l t h i a z o l e 5.0 b 
b e n z y l b i p h e n y l 11.0 e 
a u n r e t a i n e d ; b n o t r e s o l v e d from an endogenous plasma 
peak; c n o t r e s o l v e d from VI; ^ n o t water s o l u b l e , R e 
s o l v e d from endogenous plasma peaks. 

SIMULTANEOUS ASSAY OF I AND VI 

R e s u l t s from the r e v e r s e phase HPLC s t u d y s u g 
g e s t e d t h a t s i n c e a p r e l i m i n a r y e x t r a c t i o n o f plasma 
w i t h p e t r o l e u m e t h e r was r e q u i r e d t o remove l i p i d s , 
t h a t a 1 ml sample o f plasma c o u l d be e x t r a c t e d f i r s t 
a t a n e u t r a l pH t o remove I f o l l o w e d by a c i d i f i c a t i o n 
t o pH 4 and e x t r a c t i o n t o remove V I . Indeed t h i s was 
found t o be p r a c t i c a l . Thus t o 1 ml o f plasma c o u l d be 
added e i t h e r d3~I o r V I I I , depending upon which a s s a y 
method was t o be used, as i n t e r n a l s t a n d a r d f o l l o w e d 
by e x t r a c t i o n w i t h p e t r o l e u m e t h e r . To t h e plasma would 
t h e n be added 1 ml o f pH 4 b u f f e r and b e n z y l b i p h e n y l 
f o l l o w e d by e x t r a c t i o n w i t h b e n z e n e - i s o p r o p a n o l . 

An a t t r a c t i v e a l t e r n a t i v e t o t h e above p r o c e d u r e 
would have been one e x t r a c t i o n t o remove b o t h I and VI 
f o l l o w e d by HPLC a n a l y s i s . As a p r e l u d e t o t h i s s t u d y 
i t was f ound t h a t the r e v e r s e phase HPLC c o n d i t i o n s w i t h 
s l i g h t m o d i f i c a t i o n s i n t h e g r a d i e n t program was c a p a b l e 
o f a s s a y f o r b o t h VI and I which had r e t e n t i o n t i m e s o f 
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2.7 and 8.5 minutes, r e s p e c t i v e l y . Thus simultaneous 
HPLC assay of I and VI seemed p r a c t i c a l by reverse 
phase. However, the major problem encountered was s i 
multaneous e x t r a c t i o n of both compounds. As p o i n t e d 
out e a r l i e r , i f l i p i o d a l m a t e r i a l was p l a c e d upon the 
reverse phase column, s e r i o u s pressure and r e s o l u t i o n 
problems r e s u l t e d . Therefore petroleum ether was e l i m i 
nated as a p o s s i b l e e x t r a c t i n g s o l v e n t based on i t s 
a b i l i t y to e x t r a c t l i p i d s . S i m i l a r l y e l i m i n a t e d were 
other e x t r a c t i n g s o l v e n t s such as e t h y l e t h e r and 
chloroform. Benzene-isopropanol, as p o i n t e d out ear
l i e r a l s o tends t o remove l i p i d s . A number of other 
s o l v e n t s were t r i e d but they e i t h e r removed l i p i d s or 
d i d not e x t r a c t I and VI very e f f i c i e n t l y . Thus t h i s 
r a t h e r grandiose p l a n f o r simultaneous a n a l y s i s of I 
and VI proved t o b
f e c t i v e m a t r i x s e p a r a t i o

CONCLUSIONS 
Both normal phase and reverse phase HPLC methods 

were s t u d i e d as a n a l y t i c a l techniques f o r a n a l y s i s of I 
and VI i n human plasma. Normal phase was found to be 
more s a t i s f a c t o r y f o r s e p a r a t i o n of I from plasma con
s t i t u e n t s whereas reverse phase was the c h o i c e f o r V I . 
Although reverse phase HPLC c o u l d be used t o simultane
o u s l y assay f o r both I and VI when pl a c e d d i r e c t l y on 
the instrument, i t was not p r a c t i c a l f o r a n a l y s i s of 
plasma e x t r a c t s . 

D e t e c t i o n of e i t h e r I or VI i n HPLC eluent was 
found to be p r a c t i c a l using UV l i g h t a t 2 09 nm. Mobile 
phases used had to be compatible w i t h m o n i t o r i n g a t t h i s 
wavelength t o o b t a i n the s e n s i t i v i t y needed f o r plasma 
assays. In the assay f o r I a 0.3% iso p r o p a n o l i n hep
tane s o l u t i o n as mobile phase met these c r i t e r i a as 
d i d w a t e r : a c e t o n i t r i l e i n the assay f o r VI. The assay 
developed f o r I r e q u i r e d the use of two tandem bonded-
phase columns t o adequately separate drug and endogenous 
plasma c o n s t i t u e n t s . 

Both assay methods show promise as primary detec
t i o n and dete r m i n a t i o n methods of marijuana use. The 
assay f o r I using UV d e t e c t i o n appears adequate i f 
plasma has not been thawed and r e f r o z e n . I f r e f r e e z -
ing has occurred, i t becomes necessary t o use HPLC/MS 
which i s not a f f e c t e d by t h i s phenomenon. The assay 
f o r VI needs t o be s t a n d a r d i z e d a g a i n s t the HPLC/MS 
technique. Only r e c e n t l y d i d d-VI become a v a i l a b l e 
and w i l l be u t i l i z e d f o r t h i s new assay development. 
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Detection and Quantitation of Δ9-Tetrahydrocannabinol 
in Plasma by Dansylation and Double Labeling 

J. M. SCHERRMANN and R. BOURDON 
U. E. R. de Biologie Humaine et Experimentale, Laboratoire de Biochimie, 
Hopital Fernand Widal, Paris V, France 
H. HOELLINGER, NGUYEN-HOANG-NAM, and E. FOURNIER 
I.N.S.E.R.M. Unite de Recherche de Toxicologie Experimentale, Hopital Fernand Widal, 
200, Rue du Faubourg Saint Denis, 75475 Paris Cedex 10, France 

Δ9-THC is the major psychoactive constituent of 
Cannabis. Its detection and quantitation pose a d i f 
f i cu l t analytical problem because of i t s low concen
tration in biological f luids. Much work has been done 
on the identification and quantitation of Δ9-THC, i t s 
metabolites and cannabinoids by standard methods such 
as radio-immunoassay (1,2), gas chromatography, either 
alone (3-6) or coupled with mass spectrometry (7,8) 
and fluorometry (9-15). A l l these methods endeavor to 
satisfy two major criteria: specificity and sens i t i 
v i ty . 

Although radio-immunoassays are rapid and con
venient to analyze large numbers of samples, they lack 
absolute sensit ivi ty and specif ici ty, since canna
binoids cross-react within a given assay. Gas chroma
tography is no more satisfactory. However, when com
bined with mass spectrometry it is far more specific 
and sensitive, although extremely costly. Final ly , 
fluorometric techniques have proved suitable for many 
applications such as the one based on gallium chelate 
formation which can only be used for urine (9), and 
more especially for applications based on cannabinoid 
dansylation (16-18). However, these last techniques 
only allow qualitative determination of Δ9-THC. 

0-8412-0488-8/79/47-098-207$05.00/0 
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Figure 1. Chemical derivatization of A9-THC 

The method we have developed f o r the d e t e c t i o n 
and q u a n t i t a t i o n of A9-THC i n plasma a l s o u t i l i z e s 
d ansyl technology, bu
use of 1 4 C DANS-Cl and
on the use of 3 H 2 A9-THC as an i n t e r n a l standard (19-
22) . 

PRINCIPLES OF THE METHOD 
The main steps f o r d e t e c t i o n are 1) E x t r a c t i o n 

of A9-THC from plasma; 2) E s t e r i f i c a t i o n by 1 4C DANS-
C l ; 3) P u r i f i c a t i o n by TLC; 4) E l u t i o n of the 1 4 C 
DANS-Δ9-THC spot and measurement of 1 4 C a c t i v i t y . 

In order to perform q u a n t i t a t i o n , the four steps 
l i s t e d above are preceeded by the a d d i t i o n of 3H2A 9-THC 
to the plasma. T h i s i s achieved i n order t o a l l o w ac
cura t e determination of the q u a n t i t y of A9-THC i n i t i a l l y 
p r esent, by c o r r e c t i n g the non n e g l i g i b l e l o s s e s obser
ved d u r i n g e x t r a c t i o n , e s t e r i f i c a t i o n and p u r i f i c a t i o n 
as shown s c h e m a t i c a l l y i n F i g u r e 2. 

purification 

D A N S 1 4 C 

Δ9
 THC 3 H 

D A N S 1 4 C 

Δ THC 
D A N S 1 4 C 

Δ9
 T H C 3 H 

D A N S 1 4 C 

L(T.C) 

Figure 2. Principles of the method of detecting and quantitating &9-THC 
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The i n i t i a l amount M of Δ -THC i s given by the formula: 

M = M1 Χ - Χ £ 
c Τ 

where M1 = amount of 3H?A 9-THC added 
t = s p e c i f i c a c t i v i t y (SA) of 3H 2 A 9-THC 
c = s p e c i f i c a c t i v i t y (SA) of 1 4 C DANS-C1 
C = 1 4C a c t i v i t y measured a t the end of a n a l y s i s 

(dpm) 
Τ = 3H a c t i v i t y at the end of a n a l y s i s (dpm) . 

The known parameters are: Μ 1, c and t . 
Measurement of M i s obtained by the determ i n a t i o n of Τ 
and C i n the f r a c t i o n of the product i s o l a t e d a t the 
end of the t e s t . 

PROCEDURE 
A. E x t r a c t i o n 

1. D e t e c t i o n 
Four ml plasma are e x t r a c t e d twice w i t h 4 ml of 

the f o l l o w i n g s o l v e n t : methyl acetate/petroleum e t h e r / 
ethanol (66:33:1.5 v / v ) . A f t e r c e n t r i f u g a t i o n , the 
org a n i c e x t r a c t s are evaporated t o dryness, d i s s o l v e d 
i n t o 4 ml hexane and again e x t r a c t e d t w i c e w i t h 2 ml 
C l a i s e n ' s a l k a l i reagent. The a l k a l i n e s o l u t i o n s are 
a c i d i f i e d w i t h 1 ml Ν HC1 (pH = 1.5) and then e x t r a c t e d 
twice w i t h 4 ml hexane. This l a s t s o l u t i o n i s eva
porated to dryness and the re s i d u e d i s s o l v e d i n the 
necessary amount of acetone and then t r a n s f e r r e d i n t o 
a hemolysis tube. 

2. Q u a n t i t a t i o n 
The above steps are preceded by the a d d i t i o n of 

50 y l 3H2A9-THC to 4 ml plasma and by one hour 1s i n c u 
b a t i o n a t 37°C. 

B. E s t e r i f i c a t i o n , p u r i f i c a t i o n and cou n t i n g 

In a hemolysis tube, 60 nmoles 1 4 C DANS-C1 s o l u 
t i o n i n 60 y l acetone, and 15 y l 0.5 M Na2CC>3 b u f f e r 
are added e i t h e r t o 50 y l of the acetone s o l u t i o n (ex
t r a c t i o n ) or t o a s o l u t i o n of 3.18 nmoles A 9-THC 
( y i e l d s t u d y ) . Simultaneously w i t h each t e s t , a blank 
i s made up under the same c o n d i t i o n s , but without Δ 9 -
THC. The tubes are stoppered, wrapped i n aluminum 
f o i l and incubated f o r one hour a t 40°C. A f t e r c o o l 
i n g , 18 nmoles of unla b e l e d DANS A 9-THC ( c a r r i e r ) , 
100 y l Ν NaOH and 500 y l d i s t i l l e d water are added to 
the p r e p a r a t i o n . The s o l u t i o n i s then s t i r r e d and 
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e x t r a c t e d twice w i t h 1 ml e t h y l a c e t a t e . The organic 
phases are j o i n e d together then evaporated to dryness 
and d i s s o l v e d i n 200 y l e t h y l a c e t a t e . Then 20 y l of 
t h i s s o l u t i o n are s p o t t e d on a Merck 60 F 254 s i l a n i z e d 
s i l i c a g e l p l a t e and developed w i t h the s o l v e n t system 
cyclohexane - e t h y l a c e t a t e (95:5). The DANS-Δ9-THC 
spot i s detected w i t h UV, scraped and e l u t e d i n t o a 
counting v i a l c o n t a i n i n g 10 ml s c i n t i l l a t i o n l i q u i d . 
A c t i v i t i e s are expressed i n dpm a f t e r c o r r e c t i o n f o r 
quenching of the a c t i v i t y of each sample from the back
ground due to the blank. 

RESULTS 
A. E x t r a c t i o n (See Table I) 

A f t e r s t u d y i n
s o l v e n t systems, each w i t h a d i f f e r e n t composition and 
nature, we chose the f o l l o w i n g system: methyl a c e t a t e / 
petroleum e t h e r / e t h a n o l (66:33:1.5 v/v) which g i v e s 
93% y i e l d a f t e r two e x t r a c t i o n s . As the organic ex
t r a c t i s r i c h i n l i p i d s , we then proceeded t o a p u r i 
f i c a t i o n based on s e l e c t i v e e x t r a c t i o n of phenols by 
m o d i f i e d C l a i s e n ' s a l k a l i reagent, which gives 70% 
y i e l d (8). Note: the same treatment u s i n g aqueous 
sodium or potassium hydroxide s o l u t i o n s does not pro
duce i d e n t i c a l r e s u l t s . 

B. E s t e r i f i c a t i o n 
D a n s y l a t i o n of amines and phenols i s a c l a s s i c a l 

r e a c t i o n . However when a p p l i e d to A 9-THC, i t c a l l s 
f o r s p e c i a l c o n d i t i o n s , f i r s t on account of the use 
* 4C DANS-CI and second because of the i n f l u e n c e of 
v a r i o u s physico-chemical parameters. 

1. Temperature and r e a c t i o n time. 
The maximum y i e l d of 14c DANS-Δ 9-THC (22.5 ± 0.6%) 

i s obtained i n 120 minutes, but as e a r l y as the f i f 
teenth minute the r a t e of e s t e r i f i c a t i o n i s c o n s i d e r a 
b l y slowed. A comparative study conducted f o r 24 hours 
a t room temperature d i d not show how the y i e l d c o u l d 
be s i g n i f i c a n t l y i n c r e a s e d . The r e a c t i o n time does not 
t h e r e f o r e have much e f f e c t on the d a n s y l a t i o n y i e l d . 
Consequently, i t i s p r e f e r a b l e to operate a t maximum 
temperature f o r a b r i e f p e r i o d , i . e . f o r one hour a t 
40-45°C. 
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2. pH, nature, volume and m o l a r i t y of the buf
f e r ( F i g . 3, Tables I I and I I I ) . 

DANS-Δ 9-THC s y n t h e s i s a t p r e p a r a t i v e s c a l e does 
not r e q u i r e a b u f f e r e d medium. On the other hand, the 
e s t e r i f i c a t i o n y i e l d a t the nanomole l e v e l not only 
v a r i e s w i t h the pH but according to the nature of the 
b u f f e r . The d i f f e r e n t pH ranges t e s t e d showed t h a t 
maximum e s t e r i f i c a t i o n i s obtained f o r 10.6 pH 12.3 
w i t h an 0.5<M<Na9CO^ s o l u t i o n . 

5 6 7 8 9 10 11 12 13 14 pH 

Figure 3. Influence of pH and the nature of the buffer on the yield (R): (Tl)y 

H20, pH 5.5; (T2), KH2POi/Na2HPOI>, pH 7.7; (T3), Να,ΗΡΟ^ΝαΟΗ, pH 10.2; 
(T4), H:iB03/KCl/NaOH, pH 11.5; (T5), H {BO {/KCl/NaOH, pH 12.3; (T6), 
Η,ΒΟ,/KCl/NaOH, pH 12.7; (T7), Na2CO„ 1 M, pH 11.5; (T8), NaxCOa, 5 M, 
pH 11.6; (T9), Na2COa, 1 M, pH 11.1; (T10), Na2COs, 3 M, pH 10.6; (Til), CM-

sens alkali, pH 14. 

3. 1 4 C DANS-C1 excess ( F i g . 4) 
Experience has shown t h a t 1 4 C DANS-CI excess i s 

a predominant f a c t o r i n e s t e r i f i c a t i o n . Whereas a t 
p r e p a r a t i v e s c a l e f i v e times more DANS-C1 ( i n moles) 
are s u f f i c i e n t t o o b t a i n a DANS A 9-THC y i e l d of about 
60%, t h i s does not s u f f i c e t o o b t a i n an acceptable 
y i e l d i n the case of m i c r o s y n t h e s i s . A study of the 
e f f e c t s of 1 4C DANS-C1 excess i n r e l a t i o n t o A 9-THC 
(r = 1 4 C DANS/C£/A 9-THC) shows t h a t the y i e l d v a r i e s 
i n three ways : 
- f o r 5< r <30, i n c r e a s i n g the amount of 1 4 C DANS-Cl 

g r a d u a l l y d i s p l a c e s the r e a c t i o n towards the e s t e r , 
- f o r 30< r <300, the y i e l d becomes s t a b l e at around 

20%, 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



12. S C H E R R M A N N E T A L . Dansylation and Double Labeling 213 

beyond t h i s (r > 300) the y i e l d i n c r e a s e s as a func
t i o n of the 1 4 C DANS-C1 excess and catches up w i t h 
the values observed a t p r e p a r a t i v e s c a l e i n ( F i g . 
4) . 

TABLE II 

Influence of the Volume of the Buffer and 
the % H2O on the Yield (R). 

Buffer R% 
y l % 

0 
25 
50 10 25.3 
60 12 26.8 
70 14 22.7 
80 16 19.5 
90 18 15.3 

100 20 14.3 
200 40 12.8 

TABLE III 

Influence of the Molarity of the Να2θΟ$ 
Buffer on the Yield (R). 

]iM pH R% 

0.1 5.5 0.9 
1 8.1 1.8 
2.5 11.5 25.3 
5 11.5 25.0 
25 11.6 25.3 
50 11.1 22.5 

100 11.1 23.8 
150 10.6 25.0 
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R 3* 

Figure 4. Influence of the excess of C DANS-Cl on the yield (R). (R,), reac
tion volume of 500 fjJL; (R2), reaction volume of 125 / x L . (r = 14-DANS-Cl/k9-

THC) 

The v a r i a t i o n of the y i e l d as a f u n c t i o n of r does not 
t h e r e f o r e g i v e a l i n e a r response except i n the p l a 
teau zone. I t i s t h e r e f o r e impossible to r e f e r to a 
standard curve, p l o t t e d independently. This makes i t 
necessary t o use an i n t e r n a l standard a l l o w i n g c o r r e c 
t i o n of the e f f e c t s of non l i n e a r i t y , s i n c e t h i s s t a n 
dard's behavior i s a s a t i s f a c t o r y r e f l e c t i o n of the 
behavior of A 9-THC i n the t e s t sample. 

In o rder to check the i d e n t i c a l nature of both 
behaviors, i . e . the absence of i s o t o p i c e f f e c t s , 
y i e l d s were estimated f o r two amounts of A 9 - T H C (500 
and 5 ng) corresponding to two d i s t i n c t zones of the 
standard curve (r = 40 and r = 4000 r e s p e c t i v e l y ) , 
w i t h the same q u a n t i t y (1 ng) of 3 H 2 A 9 - T H C . The 
values obtained show th a t 3 H 2 A 9 - T H C i n c o r p o r a t e d does 
not modify the R v a r i a t i o n s a l r e a d y d e s c r i b e d , s i n c e 
the y i e l d i s 17.5% i n the f i r s t case and 49.5% i n the 
second. In a d d i t i o n , i t should be noted t h a t although 
the amount of 1 ng 3H2A 9-THC can be ignored i n r e l a 
t i o n to 50 0ng, the same does not apply t o the lower 
l i m i t of s e n s i t i v i t y f o r which the r e s u l t must take 
i n t o account the presence of the t r i t i a t e d a d d i t i o n . 

The y i e l d t h e r e f o r e depends very much on the 1 4 C 
DANS-Cl excess, s i n c e a l a r g e excess of l a b e l e d r e a 
gent cannot^he used. On the other hand, the lower 
the A 9-THC c o n c e n t r a t i o n , the higher the e s t e r y i e l d , 
which i s conductive t o s a t i s f a c t o r y d e t e c t i o n s e n s i 
t i v i t y . 
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The i n f l u e n c e of the c o n c e n t r a t i o n of the r e a 
gents was checked under the o p t i m a l c o n d i t i o n s de
s c r i b e d above, by v a r y i n g the r e a c t i o n volume but keep
ing the amounts of A9-THC and 1 4 C DANS-Cl constant. 
I t seems t h a t the more concentrated the reagents the 
higher the y i e l d . A compromise must t h e r e f o r e be found 
between the maximum y i e l d and the volumes of s o l v e n t 
which can be handled under the most f a v o r a b l e c o n d i 
t i o n s f o r accuracy and r e p r o d u c i b i l i t y . For t h i s pur
pose, i t was e s t a b l i s h e d t h a t the f i n a l volume can be 
r e a c t e d to 125 y l . ( F i g . 5). 

125 250 500 1000 μ\ 

Figure 5. Yield (R)as a function of reaction volume 

C. H y d r o l y s i s and E x t r a c t i o n 
The aim of h y d r o l y s i s i s to destroy 1 4 C DANS-Cl 

excess which has not r e a c t e d by t u r n i n g i t i n t o a s a l t 
which, under our chromatographic c o n d i t i o n s , remains 
a t the o r i g i n and t h e r e f o r e does not contaminate the 
1 4 C DANS A9-THC spot. TLC performed on a s y n t h e t i c 
e x t r a c t before and a f t e r h y d r o l y s i s shows t h a t : 
1) i n the f i r s t case, 58% of the reagent i s recovered 

i n the chromatographic spot of 1 4 C DANS-Cl, where
as i n the second there i s only about 1% of the 
1 4 C DANS-Cl l e f t , 

2) contamination of the 1 4 C DANS-Δ 9THC spot by c a r r y 
ing over i s 2.7% f o r the non-hydrolyzed r e a c t i o n 
and 0.02% f o r the hydrolyzed r e a c t i o n . U n l i k e the 
technique used by KAUL (2 3) f o r chlorpromazine, 
h y d r o l y s i s of 1 4 C DANS-Cl excess i s i n d i s p e n s a b l e 
i n t h i s case i n order to a v o i d high background 
counting. This step i s f o l l o w e d by 1 4 C DANS-Δ 9-
THC e x t r a c t i o n . Study of the y i e l d of t h i s opera-
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t i o n shows i t t o be q u a n t i t a t i v e (97-98%) a f t e r 
two e x t r a c t i o n s w i t h e t h y l a c e t a t e . 

D. P u r i f i c a t i o n 

TLC was c a r r i e d out on v a r i o u s types of p l a t e s : 
s i l i c a g e l , s i l a n i z e d s i l i c a g e l , c e l l u l o s e and a l u 
mina, as w e l l as i n s e v e r a l d i f f e r e n t s o l v e n t systems: 
benzene, ch l o r o f o r m , cyclohexane, benzene/acetone 
(90:10), c y c l o h e x a n e / e t h y l acetate (95:5), c y c l o -
hexane/acetone/triethylamine (70:25:5), hexane/benzene 
(60:40) and hexane/ether (80:20). Spots were e i t h e r 
v i s u a l i z e d by u l t r a v i o l e t or developed by p u l v e r i z a t i o n 
of a 1% blue Β s a l t aqueous s o l u t i o n . 

Tests u s i n g unlabeled DANS-Δ 9-THC showed t h a t the 
main d i f f i c u l t y encountere
phenol bond on the
s a t i s f a c t o r y s e p a r a t i o n s were obtained i n the dark on 
s i l a n i z e d s i l i c a g e l p l a t e s . Under these c o n d i t i o n s , 
DANS A 9-THC remained s t a b l e throughout chromatography. 

The best s e p a r a t i o n was obtained using the hexane/ 
benzene (60:40) and cycloh e x a n e / e t h y l a c e t a t e (95:5) 
systems. However the l a t t e r was the only system which 
produced a f i n a l s a t i s f a c t o r y r e s u l t as i t s background 
was 225 ± 30 cpm compared t o 705 ± 53 f o r hexane/ben
zene. Two-dimensional TLC w i t h two s o l v e n t systems -
cycl o h e x a n e / e t h y l a c e t a t e (95:5) f o r the f i r s t migra
t i o n f o l l o w e d by hexane/benzene (60:40) f o r the second 
d i d not g r e a t l y improve the background, which was 291 
± 34 cpm f o r the f i r s t development and 241 ± 31 cpm 
fo r the second. 

DISCUSSION 
The us u a l q u a l i t y c r i t e r i a - d e t e c t i o n s e n s i t i 

v i t y , l i n e a r i t y and r e p r o d u c i b i l i t y between the assays-
were determined s t a r t i n g w i t h pure A 9-THC s o l u t i o n s . 
S p e c i f i c i t y i s determined by means of pure s o l u t i o n s 
of A 9-THC, CBN, CBD, ll-OH - A 9-THC and 11-0Η-Δ 9-THC. 
The average r e s u l t s of 4 determinations are given f o r 
1000, 500, 50, 25, 10, 5, 2.5 and 1 ng of A 9-THC per 
t e s t tube. They are expressed both i n terms of 1 4 c 
a c t i v i t y (dpm) and of y i e l d R% (Table I V ) . 
A. S e n s i t i v i t y 

The v a l u e s given i n Table IV show the d e t e c t i o n 
t h r e s h o l d t o be about 2.5 ng or 8 pmoles/tube. The 
a c t i v i t y corresponding to 1 ng i s not s i g n i f i c a n t l y 
d i f f e r e n t from the background. For a p r o b a b i l i t y of Ρ 
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= 0.99 7 or 3 times S.D., i t s lower t h r e s h o l d i s below 
the upper l i m i t of the background f o r the same proba
b i l i t y . For 2.5 ng on the other hand, extreme values 
are s i g n i f i c a n t l y d i f f e r e n t . 

TABLE IV. 

Yield of Reaction as a Function of Amount of Δ^-THC. 

k9-THC Activity - Background •L. 
ng/tube Counta R% ± 1 S.D.* 

(dpm ± 1 S.D.b*) 

1 60 ± 16 s t a t i s t i c a l l y 
2.5 
5 197 ± 15 59.8 ± 4.4 

10 265 ± 15 40.3 ± 2.5 
25 705 ± 32 42.7 ± 1.9 
50 607 ± 30 18.4 ± 0.9 

100 1282 ± 179 19.4 ± 2.7 
500 4865 ± 761 14.8 ± 2.3 

1000 13321 ± 666 20.2 ± 1.2 

bac k g r o u n d count = 302 ± 18 dpm 
^1 S.D. = one standard d e v i a t i o n from the mean 

B. S p e c i f i c i t y 
The s e p a r a t i o n between the d i f f e r e n t dansyl-can-

nabinoids can be obtained by the use of the one or 
two-dimensional TLC. Autoradiographies showed t h a t 
the major d i f f i c u l t y i s t o have a good s e p a r a t i o n 
between dansy1-cannabinoids and 1 4C dansyl breakdown 
products which show s e v e r a l spots which are formed 
under the experimental c o n d i t i o n s . A l l cannabinoids 
t e s t e d show one spot except CBD which g i v e two spots. 
1 4 C DANS-neutral cannabinoids g i v e a s a t i s f a c t o r y 
s e p a r a t i o n i n a one-dimensional TLC using the c y c l o 
hexane/ethyl acetate (95:5) ( F i g . 9) and a l s o i n a 
two-dimensional TLC w i t h c y c l o h e x a n e / e t h y l a c e t a t e 
(95:5) f o r the f i r s t m i g r a t i o n f o l l o w e d by hexane/ 
benzene (60:40) f o r the second ( F i g . 10). The bes t 
s e p a r a t i o n f o r the 1 4 C DANS-11-ΟΗ-Δ8 and A9-THC was 
obtained using the cyclohexane/acetone t r i e t h y l a m i n e 
(70:25:5) system ( F i g . 11). 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



218 C A N N A B I N O I D A N A L Y S I S I N P H Y S I O L O G I C A L F L U I D S 

S A ^ T H C - D A N S 

C B N - D A N S 

C B D - D A N S ( I ) 

^ C B D - D A N S ( I I ) 

«ZZ> © 

Figure 6. Separation of neutral dansyl cannabinoids by one-dimensional TLC. 
Developing solvent: cyclohexane/ethyl acetate (95:5). The striped spots indicate 
breakdown products of DANS-Cl. The left side of the plate shows the products 
of derivatization of standards. The right side shows a bhnk reaction mixture. 
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> II 

I 

A 

^^A -THC-DANS 
A9-THC-DANS 
CBN-DANS 

£ CBD-DANS (I) 

φ CBD-DANS (II) 

2ËTllOH A9-THC-DANS 
110H A8-THC-DANS 

Figure 7. Separation of dansyl cannabinoids by two-dimensional TLC. Develop
ing solvents: (I) cyclohexane/ethyl acetate (95:5); (II) hexane/benzene (60:40). 

The striped spots indicate breakdown products of DANS-Cl. 
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110H 
- T H C 

© φ © 

D A N S 

J10H A 9 - T H C - D A N S 

© Φ φ 

110ΗΔ  - T H C - D A N ^ p 

Φ <OD <ΠΙ> 
<HD φ GD> 

<Œp φ Φ 

Figure S. Separation of DANSYL-ll-OH-A9-THC and A8-THC by one-dimen
sional TLC. Developing solvents: (I) cyclohexane/ethyl acetate (95:5); (II) cyclo-
hexane/acetone/triethylamine (70:25:5). The striped spots indicate breakdown 
products of DANS-Cl. The extreme right side of I and left side of II are blank 

reaction mixtures. 
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We have never observed a p o s i t i v e r e a c t i o n w i t h other 
drugs, i n c l u d i n g drugs of abuse. 

C. L i n e a r i t y 

The r e s u l t given i n Table IX co n f i r m the observa
t i o n s made when the e f f e c t s of 1 4 C DANS-Cl excess were 
s t u d i e d , i . e . t h a t the p r o p o r t i o n a l i t y between the 
amount of A 9-THC and the response was only v e r i f i e d 
between 100 0 and 50 ng. 

D. R e p r o d u c t i b i l i t y between t e s t s 

R e p r o d u c t i b i l i t y between t e s t s expresses the d i s 
p e r s i o n of the values i n r e l a t i o n t o the mean value ob
t a i n e d from η measurement  durin  r e p e t i t i o  give
determination unde
w i t h d i f f e r e n t reagents and f o r measurements a t d i f
f e r e n t stages. In the case of η = 7 determinations of 
1000 of A9-THC, c a l c u l a t i o n of the average y i e l d R gave 
23.6 ± 2.4%. The v a r i a t i o n c o e f f i c i e n t of the rep r o 
d u c i b i l i t y index was 10.2%. 

APPLICATION TO PLASMA AND URINE 

The f i r s t runs of d e t e c t i o n and q u a n t i t a t i o n o f 
A 9-THC i n plasma give a s e n s i t i v i t y i n a range of 5-10 
ng/ml. The a c t i v i t y corresponding t o 10 ng/ml i s very 
s i g n i f i c a n t l y d i f f e r e n t from the background. For two 
co n c e n t r a t i o n s of 100 and 20 ng/ml we have obtained 
74.8 and 18.7 ng/ml r e s p e c t i v e l y . 

We are now developing t h i s technique f o r u r i n e 
using the metabolism o f cannabinoids f o r a very s p e c i 
f i c d e t e c t i o n of p o l a r cannabinoids. 

CONCLUSIONS 

A s a t i s f a c t o r y s o l u t i o n was found f o r e x t r a c t i o n 
g i v i n g a y i e l d of about 70%. Among the f a c t o r s a f f e c t 
ing e s t e r i f i c a t i o n , pH and 1 4 c DANS-Cl excess are the 
most important. The r e a c t i o n pH must come w i t h i n a 
range ensuring maximum 1 4 c DANS-Cl i o n i z a t i o n . V a r i a 
t i o n i n the y i e l d as a f u n c t i o n of 1 4C DANS-Cl excess 
causes a n o n - l i n e a r response s i n c e the y i e l d R can vary 
from 20 to 70%. F i n a l l y , d uring the t h i r d stage, TLC 
p u r i f i c a t i o n c o n d i t i o n s ensure adequate s e p a r a t i o n o f 
the r e a c t i o n products and a l l o w counting of the 1 4 C 
DANS-A9-THC a c t i v i t y i t s e l f s i n c e they do not modify 
the s t r u c t u r e of the e s t e r formed. The v a r i a t i o n s i n 
y i e l d observed during these f i r s t two stages j u s t i f y 
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the use of 3H 2 A 9-THC as i n t e r n a l standard s i n c e i t s 
behavior i s i d e n t i c a l t o t h a t of non-labeled A 9-THC. 
The r e s u l t s of the study of these main q u a l i t y c r i t e r i a 
show the method i s s e n s i t i v e to about (2.5 ng) and t h a t 
r e p r o d u c i b i l i t y of ± 10% i s s a t i s f a c t o r y . 

When a p p l i e d t o b i o l o g i c a l f l u i d s , the method: 
1) i s s e n s i t i v e enough t o detect a few ng/ml i n 

plasma 
2) i s s u f f i c i e n t l y accurate w i t h the double 

l a b e l i n g 
3) has s a t i s f a c t o r y s p e c i f i c i t y r e s u l t i n g from 

the system of p u r i f i c a t i o n by one or two-
dimensional TLC and a l l o w s d e t e c t i o n of p o l a r 
m e t a b o l i t e s of A 9-THC. 

This work was supported by c o n t r a c t C.R.C. 
76.5.067.3 from the I n s t i t u t N a t i o n a l de l a Santé e t de 
l a Recherche médicale (INSERM). 
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polar normal-phase 119 
polymeric octadecylsilane 193 
reverse-phase 49,119, 167 
separation, isocratic C N 130 
Sephadex 186 
silica gel 179,183 
support-coated open tubular 68 
tandem alkylamine-alkylnitrile .190-192 

μ,-Cis Column, reverse-phase 49 
Concentration of A 9 - T H C - l l - o i c 

acid in urine 111/ 
Confidence Index 98/, 107 

(K-score) 96 
PB M 97/, 100,101 

Confirmation-mode A 9 - T H C - l l - o i c 
acid/TMS analysis 105/, 110/ 

Conjugate(s) 139 
base-sensitive 4 
immunogenicity in sheep 159t 
THC-hemisuccinate-albumin 158 
THC-protein 156, 158,161 

Conjugated (bound) A 9 - T H C - l l - o i c 
acid 110 

Conjugation reactions of THC-bovine 
serum albumin conjugates 157/ 

Contaminant of degraded A 9 - T H C .... 25 
Contaminations in a G C peak 97 
Contracted spectrum 96-102 

ofethanol 99/, 100/ 
A 9 - T H C - l l - o i c acid/TMS 109/ 

C R C (see Cross-reacting 
cannabinoid ) 

Creatinine 102 
levels, urinary 118 

Cross-reacting cannabinoid, T H C 
( T H C - C R C ) 162 
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Cross-reacting metabolites in plasma, 
T H C Γ. '.. 169 

Cross-reaction 146-153 
Cross-reactivity 

of pure cannabinoids 162i 
between A 8 - T H C and A 9 - T H C 96 
to A 9 - T H C antiserum, comparison 

of 152/ 
Crotonaldehyde 3 
Cycliaztion, acid-catalyzed 27 
Cyclopentyldimethylheptylpyran 189 

D 

d 2-labeled A ^ T H C 73 
d 2-labeled A 6 - T H C 7
d 3-labeled T H C 73 
d 7-labeled T H C 73 
1 4 C DANS-C1 208 

esterification by 208 
excess in esterification 212, 214 
excess, hydrolysis of 215 
specific activity ( SA) of 209 

1 4 C DANS-neutral cannabinoids 217 
1 4 C D A N S - l l - O H - A 8 - T H C 217 
D A N S - A 9 - T H C synthesis 212 
1 4 C D A N S - A 9 - T H C 

activity 221 
extraction 215 
spot 208, 222 

D A N S Y L - l l - O H - A 9 - T H C and Δ 8 -
T H C by one-dimensional T L C , 
separation of 220/ 

1 4 C Dansyl breakdown products 217 
Dansyl cannabinoids 217 

separation of 218/, 219/ 
Dansylation 

of amines 210 
cannabinoid 207 
detection and quantitation of 

A 9 - T H C in plasma by 207-222 
of phenols 

Data acquisition, MS 102 
Data acquisition and processing, 

G C / M S / C O M 95 
Degradation, G L C characterization 

of 26f, 29f 
Delipidization 87 
Derivative(s) 

of A 9 - T H C , EI and CI mass spectra 
of trimethylsilyl 60 

of T H C , pentafluorobenzyl (PFB) 89 
of A ^ T H C , polyhydroxy 5 

Derivatized cannabinoids 49 

Derivatization 89 
of A 9 - T H C with trifluoroethyl 

iodide 90/ 
Detectors 

classical L C 115 
fixed wavelength U V absorbance .... 115 
fluorescence 115 
H P L C 116 
multiple ion 75 
variable wavelength absorbance .... 115 

Detoxification products of A ^ T H C ... 5 
Deuterated analogs of 

cannabinoids 41 
ll-nor-A 9 -THC-carboxylic acid 66 
l l - O H - A 9 - T H C 66 
A 9 - T H C 66 

Deuterated internal standards 42, 77 

Deuterium labeled 
cannabinoids 54 
T H C 73 
A 9 - T H C 59 

A 1 3 - D i e n e 3 
^-Diethylaminoethyldiphenylpropyl 

acetate 2 
Diffusion of A 9 - T H C into the plastic 

of containers and rubber stoppers 34 
6,12-Dihydro-6-hydroxy-cannabidiol 8 27 
2",6-Dihydroxy derivative 4 
8,11-Dihydroxy-THC 171 
8a,l l -Dihydroxy -A 9 -THC 107 
8, l l -Dihydroxy -A 9 -THC standards ... 126 
3,5-Dimethoxybenzoic acid 73 
5- ( 3,5-Dimethoxy-phenyl ) -penta-

2,4-dienoate 73,74 
Dimethylformamide 103 
Dimethylheptylpyran 189 
l , l l -Dimethyl- l l -hydroxy -A 9 -THC . . . 84 
1,4-Dioxane in heptane 183 
Distribution coefficient, red blood cell 19 
D M C S 42 
Dog(s) 

beta phase half-life of 11-hydroxy-
A 9 - T H C in 86 

bile, metabolites in 33 
feces, metabolites in 33 
pharmacokinetic studies in 33 
plasma 23 

G L C electron capture detection 
of derivatized material after 
normal phase H P L C in 31 

A 9 - T H C in 81 
red blood cells in 19 
urine, metabolites in 33 

A^Double bond, hydroxyls allylic to .. 2 
Double bond isomers 130 
Double bond, oxidation allylic to 11 
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E C (see Electron capture) 
EI (see Electron impact) 
Electron capture ( E C ) 13,23,31,81,89 

G L C 23,31,47 
Electron impact (EI) 

fragmentation pattern 85 
ionization 59 
mass spectrum of T M S derivative 

of A 9 - T H C 60 
mass spectrum of the T M S ether 

of A 9 - T H C 62t 
mode, G L C - M S in 42 

Elimination, biphasic 46, 51, 55 
Elimination phase for A * - T H C in man 77 
Eluent, derivatization of H P L C 67 
Elution of the 1 4 C D A N S - A 9 - T H
^-Emitter 14
Enzyme hydrolyzed urine 104/, 107 
Epidemiological studies, RIA use in .. 165 
Esterification by 1 4 C DANS-C1 208 
Ethanol, contracted spectrum of ... 99/, 100/ 
Ether 

bis-TMS 44 
extract of human urine, chromato-

gram of silylated 109/ 
extractability of A 9 - T H C in vivo 

metabolites from unhydrolyzed 
Rhesus urine 108/ 

-extractable radioactivity 9/ 
l l -hydroxy -A 9 -THC-bis-TMS 43 
of l l -hydroxy -A 9 -THC, 1-O-methyl 85 
petroleum 43,186 

extraction of plasma with 202 
Ethylation of l l -hydroxy -A 9 -THC 88 
Ethylation of A 9 - T H C 95/, 108/ 
Ewes, cannabinoids in the milk of 133 
l«,2a-Epoxide 4 
Extract of human urine, chromato-

gram of silylated ether 109/ 
Extracting solvents 71,177-203 
Extraction 

1 4 C D A N S - A 9 - T H C 215 
lipid 88 
of plasma with petroleum ether 202 
of A 9 - T H C from plasma 208 
scheme for cannabinoids 118/ 
study of A 9 - T H C from plasma 21 It 
with toluene 87 

Fast Blue Salt (B) (FBSB) 127 
spot intensity 125 

Feces 
dog, metabolites in 33 
human 9/ 
rabbit 9/ 
rat 9/ 

F I D (see Flame ionization detection) 
Finnigan 3300 chemical ionization 

(CI) source 45 
Finnigan 3300 G L C - M S 44 
Finnigan quadrupole G C - M S systems 61 
Flame ionization detection ( F I D ) 25 

gas-liquid chromatograms 24/ 
Flame ionization G L C analysis 23 
Flow diagram for analysis of A 9 - T H C 60/ 
Flow rate, carrier gas 68 
Fluids, simultaneous dual wavelength 

absorbance detection for H P L C 
analysis of cannabinoids in 
biological 116 

Fluorescence detectors 115 
Fluorometric techniques 207 
Formulas of cannabinoids, structural 13/ 

Fractionation, solvent 108 
Fractioning in vivo T H C metabolites 93 
Fragment ions 61 
Fragmentation pattern, electron 

impact 85 
Fragmentographic technique, mass ... 73 
Fragmentographic-type ( SIM ) 

quantitation, mass 101,102 
Fragmentography, mass 40, 75, 96 

G 
Gallium chelate formation 207 
Gas 

carrier 75 
flow rate 68 

chromatographic techniques 89 
chromatography 

assay for A 9 - T H C - l l - o i c acid, 
Olfax II 112 

carrier gas 60 
-chemical ionization mass spec

trometry, capillary 65 
glass capillary 67 
—mass fragmentography 

( G C - M F ) 125 
-mass spectrometry ( G C - M S ) 

automated 93 
- C O M data acquisition and 

processing 95 
- C O M system, Olfax II 102 
systems, Finnigan quadrupole 61 
A 9 - T H C and its metabolites 

in human urine by proba
bility based matching 
(PBM) 93 

peak, contaminations in 97 
retention time 96,101 

-l iquid chromatograms, flame ioni
zation detection ( F I D ) 24/ 
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Gas (continued) 
- l iquid chromatography ( G L C ) .... 13 

analysis 
of cannabinoids 13 
flame ionization 23 
of A 9 - T H C in plasma, effect of 

H P L C separation on 23 
characterization of acid degrada

tion of HPLC-purified 
A 9 - T H C 26t 

characterization of degradation 
products from cannabidiol .. 29* 

electron-capture 23, 47 
detection of derivatized 

material 31 
-mass spectrometry ( G L C - M S ).. 40 

-electron impact ( G L C - M S -
EI) 4

in electron impact ( EI ) mod
Finnigan 3300 44 
L K B 9000 43 
and T L C analysis of 11-nor-

A 9 - T H C - 9 - C O O H in 
plasma and urine 52* 

G C (see Gas chromatography) 
Ghosting phenomenon 67 
Glass 

binding of T H C 17 
binding of A 9 - T H C 18/ 
capillary columns 67—68 
capillary gas chromatography 67 

Glassware, aqueous-silicone 
(Siliclad) coated 27 

Glassware, T M S treatment of 17 
G L C ( see Gas-liquid chromatog

raphy ) 
yS-Glucuronidase/aryl sulfatase 102, 117 

hydrolyzed A 9 - T H C urines 94/ 
Gradient profile, solvent 66 
Grob-type splitless injector 68 

H 

Half-life of ll-hydroxy-A 9-THC in 
the dog, beta phase 86 

Hapten-protein conjugate 139/ 
Hemiester linkage 141 
Hemisuccinate 141 
Henderson-Hasselbach equation 15 
Hepatic plasma flow 33 
Heptane, 1,4-dioxane in 183 
Hexahydrocannabinol 27, 54,189 
Hexane 

extract of breast milk, chromato-
gram of 131/, 132/ 

extracts of urine 122 
chromatograms of 120/, 122/, 123/ 

solvent system, tetrahydrofuran- ... 23 

High-pressure liquid chromatography 
( H P L C ) 13, 49,115,167,175-203 

analysis of 
cannabinoids in biological fluids .. 116 
ll-nor-A 9-THC-9-carboxylic acid 

in human plasma 175 
A 9 - T H C 115,175-203 

Sephadex- 187* 
urine extracts, direct 128 

assay methods 177 
-capillary-GC C I - M S for simul

taneous measurement of T H C 
and its metabolites 71 

chromatogram of urine 66/ 
detection of cannabinoids 116* 
detectors 116 
effluent, U V monitoring of 183 

analysis of marijuana smokers 
plasma compared to 188* 

- M S technique 193 
comparison of H P L C - U V 194* 

normal phase 23,177-203 
in dog plasma, G L C electron cap

ture detection of derivatized 
material after 31 

liquid scintillation analysis of the 
total C 1 4 collected as 
A 9 - T H C on 32/ 

-purified 
cannabidiol 27 
cannabionoids 25* 
A 9 - T H C 26* 

reverse phase 23, 24/, 65,118,193 
- U V analysis 179 
- U V and H P L C - M S techniques, 

comparison of 194* 
l l - H O-A 9 - T H C 94 
H P L C ( see High-pressure liquid 

chromatography ) 
Human 

blood plasma, T H C in 73 
breast milk recovery of cannabi

noids from 117 
feces 9/ 
plasma 62, 87 

H P L C analysis of ll-nor-Δ 9 -
THC-9-carboxylic acid in .... 175 

H P L C analysis of A 9 - T H C in 175 
l l -nor-A 9 -THC-9-COOH 

extracted from 50/ 
A 9 - T H C , ll-hydroxy-A 9-THC, 

and C B N in 47/ 
serum, A 9 - T H C in 81 
urine 9/ 

chromatogram of silylated ether 
extract of 109/ 
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Human urine (continued) 

enzyme hydrolyzed 104/ 
l l - n o r - A 9 - T H C - 9 - C O O H in 50/ 
recovery of cannabinoids from ... 117 
A 9 - T H C and its metabolites in .... 93 
unmetabolized A 9 - T H C in 134 

Hydration, reversible acid-catalyzed .. 27 
Hydrolysis 215 

of 1 4 C DANS-C1 excess 215 
Hydroxide, quaternary ammonium .... 88 
Hydroxide, tetrahexyl ammonium 85 
I"-, 2"-, and 3"-Hydroxy derivatives .. 4 
Hydroxy-CBN standards 127 
11-Hydroxy-THC 171 
l l - H y d r o x y - A 9 - T H C (see A 9 - T H C , 

11-hydroxy) 
3 H - l l - H y d r o x y - A 9 - T H C 20 
d 0 - l l - H y d r o x y - A 9 - T H C - T M S 6
d 8 - l l - H y d r o x y - A 9 - T H C - T M S 6
Hydroxybiphenyl ring system 119 
Hydroxylated C B N (I), nonpolar 

side-chain 124 
Hydroxylation ( s ) 140, 143 

aromatic 2 
side-chain 4 
sites of cannabinoids 40/ 

Hydroxyls allylic to the A^double 
hydroxylation 2 

Hydroxyls, side-chain 2 

I 

1 2 5 I 148 
radioligand, synthesis of 150 
of varying specific activity, 

5 ' -iodo-A 8 -THC 151/ 
Immunogen(s) 139-153 

amyl-linked 146 
antisera titers for rabbits im

munized with 147/ 
azobenzoyl 146 
from 5'-carboxy-A 9-THC, prepa

ration of 146 
synthesis 139, 140 

Immunogenic carrier molecule 155 
Immunogenicity in sheep, conjugate 159i 
Impairment caused by smoking mari

juana, indicator of degree of 
physical 112 

In vitro metabolism of A 9 - T H C 40 
In vivo metabolism of A 9 - T H C 40 
Ingestion of T H C , oral I l l 
Injector, grob-type splitless 68 
Internal carriers 53 
Internal standards 53, 189 

cyclopentyldimethylheptylpyran .... 189 
deuterated 42,77 
dimethylheptylpyran 189 
3 H 2 A 9 - T H C as 208, 222 

Internal standards ( continued ) 
hexahydrocannabinol 189 
A 9 , I I _ T H C 189 
of T H C , deuterium containing 74/ 

Iodide, trifluoroethyl 89 
derivatization of A 9 - T H C with 90/ 

Iodinated radioligand 148, 150 
comparison of cross-reactivity to 

A 9 - T H C antiserum using 152/ 
Iodoform test 20 
Iodohistamine derivative 150 
Iodophenol derivative 150 
5'-iodo-A 8 -THC 150 

i25j 0 f varying specific activity 151/ 
10-iodo-9-ureido linked T H C 141 
Ion(s) 

current profiles, selected ( SICP ) .... 107 

detector, multiple 75 
monitoring, selected ( SIM ) 59, 96 

analysis 60 
CI mass spectrometry and 68 
of A 9 - T H C 63/ 

protonated molecule 60, 68 
-pumped quadrupole mass 

spectrometer 102 
Ionization 

detection, flame 25 
electron impact 59 
G L C analysis, flame 23 
methane-ammonia chemical 61 
MS, chemical 59 

capillary gas chromatography 65 
IR 133 
Isoamyl alcohol 43 
Isocannabidiol 27 
Isocratic C N column separation 130 
Isocratic mode 129 
Isomers, double bond 130 
Isomers, Δ 8 - and A 9 - T H C 130 
Isotonic phosphate buffer 19 

Κ 
K-scores 96, 99,101 
e-keto-A^THC 3 
Kinetic study of cannabidiol 

degradation 27 

L 
Labeled cannabinoids, deuterium 54 
Labeled compounds, tritium 35, 76, 77 
Labeled T H C , deuterium 73 
L C detectors, classical 115 
Levels of metabolites, plasma 8 
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Lipid 
extraction 88 
matrix of plasma, analysis of lipid 

soluble phenols in 83 
phases, partition into 34 
soluble phenols 83 

in the lipid matrix of plasma 83 
soluble quaternary ammonium 

cation 84 
Lipoidal material in plasma 195 
Lipophiles 81,83,134 
Lipophilicity 34 
Lipoproteins 88 
Liquid chromatograms, flame ioniza

tion detection ( F I D ) , gas- 24/ 
Liquid chromatography, high-pres

sure ( see High-pressure liquid 
chromatography ) 

Liquid scintillation 13
analysis of the total C 1 4 collected 

as A 9 - T H C on normal-phase 
H P L C 32/ 

counting 156 
Liver, monkey 3, 4 
Liver microsomes 

metabolism of A ^ T H C by 10i 
rabbit 4,86 
rat 3 

L K B 9000 G L C - M S 43 
L K B 9000 MS 45 

M 
Magnetic sector MS 53 
Man 

C B N as a metabolite in 55 
elimination phase for A ^ T H C in .... 77 
pharmacokinetic data in 53 

Marijuana 175 
indicator of degree of physical 

impairment caused by smoking 112 
smokers plasma compared to 

H P L C - M S analysis, Sepha-
d e x - H P L C analysis of 188f 

Mass 
fragmentograms of A ^ T H C - T M S .. 78/ 
fragmentographic technique 73 
fragmentographic-type (SIM) 

quantitation 101, 102 
fragmentography 40, 75, 96 

gas chromatography- ( G C - M F ) 125 
fragments of C B N 125 
spectrometer, ion-pumped quad

rupole 102 
Mass spectrometry (MS) 81, 133, 179 

chemical ionization 59 
capillary gas chromatography- .... 65 
and selected ion monitoring 68 

Mass spectrometry ( continued ) 
data acquisition 102 
quadrupole 53 
spectrum(a) of 

bis-TMS derivative of ll-nor-Δ 9 -
T H C carboxylic acid 68 

T M S ether of A 9 - T H C 61/, 62* 
T M S derivative of A 9 - T H C 60 

Metabolic 
alterations of A 9 - T H C 140 
analogs of T H C 145 
products of A 9 - T H C , CBN-type 127 
transformations of A ^ T H C 1 

Metabolism 
of l l -hydroxy -A 9 -THC 85/ 
of A ^ T H C 3/ 

by liver microsomes At, 10i 

biliary 33 
CBN-class 128 

in man 55 
oxygenated 6 

in dog feces, urine, and bile 33 
l l -hydroxy -A 9 -THC as an active . . . 91 
monohydroxylated 20 
monooxygenated 4 
neutral polyhydroxy 126 
in plasma, T H C and cross-reacting 169 
in Rhesus urine, in vivo 95/ 
T H C 97,98/ 

fractionating urinary 93 
fractioning in vivo 93 
in plasma 169 
in urine 102 

radiochromatogram and radio-
immunichromatogram of .. 169/ 

of A ^ T H C 
allylic monohydroxy 7 
catechol type 2 
from mouse liver 10 
oxygenated 2/ 
polyoxygenated 5/ 
urinary monkey 6 

of A 9 - T H C 
acidic 95 

A 9 - T H C - l l - o i c acid 95 
CBN-type 124 
H P L C analysis of 115 
in human urine by probability 

based matching (PBM) 
G C / M S 93 

monohydroxylic 85 
in the rat 53 

simultaneous determination of 90 
from unhydrolyzed Rhesus urine, 

ether extractability of 108/ 
in urine 8 
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Methane-ammonia chemical ioniza
tion (CI) 61 

mass spectrum of the bis-trimethyl-
silyl derivative of l l -nor-Δ 9 -
T H C carboxylic acid 68 

Methanol, molar absorptivity of 
cannabinoids in 182i 

1- O-Methyl ether of 11-hydroxy-
A 9 - T H C 85 

Methylene chloride 90,183 
2- Methylnaphthalene 66 
Microsomes 

metabolism of A ^ T H C by liver 4t, lOt 
rabbit liver 4, 86 
rat liver 3 
transformation of A ^ T H C by liver 8 

M I D (Multiple ion detection) 40 
Milk, transfer of A 9 - T H C into
Mixed-function oxidase system
Mobile phase splitter 184 
Mobile phase studies using polymeric 

octadecylsilane to analyze 11-nor-
A 9-THC-9-carboxylic acid 196i 

Molar absorptivity 16 
of cannabinoids in methanol 182i 

Molecule ion, protonated 60 
Monkey 

liver 3, 4 
metabolites of A ^ T H C , urinary 6 
plasma 62 
Rhesus, urine, radioactivity in 107 
Rhesus, urine, 1 4 C-THC-dosed 93 
squirrel, cannabinoids in the milk of 133 

Monohydroxy-THC 3 
Monohoydroxy-A^THC derivatives .. 2 
Monohydroxylated metabolites 20 
Monohydroxylic metabolites of 

A 9 - T H C 85 
Monooxygenated metabolite 4 
Mouse liver, metabolites of A * - T H C 

from 10 
Mouse liver microsomes, transforma

tion of A ^ T H C by 8 
MS (see Mass spectrometry) 
Multiple ion detection ( M I D ) 40 
Multiple ion detector 75 

Ν 
Neutral polyhydroxy metabolites 126 
6 3 N i detection, electron capture 23 
N M R 133 
l l - n o r - A 9 - T H C carboxylic acid (see 

A 9 - T H C carboxylic acid, 11-nor-) 
l l - n o r - A 9 - T H C - 9 - C O O H (see Δ 9 -

T H C - 9 - C O O H , 11-nor-) 
Normal-phase columns, polar 119 

Normal-phase H P L C 19, 20, 23,177-203 
in dog plasma, G L C electron cap

ture detection of derivatized 
material after 31 

liquid scintilaltion analysis of total 
C 1 4 collected as A 9 - T H C on .... 32/ 

separation of cannabinoids 21/ 

Ο 
Octadecylisilane to analyze 11-nor-

A 9-THC-9-carboxylic acid, mobile 
phase studies using polymeric .... 196i 

Octadecylsilane column, polymeric .... 193 
Off-line spectral analysis 133 

N M R , IR, MS 133 
S - O H - A ^ T H C 3 

l l - O H - A 9 - T H C , deuterated analogs of 66 
Olfax II G C assay for A 9 - T H C - l l - a c i d 112 
Olfax II G C / M S / C O M system 102 
Oral ingestion of T H C I l l 
Oxidase system, mixed-function 2 
Oxidation 

allylic to the double bond 11 
side-chain 11 
of A ^ T H C If 
of A 9 - T H C to l l -hydroxy-A 9 -THC .. 86 

^ O x o - A ^ T H C 3 
Oxygenated C B N metabolites 6 
Oxygenated metabolits of A ^ T H C .... 2/ 

Ρ 
Packed column 68 

comparison of capillary and 69 
Particle-size counter, solubility 

determination of 15 
Partition coefficients 65 
Partition into lipid phases 34 
P B M (see Probability Based 

Matching) 
Pentafluorobenzoate, cannabidiol 25 
Pentafluorobenzoate, cannabinol 23 
P F B (pentafluorobenzyl) 89 
PFBB ( pentafluorobenzyl bromide ) .. 89 
Pentafluorobenzyl (PFB) derivatives 

of T H C 89 
Pentafluorobenzyl bromide (PFBB) .. 89 

alkylation of A 9 - T H C with 89/ 
l-0-Perdeuteriomethyl-A 9-THC 83 
Petroleum ether 43,186, 202 
Pharmacokinetic ( s ) 

of C B N 6 
data 51 

in man 53 
in plasma 55 
in urine 55 

In Cannabinoid Analysis in Physiological Fluids; Vinson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



236 C A N N A B I N O I D A N A L Y S I S I N P H Y S I O L O G I C A L F L U I D S 

Pharmacokinetic ( continued ) 
studies in dogs 33 
studies in A 6 - T H C in man 73 

Phase splitter, mobile 184 
Phase transfer 

alkylation 84/ 
catalysis 84 
catalyzed alkylation 88, 89 

Phenols, dansylation of 210 
Phenols, lipid soluble 83 

in the lipid matrix of plasma, 
analysis of 83 

Phenyl-bonded phase column 195 
Phosphate buffer, isotonic 19 
Physical impairment caused by smok

ing marijuana, indicator of 
degree of 11

Physicochemical properties of 
A 9 - T H C 15 

pK' t t of T H C 15 
p K ' a of A 9 - T H C , spectrophotometry 

determination of 16/ 
Plasma 

analysis of lipid soluble phenols in 
lipid matrix of 83 

analysis of A 9 - T H C in 148 
calibration curves 44 

for C B N 45/ 
for l l -hydroxy -A 9 -THC 46/ 
for ll-nor-A 9-THC-9-carboxylic 

acid 51 
for A 9 - T H C 44/ 

cannabinol in 77 
compared to H P L C - M S analysis, 

Sephadex-HPLC analysis of 
marijuana smokers 188f 

comparison of G L C - M S and T L C 
analysis of l l - n o r -A 9 - T H C -
9 - C O O H in 52 

constituents, endogenous 177-203 
blood 195 

cross-reacting metabolites in 169 
dog 23 

G L C electron capture detection 
of derivatized material after 
normal phase H P L C in 31 

A 9 - T H C in 81 
effect of H P L C separation on G L C 

analysis of A 9 - T H C in 23 
extraction of, with petroleum ether 202 
extraction of A 9 - T H C from 208, 211* 
flow, hepatic 33 
human 62, 87 

H P L C analysis of ll-nor-Δ 9 -
THC-9-carboxylic acid in ... 175 

H P L C analysis of A 9 - T H C in 175 
A 9 - T H C , l l -hydroxy -A 9 -THC, 

and C B N in 47/ 

Plasma (continued) 
levels of metabolites 8 
levels of unchanged 1 4 C - A 9 - T H C .... 8/ 
levels of A ^ T H C 8 

in humans 9/ 
lipoidal material in 195 
monkey 62 
l l - n o r - A 9 - C O O H extracted from 

human 50/ 
ll-nor-A 9-THC-9-carboxylic acid in 54 
pharmacokinetic data in 55 
protein binding 19 
proteins 54 
rabbit 87 

l l -hydroxy -A 9 -THC in 90 
rat 62 
samples, radioimmunochromato-

suspensions of 1 4 C - A 9 - T H C 13 
T H C in 17,169 
T H C - C R C 166/ 

levels in 163i 
T H C in human blood 73 
A 9 - T H C in 40, 48/, 208 

Plastic of containers, diffusion of 
A 9 - T H C into 34 

Polar solvents 87 
diethyl ether 87 
methylene chloride 87 

Polarities, fractionating urinary T H C 
metabolites 93 

Polyhydroxy derivatives of A ^ T H C .... 5 
Polyhydroxy metabolites, neutral 126 
Polymeric octadecylsilane to analyze 

1 l-nor-A 9-THC-9-carboxylic 
acid, mobil phase studies using ... 196i 

Polymeric octadecylsilane column 193 
Polyoxvgenated metabolites of 

A ^ T H C 5/ 
Probability Based Matching 

(PBM) 93-112 
algorithm 96 
Confidence Indices 97/, 100,101 
G C / M S , A 9 - T H C and its metabo

lites in human urine by 93 
software 102 

Properties of A 9 - T H C , physico-
chemical 15 

Protein ( s ) 
binding, T H C 17, 19 
- l l - n o r - A 9 - T H C - 9 - C O O H complex.. 54 
plasma 54 

binding 19 
Protonated molecule ion 60, 68 
Psychomimetic activity 46 
Purification of cannabinoids 19 
Purification by T L C 208 
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Q 
Quadrupole MS 53 
Quaternary ammonium hydroxide 88 

R 
Rabbit(s) 143,146,156 

antisera 157 
feces 9/ 
immunized with immunogen, anti

sera titers for 147/ 
liver microsomes 4, 86 

metabolism of A X - T H C by 4t 
plasma 87 

l l -hydroxy-A 9 -THC in 90 
urine 9/ 

radiochromatogram of T H C 
metabolites in hydrolyze

radioimmunochromatogra
T H C metabolites in hydro
lyzed 169/ 

Radioactive label 155 
Radioactivity 9/ 

ether-extractable 9/ 
in Rhesus monkey urine 107 

Radiochemical analyses of 1 4 C -
A 9 - T H C 31 

Radiochromatogram of T H C metabo
lites in hydrolyzed rabbit urine . . . 169/ 

Radioimmunoassay (RIA) 137-172,207 
of cannabinoid compounds 137-153 
of cannabinoids 155 
of A 9 - T H C 144/ 
use in epidemiological studies 165 

Radioimmunochromatogram ( s ) of 
hydrolyzed urine 171/ 
plasma samples 170/ 
T H C metabolites in hydrolyzed 

rabbit urine 169/ 
Radioiodinated THC-copolymer, 

binding of 156 
Radioisotope 148 
Radio-label 47 

procedure, T L C — 44 
Radio-labeled cannabinoids 39 
Radio-labeled thin layer chroma

tography 39 
Radioligand(s) 137-153 

comparison of cross-reactivity to 
A 9 - T H C antiserum using 152/ 

iodinated 148,150 
specific activity of 148 
synthesis of 1 2 5 I 150 
A 8 - T H C tritium labeled 146 

Rat(s) 
blood 6 
infant 133 
liver microsomes 3 

transformation of A ^ T H C by 8 

Rat(s) (continued) 
metabolite of A 9 - T H C in 53 
plasma 62 
urine and feces 9/ 

Red blood cell distribution coefficient 19 
Red blood cells, dog 19 
Retention time, G C 96,101 
Retention volumes of 11-hydroxy-

A 9 - T H C and A 9 - T H C for 
reverse-phase H P L C 22/ 

Reverse-phase column 119,167 
/A-Bondpak-Cis 65 
/ * - C 1 8 49 

Reverse-phase H P L C 19, 20, 23, 
24/, 65,118,193 

retention volumes of 11-hydroxy-

Reversible acid-catalyzed hydration .. 27 
Rhesus monkey urine 

1 4 C-THC-dosed 93 
ether extractability of A 9 - T H C in 

vivo metabolites from unhydro-
lyzed 108/ 

in vivo metabolites in 95/ 
radioactivity in 107 

RIA (see Radioimmunoassay) 
Rubber stoppers, diffusion of A 9 - T H C 

into 34 
Ryhage separator 53 

S 

Salting-out coefficients 15 
Scintillation, liquid 13,148 

analysis of the total C 1 4 collected as 
A 9 - T H C on normal-phase 
H P L C 32/ 

counting 156 
Search mode, reverse 96 
Selected ion current profiles (SICP) .. 107 

ofA 9 - T H C - l l - o i c acid 106/ 
Selected ion monitoring 

(SIM) 59, 63/, 68,96 
analysis 60 
chromatograms 64 
CI mass spectrometry and 68 
quantitation, mass fragmento-

graphic-type 101,102 
self-adapting 98 

technique 97 
of A 9 - T H C 63/ 

Separation of cannabinoids 130/ 
normal phase H P L C 21/ 

Separator(s) 53 
Ryhage 53 
silylated glass jet 53 
Watson-Biemann 53 
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Sephadex 
column 186 
- H P L C analysis of marijuana smok

ers plasma compared to 
H P L C - M S analysis 188* 

- H P L C for analysis of A 9 - T H C 187* 
LH-20 chromatography 42 

Serum albumin, bovine 141,143 
Serum, A 9 - T H C in human 81 
Sheep 156,160/ 

conjugate immunogenicity in 159i 
SICP ( see Selected ion current 

profiles ) 
Side-chain 

hydroxylations 4 
hydroxyls 2 
oxidation 11 

Silica gel column 17
polar 18

Silica gel T L C 127 
analysis of urine 125 

Silicic acid 27 
Siliclad coated glassware ( aqueous-

silicone) 27 
Silylated 

cannabidiol in plasma 77 
ether extract of human urine, 

chromatogram of 109/ 
glass jet separator 53 

Silylation 75 
procedure, vapor-phase 64 

SIM (see Selected ion monitoring) 
Simultaneous dual wavelength ab-

sorbance detection for H P L C 
analysis of cannabinoids in bio
logical fluids 116 

Smoking marijuana, indicator of 
degree of physical impairment 
caused by 112 

Software, Probability Based 
Matching 102 

Solubility determination by particle-
size counter 15 

Solvent 
extraction 71,177-203 
fractionation 108 
gradient profile 66 
partitioning, fractioning in vivo 

T H C metabolites by 93 
polar 87 
systems 208-222 

benzene 208-222 
benzene-acetone 208-222 
chloroform 208-222 
cyclohexane 208-222 
cyclohexane-ethyl acetate 208-222 
cyclohexane-acetone-triethyl-

amine 208-222 

Solvent (continued) 
hexane-benzene 208-222 
hexane-ether 208-222 
tetrahydrofuran—hexane 23 

Sonication 43 
Specific activity ( S A ) 

o f 1 4 C D A N S - C l 209 
of 3 H 2 A 9 - T H C 209 
of the radioligand 148 

Spectral analysis, off-line 133 
Spectrometer, ion-pumped quadru-

pole mass 102 
Spectrometry, mass ( MS ) 81,179 

capillary gas chromatography-
chemical ionization 65 

-gas-liquid chromatography 
( G L C - M S ) 40 

Spectrophotometric determination of 
the pk' a of A 9 - T H C 16/ 

Spectrum, contracted 96-102 
ofethanol 99/, 100/ 
A 9 - T H C - l l - o i c acid/TMS 109/ 

Spectra, mass, of the bis-TMS deriva
tive of l l - n o r - A 9 - T H C carboxylic 
acid, methane-ammonia 68 

Spectra, mass, of the T M S ether 
of A 9 - T H C 62* 

Squirrel monkey, cannabinoids in 
milk of 133 

Stability of A 9 - T H C in acidic media .. 26 
Stability of T H C in aqueous solutions 26 
Standard curve for A ^ T H C - T M S 

in plasma 76/ 
Standards, internal 53,189 

deuterated 42 
3 H 2 A 9 - T H C as 208 

Steric hindrance 125 
Steroids 83 
O-Succinoyl antibody 146 
Support-coated open tubular column .. 68 

Τ 
Tandem alkylamine—alkylnitrile 

columns 190-192 
Tetrahexyl ammonium hydroxide 85 
Tetrahydrocannabinol ( T H C ) 20,39 

antibodies 159 
antisera raised against 155 
in aqueous solution, stability of 26 
assay standard curve of 161/ 
in blood 17 
—bovine serum albumin conju

gation reactions 157/ 
compounds 127,128 
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T H C (continued) 

-copolymer, binding of radio-
iodinated 156 

cross-reacting cannabinoid 
( T H C - C R C ) 162 

plasma 166/ 
levels in 163i 
metabolites in 169 

urinary 165/, 167 
levels 163f, 164 

d 3-labeled 73 
d 7-labeled 73 
derivatization of 83/ 
deuterium labeled 73 
glass binding of 17 
—hemisuccinate-

albumin conjugate 158 
BSA 160
G L A T 158

in human blood plasma 73 
10-iodo-9-ureido linked 141 
metabolic analogs of 145 
metabolites 97, 98/ 

fractioning in vivo 93 
H P L C - c a p i l l a r y - G C C I - M S for 

simultaneous measurement 
of 71 

in hydrolyzed rabbit urine, 
radiochromatogram and 
radioimmunochromatogram 
of 169/ 

urinary 102, 171 
fractionating 93 

monohydroxy- 3 
-11-oic acid 171 
oral ingestion of I l l 
pentafluorobenzyl (PFB) deriva

tives of 89 
p K ' a of 15 
in plasma 17 
protein-binding 17, 19 
-protein conjugates 156,158, 161 

A^Tetrahydrocannabinol ( A ^ T H C ) .. 1-11 
allylic monohydroxy metabolites of 7 
CBN-7-oic acid from 7/ 
d,-labeled 73 
-d", 75 
derivatives, monohydroxy- 2 
detoxification products of 5 
formula of 74/ 
in humans, plasma levels of 9/ 
6-keto 3 
by liver microsomes 10i 
in man, elimination phase for 77 
metabolic transformations of 1 
metabolites from mouse liver 10 
metabolism at the 7-position 3/ 
metabolism by rabbit liver micro

somes At 

A ^ T H C (continued) 
3-OH- 3 
6«-OH- 4 
7-OH- 3 
-2"-oic acid, 3",4",5"-trisnor- 5 
-3"-oic acid, 4",5"-bixnor- 5 
-4"-oic acid, 5"-nor- 5 
-7-oic acid 4 
oxidation of 1/ 
7-oxo 3 
oxygenated metabolites of 2/ 
plasma levels of 8 
polyhydroxy derivatives of 5 
polyoxygenated metabolites of 5/ 
-mass fragmentograms of 78/ 
- T M S in plasma, standard curve for 76/ 
urinary monkey metabolites of 6 

d -labeled 73 
formula of 74/ 
in man, pharmacokinetic studies of 73 

A8-Tetrahydrocannabinol ( A 8 - T H C ) 20,129 
antigen, synthesis of 142/, 143 
5'-carboxy 142/ 
1 4 C D A N S - l l - O H - 217 
immunogen synthesis 140 
5'-iodo- 150 

i25j 0 f varying specific activity .... 151/ 
isomers 130 
and A 9 - T H C , crossreactivity be

tween 96 
tritium labeled 146,148 

radioligand 146 
A9-Tetrahydrocannabinol ( A 9 - T C H ) .. 13, 

20, 39-56, 59, 94,129 
in acid solution, instability of 35 
in acidic media, stability of 26 
acidic metabolite of 95 
antiserum 146 

comparison of cross-reactivity to 152/ 
in blood 40 

determination of 40 
quantitation of 71 

5'-carboxy-, preparation of an 
immunogen from 146 

-9-carboxylic acid, 11-nor- 59,176 
in blood, determination of 41 

deuterated analogs of 66 
excreted in urine 51/, 52/ 
in human plasma, H P L C analysis 

of 175 
methane-ammonia CI mass spec

trum of the bis-trimethyl-
silyl derivative of 68 

mobile phase studies using 
polymeric octadecylsiland 
to analyze 196i 

in plasma 54 
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A 9 - T H C (continued) 
deuterated analogs of ( continued ) 

plasma calibration curve for 51 
T M S , d 0 - 68 
T M S , d 3 - 68 
in urine containing blood 54 
in urine, determination of 41 
CBN-metabolic route of 128 

CBN-type metabolic products of .... 127 
CBN-type metabolite of 124 
chemical derivatization of 208/ 
CI mass spectrum of T M S deriva

tive of 60 
CI mass spectrum of T M S ether of .. 62f 
contaminant of degraded 25 
-9-COOH, 11-nor-

extracted from human plasma 50/ 
in human urine 50
in plasma, comparison of G L C

MS and T L C analysis of 52i 
protein complex 54 
in urine, comparison of G L C — 

MS and T L C analysis of 52f 
crossreactivity between A 8 - T H C 

and 96 
-do 61 
- d , 61 
D A N S - , synthesis 212 
1 4 C D A N S -

activity 221 
1 4 C 208,222 
extraction 215 
spot, elution of the 208 

deuterated analogs of 66 
deuterium-labeled 59 
8,11-dihydroxy- 126 
8a,ll-dihydroxy- 107 
1,11-dimethyl-ll-hydroxy- 84 
in dog plasma 81 
EI mass spectrum of T M S 

derivative of 60 
EI mass spectrum of T M S ether of 62f 
ethylation of 88 
excreted in urine 51/ 
extractability of 95/, 108/ 
flow diagram for analysis of 60/ 
glass binding of 18/ 
G L C characterization of acid degra

dation of H P L C purified 26t 
in human plasma 47/ 

H P L C analysis of 175 
in human serum 81 
in human urines, unmetabolized .... 134 
11-hydroxy- 20, 39-56, 84, 94,176 

as an active metabolite 91 
in blood, determination of 40 
in the dog, beta phase half life of 86 
ethylation of 88 

A 9 - T H C (continued) 
11-hydroxy- ( continued ) 

in human plasma 47/ 
metabolism of 85/ 
1-O-methyl ether of 85 
oxidation of A 9 - T H C to 86 
plasma calibration curve for 46/ 
in rabbit plasma 90 
for reverse-phase H P L C , reten

tion volumes of 22/ 
-bis-TMS ether 43 

3 H-ll-hydroxy- 20 
immunogen synthesis 140 
in vitro metabolism of 40 
in vivo metabolism of 40 
in vivo metabolites from unhydro-

lyzed Rhesus urine, ether 

mass spectra of T M S ether of 61/ 
metabolic alterations of 140 
metabolism of 82/ 
metabolite in the rat 53 
and its metabolites 

H P L C analysis of 115 
in human urine by probability 

based matching ( PB M ) 
G C / M S 93 

simultaneous determination of .... 90 
into milk, transfer of 134 
monohydroxylic metabolites of 85 
on normal-phase H P L C , liquid 

scintillation analysis of C 1 4 

collected as 32/ 
-11-oic acid 107,119 

conjugated (bound) 110 
in hydrolyzed urine, concentra

tion of 111/ 
Olfax II GS assay for 112 
selected ion current profile 

(SICP) of 106/ 
—TMS analysis, confirmation-

mode 105/, 110/ 
—TMS contracted spectrum 109/ 
unbound urinary 125 
unconjugated (free) 108,110,112 
unhydrolyzed urine, concentra

tion of 111/ 
with pentafluorobenzyl bromide, 

alkylation of 89/ 
1-O-perdeuteriomethyl- 83 
physicochemical properties of 15 
in plasma 40, 48/, 208 

analysis of 148 
calibration curve for 44/ 
by dansylation and double label

ing, detection and quantitation 
of 207-222 
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A 9 - T H C (continued) 
in plasma ( continued ) 

effect of H P L C separation of 
G L C analysis of 23 

extraction of 208 
to plasma proteins, binding of 19 
into plastic of containers, diffusion 

of 34 
for reverse-phase H P L C , retention 

volumes of 22/ 
RIA of 144/ 
into rubber stoppers, diffusion of .... 34 
selected ion monitoring of 63/ 
Sephadex-HPLC for analysis of .... 187£ 
solubilities of 15, 87 
spectrophotometric determination 

o f t h e p K ' a o f 16/ 
-TMS-do 6
- T M S , d 0-ll-hydroxy- 6
- T M S , d 3-ll-hydroxy- 68 
with trifluoroethyl iodide, deriva-

tization of 90/ 
tritium-labeled 44 
urines, ^-glucuronidase/aryl 

sulfatasehydrolyzed 94/ 
Δ 9 1 ^Tetrahydrocannabinol 189 
1 4 C-THC-dosed Rhesus monkey urine 93 
1 4 C - A 9 - T H C 19,20,133 

extraction 210 
plasma levels of 8/ 
plasma suspensions of 13 
radiochemical analyses of 31 

d 0 - A 9 - T H C - T M S 64 
d , - A 9 - T H C - T M S 64 
3 H - T H C from antibody binding 

sites, displacement of 161/ 
3 H - T H C antibody-bound 158 
3 H 2 A 9 - T H C 

as internal standard 208, 222 
specific activity (SA) of 209 
tritium-labeled 35 

Tetrahydrofuran ( T H F ) 19,21/ 
-hexane solvent system 23 

T H C ( see Tetrahydrocannabinol ) 
T H F ( see Tetrahydrofuran ) 
Thin layer chromatography ( T L C ) .... 47 

analysis of l l -nor -A 9 -THC-9-
C O O H , comparison of G L C -
MS and 52* 

fractioning in vivo T H C metabo
lites by 93 

one-dimensional 217 
separation of D A N S Y L - l l - O H -

A 9 - T H C and A 8 - T H C by 220/ 
separation of neutral dansyl 

cannabinoids by 218/ 
plates 216 

cellulose and alumina 216 
silica gel 216 

T L C (continued) 
purification 208, 221 
-radio-label procedure 44 
radio-labeled 39 
silica gel 127 
two-dimensional 216 

separation of dansyl cannabi
noids by 219/ 

T M S (see Trimethylsilyl) 
Tolerance, window 99,100/ 
Toluene, extraction with 87 
Transformation of A J - T H C by liver 

microsomes 8 
Trifluoroethyl iodide 89 

derivatization of A 9 - T H C with 90/ 
Triglycerides 129 
Trimethylanilinium hydroxide 83 

acid 68 
d 0 - A 9 - T H C - 61, 64 
d 3 - A 9 - T H C - 64 
derivative of A 9 - T H C , EI and CI 

mass spectra of 60 
ether of A 9 - T H C , mass spectra of 61/, 62/ 

T M S A ^ T H C - in plasma, standard 
curve for 76/ 

- A 9 - T H C - l l - o i c acid 105/, 109/, 110/ 
treatment of glassware 17 

bis-Trimethylsilyl 
derivative of l l - n o r - A 9 - T H C car-

boxylic acid, methane—ammo
nia CI mass spectrum of 68 

ether 44 
l l -hydroxy -A 9 -THC 43 

trifluoroacetamide 67 
Trimethylsilylation 64 
3",4",5"-Trisnor-A 1-THC-2"-oic acid.. 5 
Tritiated radioligands, comparison of 

cross-reactivity to A 9 - T H C anti
serum using 152/ 

Tritium-labeled 
compounds 76, 77 
A 8 - T H C 146,148 
A 9 - T H C 44 
3 H - A 9 - T H C 35 

Tubular column, support-coated open 68 

U 
Unconjugated (free) A 9 - T H C - l l - o i c 

acid 108,110,112 
Underivatized cannabinoids 42 
«,β-unsaturated aldehydes 3 
Urinary 

creatinine levels 118 
monkey metabolites of A X - T H C 6 
A 9 - T H C - l l - o i c acid, unbound 125 
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Urinary (continued) 
T H C - C R C 164,167/ 
T H C metabolites 171 

8,11-dihydroxy-THC 171 
fractionating 93 
11-hydroxy-THC 171 
T H C - l l - o i c acid 171 

Urine(s) 207 
benzoyl ecgonine in 65 
calibration curve 51 
chromatograms of extracts of 109/, 

120/, 122/, 123/, 126/, 127/ 
comparison of G L C - M S and T L C 

analysis of l l -nor -A 9 -THC-9-
C O O H in 52f 

concentration of A 9 - T H C - l l - o i c 
acid in 111/ 

containing blood, l l - n o r - A 9 - T H C
9-carboxylic acid in 5

determination of l l - n o r - A 9 - T H C -
9-carboxylic acid in 41 

dog, metabolites in 33 
enzyme hydrolyzed 104/, 107 
ether extractability of A 9 - T H C in 

vivo metabolites from unhy-
drolyzed Rhesus 108/ 

extracts, direct H P L C analysis of .... 128 
extracts, endogenous matrix level of 128f 
β-glucuronidase/aryl sulfatase-

hydrolyzed A 9 - T H C 94/ 
hexane extract of 122 
H P L C chromatogram of 66/ 
human 9/, 104/ 

l l - n o r - A 9 - T H C - 9 - C O O H in 50/ 
by probability based matching 

(PBM) G C / M S , A 9 - T H C 
and its metabolites in - 93 

recovery of cannabinoids from . . . 117 
unmetabolized A 9 - T H C in 134 

hydrolyzed 93, 94 
radioimmunochromatogram of .... 171/ 

metabolites in 8 

Urine(s) (continued) 
ll-nor-A 9-THC-9-carboxylic acid 

excreted in 51/, 52/ 
pharmacokinetic data in 55 
rabbit 9/ 

radiochromatogram of T H C 
metabolites in hydrolyzed .... 169/ 

radioimmunochromatogram of 
T H C metabolites in hydro
lyzed 169/ 

rat 9/ 
Rhesus 

in vivo metabolites in 95/ 
radioactivity in 107 
1 4 C-THC-dosed 93 

silica gel, T L C analysis of 125 
specimens, T H C - C R C in 165/ 

A 9 - T H C excreted in 51/ 
unhydrolyzed 93, 94 

U V 
absorbance detectors, fixed wave

length 115 
absorption 179 

chromatogram 66 
cutoff 183 
- H P L C , analysis 179 
monitoring of H P L C effluent 183 

V 
Vapor-phase silylation procedure 64 
Voltage alternator, accelerating 

( A V A ) 43,53 
Vortex agitator 43 

W 

Watson-Biemann separator 53 
Window, tolerance 99,100/ 
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