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PRYOR, G. T., S. HUSAIN AND C. MITOMA. Influence of  fasting on the absorption and effects o f  
A9-tetrahydrocannabinol after oral administration in sesame oil. PHARMAC. B1OCHEM. BEHAV. 6(3) 331-341, 1977. - 
Tissue levels of 3 H were higher 2 hr after oral administration of 3 H./xg.THC (10 mg/kg in sesame oil) to male Fischer rats 
in the morning compared with treatment in the afternoon. A corresponding reduction in potency was seen for the 
impairing effect of /x 9-THC on performance of a conditioned avoidance response (CAR). The hypothesis that these effects 
were related to the interval between feeding (which normally occurs during the night in the nocturnal rat) and drug 
administration was supported when they were mimicked in overnight fasted and ad lib fed rats. Food deprivation decreased 
the rate of gastrointestinal absorption of a4C-/Xg-THC in sesame oil. Peak plasma levels of 14C occurred 2 -4  hr after 
administration in fed rats compared with 8 hr in fasted rats. When tested 2 hr after oral administration, A9.THC caused 
significantly greater impairment of CAR performance in fed than fasted rats, whereas the opposite was found after 8 hr. 
Extraction and subsequent thin layer chromatography of plasma and brain from fed and fasted rats sacrificed 2 or 8 hr 
after oral administration of 10 mg/kg ~ 4 C_/X9-THC showed that brain levels of 11-hydroxy-A 9-THC rather than A9-THC 
were correlated with the behavioral effect. 

/x 9 -THC 1 l -OH -A9 -THC Conditioned avoidance response Gastrointestinal absorption of/x 9 -THC 
Plasma and tissue levels of A 9 -THC Effects of food deprivation 

WE HAVE been engaged in an extensive evaluation of  the a f te rnoon.  These observat ions  p r o m p t e d  the series of  
behavioral ,  pharmacological ,  and metabol ic  in te rac t ions  exper iments  described here, the results of which provide 
be tween  / ,9_ te t rahydrocannabino l  (A 9-THC) and a n u mb er  s t rong evidence that  the digestive state of  the rat at the 
of  o the r  drugs in rats [15, 16, 17]. To avoid any possible t ime of  oral adminis t ra t ion  of  Ag-THC in sesame oil 
direct chemical  in te rac t ions  be tween  A~-THC and the o the r  i n  f l u e n c e s  b o t h  t h e  p h a r m a c o k i n e t i c s  a n d  
drugs we adminis tered  each by a separate route .  We used pha rmacodyamics  of  the c o m p o u n d  in an unexpec ted  way. 
sesame oil as the vehicle for Ag-THC based on solubil i ty Moreover,  the results suggest that  the pharmacological ly 
character is t ics  o f  A~-THC, ease of  prepara t ion,  storage ac t ive  metabol i te  o f  A~-THC, l l -hydroxy-A~- te t ra  - 
qualities, and the absence of  any appreciable  acute or hydrocannab ino l  (11-OH-A 9-THC), ra ther  than /x~-THC 
subacute  toxic  or pharmacologica l  e f fec ts  of  sesame oil itself, may have been responsible for the impa i rment  in 
alone [19] .  Other  solubilizers or dispersing agents such as pe r fo rmance  of  a cond i t ioned  avoidance response (CAR). 
e thanol ,  p ropy lene  glycol, or po lysorba te  were d i scoun ted  
because they  have been repor ted  to have pharmacological  EXPERIMENT 1 

effects  of  their  own (e.g. [3, 19, 2 1 ] ) a n d  the possibil i ty of  Effects  o f  Subacute  Treatment  with zx9-THC on Tissue 
their  in terac t ing  wi th  / ,9 .THC and /o r  the o the r  drugs was a Levels o f  zx 9-THC and Its Metabolites." Differences in 
compl ica t ion  we wished to avoid. Because we used sesame 
oil as the vehicle for a ,"-THC and subacute  t r ea tmen t  was Morning or A f t e rnoon  Adminis trat ion o f  3 H-zx 9-THC 

involved, we also chose the oral route  of  adminis t ra t ion .  The data presented  below were compi led  f rom a series of  
The o ther  drugs were dissolved in an aqueous  vehicle and 3 exper imen t s  designed to investigate the in terac t ions  
adminis tered  IP. be tween  Ag_THC and o the r  drugs. The data were analyzed 

During the course of  this invest igat ion we observed what  with respect  to the effects  on tissue levels of  -' H of (a) 
appeared to be a major  d i f ference  in the absorp t ion  and subacute  p re t r ea tmen t  for 6 days wi th  sesame oil or 
effects  of  a9 -THC when given in the morning  or in the unlabeled /x~-THC before adminis t ra t ion  of ~H-/,~-THC 

J This research was supported by Contract HSM-42-72-182 between the National Institute on Drug Abuse and Stanford Research 
Institute. The cannabinoids used were supplied by the NIDA. The authors wish to thank Ferol Larsen, Janet Cart, Janet l:razier, and Tom 
Steeger for their technical assistance and Dr. Albert J. Siemens for his helpful suggestions in the preparation of this manuscript. 
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and (b)  a d m i n i s t r a t i o n  of  "H-zx 9-THC in the  m o r n i n g  or in Cor rec t ion  for  q u e n c h i n g  was made  with a u t o m a t i c  
the a f t e r n o o n ,  ex te rna l  s t anda rd i za t i on  and reference  to a previously 

p repared  q u e n c h  curve. The cpm were conver t ed  to ug/nl l  
Method or ~g/g of  zx '~-THC equiva len ts  in each tissue based on tile 

Animals. Male rats  of  the  inbred  Fischer  s t ra in  were specific act ivi ty of  the  admin i s t e red  ~tt-Lx"-TH('. The 
used. They  were 55 to 60 days old (140  to 160 g) when  rad ioac t iv i ty  in the  gas t ro in tes t ina l  t rac t  was expressed as a 
received f rom S imonsen  Labora tor ies ,  Gi l roy,  Cal ifornia .  percen tage  of  the  admin i s t e red  radioact iv i ty .  
They  were housed  singly in wire mesh  hanging  cages wi th  Data analysis. The data  in this and subsequen t  
food  and wate r  available at all t imes  t h r o u g h o u t  the  expe r imen t s  were first ana lyzed for  s tat is t ical  reliabil i ty 
ex pe r imen t .  The a m b i e n t  t e m p e r a t u r e  was 22°C and the  using an appropr i a t e  analysis  of  var iance [9 ] .  Selected pairs 

of means  were then compared  by t-test  using the pooled 
lights in the  an imal  room were tu rned  on at 0700  and off  at  

wi th in  group variance and associated degrees of f reedom 
1900 daily, f rom the analysis  of variance.  

Treatment and sacr@ce. Separate  groups  of  15 rats each  
were i n t u b a t e d  wi th  2 ml /kg  sesame oil or 10 mg/kg  Results 
A~-THC (in sesame oil, 2 mI /kg)  daily for 6 days. On the  
seventh  day each animal  was i n t u b a t e d  wi th  10 mg/kg  The c o n c e n t r a t i o n s  of  ~H in each tissue and for each 
3 H - ~ - T H C  (67.9 ~Ci /kg)  and sacrif iced 2 hr later. This  group are shown  in Fig. l. The results  of  the analyses of 
t ime  of sacrifice was chosen  to coinc ide  wi th  the beginning  variance c o m p u t e d  for  each tissue are summar ized  in "Fable 
o f  behaviora l  tes t ing  in parallel  e x p e r i m e n t s  and 1. None of  the  2-way in te rac t ions  be tween  repl ica t ions  and 
co r r e sponded  to the  a p p r o x i m a t e  t ime of  peak effect  by the o t h e r  main  effects  were s ta t is t ical ly  significant .  
this  route  of  a d m i n i s t r a t i o n  in sesame oil [15, 16, 17] .  The Therefore ,  the  data for the three  e x p e r i m e n t s  were 

H-A 9-THC was admin i s t e red  at 0835  (N = 9) or 1305 (N = c o m b i n e d  in Fig. 1. 
6) in the  groups  p re t r ea t ed  subacu te ly  wi th  sesame oil and In all t issues excep t  per i renal  fat ( p > 0 . 0 5 )  subacu te  
at 0925  (N = 9) or 1355 (N = 6) in the  groups  p re t r ea t ed  p r e t r e a t m e n t  wi th  10 m g / k g / d a y  A" -THC for 6 days caused 
subacu te ly  w i t h ± ' ) - T H C ,  a s ignif icant  increase in rad ioac t iv i ty  derived f rom the 

Procedure. Tota l  rad ioac t iv i ty  ( represen t ing  u n c h a n g e d  ~H -/ ,~ '-TttC given 2 hr  earlier on  the seventh  day compared  
,x ~-THC plus any  me tabo l i t e s )  was d e t e r m i n e d  in plasma,  wi th  sesaine oil p re t rea ted  con t ro l s  (all Fs:-.10.4 all 
bra in ,  liver, k idney ,  lung, hear t ,  per i renal  fat ,  small p s < 0 . 0 1 ) .  Also, the rad ioac t iv i ty  was s ignif icant ly  higher  in 
in tes t ine ,  and large in tes t ine .  A l i q u o t s ( 0 . 1  ml)  o f p l a s m a o r  all t issues when  the ' H - ~ " - T H C  was given in the morn ing  
a wate r  h o m o g e n a t e  (1 :3 ,  w/v)  of  each tissue were compared  wi th  admin i s t r a t i on  in t h c a f t e r n o o n  (all F s~5 .2 ,  
t ransfer red  to a c o u n t i n g  vial. The h o m o g e n a t e  of  the all p s < 0 . 0 5 ) .  The in te rac t ion  te rms be tween  p r e t r c a t m e n l  
gas t ro in tes t ina l  organs inc luded  the i r  con ten t s .  Excessive dosing and t ime of  ~H-~x"-TH(' admin i s t r a t i on  were 
co lo ra t ion  of  each so lu t ion  was r emoved  by  hea t ing  at 60 ' 'C s ignif icant  in plasma,  brain,  k idney,  and hear t  and t rends  in 
for  a p p r o x i m a t e l y  20 min  af te r  adding  3 or  4 d rops  of 305/~ this d i rec t ion  were evident  in the o the r  tissues. 
hyd rogen  peroxide .  After  adding  I0 ml of  Scintisol- Compar i sons  be tween  pairs of  means  showed ~hat 
C o m p l e t e  ( Isolab,  Inc.)  the rad ioac t iv i ty  in each radioact iv i ty  was s ignif icant ly  higher  a f te r  subacu te  
sample was q u a n t i t a t e d  using a Beckman  LS-250 l iquid p r e t r e a t m e n t  wi th  ~" -TH("  than in sesame oil p re t rea tcd  
sc in t i l la t ion  sys tem.  Each sample was c o u n t e d  in dupl ica te ,  cont ro l s  when  ~ H - a " - T H C  was admin i s t e red  in the morn ing  

T A B L E  1 

F-RATIOS AND ASSOCIATED DEGREES OF FREEDOM FROM THREE-WAY ANALYSES OF 
VARIANCE OF RADIOACTIVITY IN PLASMA AND OTHER TISSUES 

Source of Variance 
Reps. Pretreat- Time 

Tissue (R) ment (P) (T) R x P R x T P x T R x P x T 

Plasma 8.6I 32.9t 29.4t 1.3 1.4 12.0" 1.(1 
Brain 2.6 14.3t 19.5~ (}.0 1.7 4.7* 0.8 
Liver 0.9 10.4+ 6.7t 1.6 1.4 1.5 0.1 
Kidney 0.7 20.9t 13.9I 1.2 0.5 5.9* 0.9 
Lung 0.6 19.8~ 12.3+ 2.8 2.0 2.1 2.0 
Heart 0.7 20. I t 15.3+ 0.8 1.6 5.2" 0.4 
Fat 5.9* 4.0 5.2* 1.2 0.0 1.4 1.3 

Degrees of 
Freedom 2,18 1,18 1,18 2,18 2,18 1,18 2,18 

*p <0.05. 
tp<0.01.  
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HG. 1. Tissue distribution of" radioactivity in rats intubated with 10 mg/kg 3 H_Ag_THC (67.9 ~Ci/kg) in the morning or 
afternoon and sacrificed 2 hr later. The rats were prctreated for 6 days with sesame oil (SO) or 10 mg/kg ,59-TtIC. Values 
t'or the Upper G[ tract arc expressed as a percentage of the administered radioactivity. Values for the other tissues are 

expressed as ug equivalent of a 9 -THC per ml plasma or per g wet tissue. 

(all ts> 2.82, all psi<0.05). However,  when 3 H_69_THC was orally in sesame oil were significantly inf luenced by the 
given in the a f t e rnoon ,  the increase in radioact ivi ty  caused time of day when the drug was adminis tered.  Since the rat 
by subacute  p r e t r e a t m e n t  with / ,~-THC was only is noc turna l  and does most  o f  its feeding at night,  the 
significant in k idney,  t = 2.7, p < 0 . 0 5 ,  a l though t rends  in con ten t s  of  the gastrointes t inal  tract  at the t ime of oral 
this d i rect ion were evident  in all o ther  tissues. Conversely,  adminis t ra t ion  of  zx~-THC could inf luence its absorp t ion  
the di f ferences  in radioact ivi ty  that  were seen be tween  and, therefore ,  the tissue levels at tained.  Thus, t r ea tmen t  in 
morn ing  and a f t e rnoon  adminis t ra t ion  were mos t  evident  in the a f t e rnoon  would be expec ted  to be on a relatively 
the groups pre t rea ted  subacute ly  with / ,9-THC (all t s>2 .4 ,  e m p t y  s tomach  compared  with adminis t ra t ion  in the 
all p s<0 .05 ) ;  the di f ference was significant only in kidney morning.  The co n t en t s  of  the s tomach  are known  to affect  
(t = 2.8, p < 0 . 0 5 )  in the groups pre t rea ted  with sesame oil, absorp t ion  of  drugs by inf luencing gastric pH, rates of  
a l though the same t rends  were evident  in all o the r  tissues, empty ing ,  and intest inal  mot i l i ty  [4] .  Indeed,  most  drugs 

The radioactivi ty remaining in the gastrointes t inal  t ract  are absorbed be t t e r  f rom an e m p t y  ra ther  than a full 
was be tween  80 and 90% of  the adminis tered  dose of s tomach  which leads to an expec ta t ion  of  results just  the 
-~I-t-±~-THC. There were no significant d i f ferences  in opposi te  of  those found for ~" -THC in Exper iment  1. 
residual radioact ivi ty in the gas t ro intes t inal  tract  among the However,  this effect  applies primarily to drugs in aqueous 
groups that  could account  for  the d i f ferences  in the various vehicles and food in the s tomach  accompanied  by an active 
tissues. However,  even small d i f fe rences  in absorp t ion  that  digestive state might actually facilitate absorp t ion  of  
might  have been obscured  by the variability in the data A~-THC from sesame oil. Therefore ,  we compared  the 
might have resulted in large di f ferences  in tissue levels, plasma and tissue levels of  radioact ivi ty  derived from 
Also, since a~-THC is rapidly and extensively metabo l ized  -' H-a~-THC in animals fasted overnight  with those in 
and its metabol i tes  are excre ted  mainly via the bile [ 1,7],  nonfas ted  animals when the :~ H-a ~ -THC was given orally in 
values for the gastrointest inal  t ract  may no t  represent  sesame oil or in a Tween-80-saline formula t ion .  
unabsorbed  and unmetabo l i zed  3 H_A~-THC only.  

M e t h o d  
E X P E R I M E N T  2 

E f f e c t  o f  Fas t ing  and Vehiele on Tissue Levels  o f  zx 9-THC The age, strain, and sex of  the rats were the same as in 
Exper imen t  1. One group of 20 animals was t reated daily in 

and I ts  Me tabo l i t e s  the morning  for 6 days with 10 mg/kg /,'~-THC suspended 

The results p resen ted  for Expe r imen t  1 indicated that  in 10%, Tween-80 in saline. Ano the r  group of 18 animals 
the tissue levels of radioact ivi ty f rom ~H-/,~-THC given was t reated similarly with 10 mg/kg zx~-THC dissolved in 
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sesame oil. All t rea tments  were given by intragastric PLASMA BRAIN 

in tuba t ion  in 2 ml /kg of  the vehicle. Food  was removed [ /5123 Fed 
from half of  the animals in each group at 1600 on the sixth t ~ Fa~t~d 
day. On the morning of  the seventh day 10 mg/kg  1.6 _ ~  
3H-/`9-THC was given orally in the respective vehicles III~.IF 
(Tween-80,  80 uCi/kg;  sesame oil, 227 uCi/kg)  and the 
animals were sacrificed 2 hr later. Concent ra t ions  of 3H 1.2 . ~  - 
were de termined  in plasma, brain, and liver by the me thods  | 

l . .  described in Exper iment  l. 0.8 

R suits + 

0.4 ....... :ii Fasting significantly affected the levels of  radioact ivi ty  ~ .... ::::;: 
in all 3 tissues, but  the direct ion of  the effect  depended on 
the vehicle used (Fig. 2). The interact ion term of each I : : : i  
analysis of  variance was significant (all Fs(1,31)/> 15.6, all g L IVER GI 

ps<~0.001). When 3 H. / `9-THC was given in Tween-80-saline ~ 
significantly higher plasma and tissue levels of  radioact ivi ty  ~- / z 
were found in fasted compared  with fed animals, whereas 

2 : 1 6 . 0  - - -  0 .8  
the opposi te  was found when sesame oil was used as the o 

I vehicle. This la t ter  result is the same as observed in z 
E x p e r i m e n t  I comparing morning and af te rnoon 12.0 -- o.6 
adminis t ra t ion of  3H_/`~_THC and suggests that  the 
d i f f e r e n c e o b s e r v e d i n t h a t e x p e r i m e n t  c o u l d b e a c c o u n t e d  ~ ~ _  
for in part,  at least, by the digestive state of  the animals at 8.o o.4 
the t ime of  t rea tment .  The highest levels of  radioact ivi ty 2 
hr af ter  adminis t ra t ion were achieved when 3H-A')-THC 4.0 0.2 
was given in Tween-80-saline to fasted animals and the 
lowest levels were achieved when 3 H-/` 9_THC was given in 
sesame oil to fasted animals. Radioact ivi ty  remaining in the 
gastrointest inal  tract  did not  reliably different ia te  the TS0 SO V80 SO 

V E H I C L E  

various groups. FIG. 2. Tissue concentrations of radioactivity in fed or fasted rats 
intubated with 10 mg/kg 3H-Ag-THC in Tween-80-saline (8(1 

EXPERIMENT 3 ~Ci/kg) or sesame oil (227 #Ci/kg) and sacrificed 2 hr later. The rats 
were pretreated for 6 days with 1(t mg/kg 2x"-TftC in their 

Time Course o f  Rad ioac t i v i t y  in Plasma A f t e r  Admin i s t ra -  respective vehicles. Values for lhe GI tract are expressed as a 

t ion o f '  4 C./`9 -T I tC  to Fed  or Fas ted  Ra t s  percentage of the administered radioactivity. Values for the other 
tissues are expressed as ug equivalents of /`~'-THC per ml plasma or 

The results of  the first 2 exper iments  clearly established per g wet tissue. 
that higher levels o f  radioact ivi ty  were achieved 2 hr after 
oral adminis t ra t ion of  3 H_/`~_THC in sesame oil to animals centr i fugat ion,  a constant ,  30 mm section of each pipet 
that had recent ly eaten compared  with animals that  were containing 30 ul of  the plasma was transferred to a 
purposely fasted or  were presumed to have been voluntar i ly  count ing vial containing 10 ml of  Ox i f luo r - l l 20  TM (New 
wi thout  food for several hr. Thus, the absorpt ion of  England Nuc l ea r ) fo r  de terminat ion  of radioactivity.  
Ag_THC in sesame oil as well as Tween-80-saline appeared 
to be inf luenced,  albeit  in opposi te  directions,  by the Resu l t s  

digestive state of  the animal at the t ime of drug administra- The amounts  of  radioactivi ty in plasma increased to 
tion. However ,  these results were obta ined  at only 1 t ime reach a peak between 2 and 4 hr after administrat ion of  
point  after administrat ion of  ~H-A~-THC. To provide * " C - / ` ~ - T H C i n  the g r o u p o f a n i m a l s a l l o w e d f r e e a c c e s s t o  
fur ther  evidence for this hypothesis ,  we compared  the t ime food (Fig. 3) and declined thereafter .  In contrast ,  plasma 
course of  plasma radioact ivi ty  derived from ~4C-/`~-THC levels of  radioact ivi ty  in the fasted animals were lower 
administered orally in sesame oil to fed and fasted animals, during the first 4 hr than in the fed animals and did not 
Any difference in the rate of  absorpt ion would presumably reach a peak until about  8 hr. The peak levels of  
be ref lected in a difference in the t imes at which peak radioact ivi ty achieved in both groups, a l though occurring at 
plasma levels of  radioact ivi ty  were reached, different  t imes after administrat ion,  were about  the same. 

The results of  this exper iment  clearly support  the hypothe-  
M e t h o d  sis that fasting retards the absorpt ion o f / , 9 _ T H C  in sesame 

Ten animals of  the same age, strain, and sex as those in oil f rom the digestive tract. 
the first 2 exper iments  were used. Food  was removed from 
5 of  the animals at 1600 on the day before the exper iment .  EXPERIMENT 4 

Beginning at 0830 the next  morning,  10 mg/kg E f f e c t  o f  Fasting, Vehicle, and R o u t e  o f  Admin i s t ra t i on  on 
~ C-/` ~-THC (40 uCi/kg,  2 ml/kg)  in sesame oil was given the I m p a i r m e n t  o r  Avo idance  Condi t ion ing  ( b u s e d  by 
by intragastric in tuba t ion  to each animal. Periocular  blood /` ~ -THC 
was sampled repeatedly in each animal 1 ,2 ,  4, 8, 12 and 24 
hr later using 70 ul heparinized,  disposable pipettes.  After  The differences in tissue levels of  radioact ivi ty  derived 
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I I ~ ~ ~ ~ in te r faced  wi th  a Digital E q u i p m e n t  Co rpo ra t i on  PDP 8 / F  
. . . . .  c o m p u t e r  ( loca ted  in an ad jo in ing  r o o m )  tha t  p rovided  
o---o ...... a u t o m a t i c  con t ro l  and  data  col lect ion.  

" x / ;  Procedure. The an imals  were t ra ined  in a single 30-trial  
°~ session to escape f o o t s h o c k  by  pull ing a 20-cm pole.  Each 

t _ _  / "" - - ,  trial lasted 30 sec unless  the  an imal  r e sponded  sooner .  The 
/ in te r t r i a l  in terval  was variable  and averaged 60 sec (15 to ,, 

g_ 0, / "" ~ learn to avoid f o o t s h o c k  by  pul l ing a 13-cm pole  in the  
~ ~ 120 sec). Then  they  were given 3 daily 60-trial  sessions to 

~ ' ~  presence of  each of  the  3 CS ( tone ,  l ight,  or nonavers ive  
8 foo t shock) ,  t ha t  p receded  the  UCS by 10 sec. The  CS and  

°~ -~ UCS rema ined  on  for  30 sec, unless the  trial  was t e r m i n a t e d  
l earlier by  a po le -d i sp lacement  response.  The 3 CS were 

]~ p resen ted  r a n d o m l y  for  20 trials each. The ent i re  60-tr ial  
0 I I I 1 I ~ session requi red  2 to 2.5 hr. The in te r t r ia l  in terval  was 1 2 4 8 i~ 24 

. . . . . . . . . . . . . . . . . . . . . . . . .  ,,c-~, .... variable,  averaging 1.5 min  (15 to 180 sec). This  schedule  

FIG. 3. Concentrations of radioactivity in the plasma of fed or typica l ly  results  in 80% avoidance  or b e t t e r  to  all 3 CS by 
fasted rats as a function of time after acute intubation of 10 mg/kg the end  of  t ra ining.  

~4C-Ag-THC (40uCi/kg). Af te r  acquis i t ion  of  the  CAR, food was r emoved  f rom 
46 animals  at 1600 the  n ight  before  the test.  The o t h e r  48 

f rom 3 H-and ~ 4 C_~9 -THC observed in the  previous  experi-  animals  c o n t i n u e d  on  ad l ib i tum food  access. On the  nex t  
men t s  are a c c o m p a n i e d  by  d i f fe rences  in the  pharmaco log i -  day 2 groups  were given sesame oil (2 ml /kg)  or 10 mg/kg  
cal ef fec t  of  A9_THC as well. As in E x p e r i m e n t  1, Ag.THC in 2 ml /kg  of  sesame oil b y i n t r a g a s t r i c  i n tuba t ion .  
re t rospec t ive  analysis  of  da ta  f rom o t h e r  e x p e r i m e n t s  in our  The o t h e r  2 groups  were given 10% Tween-80  in saline (2 
l abo ra to ry  showed  tha t  an imals  t r ea t ed  wi th  10 mg/kg  ml /kg)  or 10 mg/kg  zx9-THC in 2 m l / k g o f  Tween-80-sal ine  
~ 9 . T H C  in the  a f t e r n o o n  or early evening p e r f o r m e d  a by  IP in ject ion.  All animals  were tes ted  2 hr  af ter  the i r  
cond i t i oned  avoidance  response  (CAR)  s igni f icant ly  b e t t e r  respect ive acute  t r ea tmen t s .  The test  session was c o n d u c t e d  
t han  comparab le  an imals  t r ea ted  in the  morn ing .  Therefore ,  in the  same way as the  CAR t ra in ing  sessions. 
the  purpose  of  th is  e x p e r i m e n t  was to d e t e r m i n e  w h e t h e r  
or no t  the  a p p a r e n t  d iurna l  ef fec t  of ~x9-THC on CAR SESAME OIL TWEEN-80-SALINE 
p e r f o r m a n c e  was also re la ted  to the digestive s ta te  at  the  100 Control 
t ime of  drug a d m i n i s t r a t i o n  and,  t he re fo re ,  cor re la ted  wi th  7 -  ~ Ag-TH( 
tissue levels of  rad ioac t iv i ty .  In add i t ion ,  we sought  an --L 

a l te rna t ive  m e t h o d  of  drug a d m i n i s t r a t i o n  t ha t  migh t  be rj - ~ -  ]-  
una f fec t ed  by  digestive s tate ,  since the  logistics of  our  ma in  80 _% 
inves t iga t ion  of  the  i n t e r ac t i ons  b e t w e e n  /,9 -THC and o t h e r  / 
drugs [15 ,17]  p r o h i b i t e d  con t ro l l ed  feeding.  Therefore ,  a + I 
parallel  e x p e r i m e n t  was done  in wh ich  the  effect  of  g 
zxg-THC dispersed in Tween-80-sa l ine  and admin i s t e r ed  IP E 60 -v 
was compared  in fed and fasted animals.  I 

Method ~ 40 " :  

Animals. The 96 rats  used in this  e x p e r i m e n t  were of  the  z ~ " ) ......... 

ua ................. 1 :  

same age, s t ra in,  and  sex as those  used in the  previous  c, 
= : } I  exper imen t s .  ~ i ....... 

Apparatus. Eachavoidance chamber consisted of a 30 x 20 ,~i .... [iil] ~ [ ~  
36 x 40 cm w o o d e n  box  housed  inside a larger, sound-  !;~ 
a t t e n u a t e d  cabine t .  Sc rambled  cons t an t  cu r ren t  1.0 m A  (9) ii 1131 (7) [ ] ~ 1 ~ 1 1 3  (131 1131 (13 11" 

cm apar t  served as the  u n c o n d i t i o n e d  s t imulus  (UCS). 0 
Downward  d i sp l acemen t  (0 .16 cm) of  a 1 .27-cm-diamete r  FED FASTED FED FASTED 

a l u m i n u m  pole  suspended  f rom the  cen te r  of  the  ceiling 
served as the  c o n d i t i o n e d  response.  A 7.5-W light  and  a FIG. 4. Acute effects of 10 mg/kg /,9-THC on performance of a 
1 1 . 4 - c m - d i a m e t e r  l oudspeake r  p rov ided  a m b i e n t  l ight  CAR when given orally in sesame oil or IP in Tween-80-saline to fed 

or fasted rats. Numbers of animals in each group are shown in 
(0.44-ft-c measured  at f loor  level) and an a m b i e n t  4-kHz parentheses. 
tone  (8 db above  backg r ound ,  tha t  was 50 db measu red  at 
the cen te r  of  the  f loor  using a Genera l  Radio Co. Type 
1551-C sound-level  m e t e r  set for  A weight ing) .  An increase Results 
in i n t ens i ty  above  a m b i e n t ,  t ha t  occur red  at the  ra te  of  2.5 
t imes  per  sec of  e i the r  the  l ight ( to  0 .88 ft-c) or the  tone  The resul ts  were essent ial ly  the  same for all 3 s t imuli  
( to 63 db) ,  or a low- in tens i ty ,  nonavers ive  cu r ren t  (120  uA)  used as CS and,  the re fore ,  the  da ta  were c o m b i n e d  in Fig. 4 
tha t  was appl ied to the  f loor  served as c o n d i t i o n e d  s t imul i  as pe rcen tage  to ta l  CAR. The response  to 10 mg/kg  
(CS). Each c h a m b e r  was ven t i l a t ed  and the  fans c o n t r i b u t e d  A 9 -THC d e p e n d e d  s ignif icant ly  on the  digestive s ta te  of  the  
to the  b a c k g r o u n d  noise.  Twelve such chamber s  were an imal  at the  t ime  of  t r e a t m e n t  as well as the vehicle and 
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route  of  a d m i n i s t r a t i o n  as ref lec ted  by the  tr iple i n t e rac t ion  CAR pe r fo rmance  2 hr a f te r  acute t r e a t m e n t .  The o t h e r  
t e rm of  the  analysis  of  var iance,  F ( 1 ,86 )  = 7.5, p < 0 . 0 1 ,  half  was tes ted 8 hr  af ter  acute  t r e a t m e n t .  
There  were no  s ignif icant  d i f fe rences  a m o n g  the 4 con t ro l  Biochemisttw. Two e x p e r i m e n t s  were c o n d u c t e d  using 
groups tha t  received vehicle only.  A dm i n i s t r a t i on  of  24 an imals  in each. The e x p e r i m e n t s  were the same excep t  
/x ~-THC in e i the r  vehicle to fed animals  caused s ignif icant  tha t  in the  first, pooled  ex t rac t s  were analyzed by thin 
i m p a i r m e n t  of  CAR pe r fo rmance .  As p red ic ted  f rom the layer c h r o m a t o g r a p h y  (TLC),  whereas  in the second the 
results  in E x p e r i m e n t  2, the  impa i r ing  ef fec t  of  zx"-THC in analysis  by  TLC was done  on each sample.  The animals  
sesame oil was s ignif icant ly  less in fasted an imals  c o m p a r e d  were t rea ted  orally daily for  6 days wi th  sesame oil. Food 
wi th  fed animals ,  t (86)  = 3.3, p < 0 . 0 1 .  On the o t h e r  hand ,  was r emoved  f rom half  of  the  animals  at 1600 on the s ixth  
the ef fec t  of  ,x 9-THC in Tween-80-sal ine  was s ignif icant ly  day. Beginning at 0800  on the  seven th  day each animal  in 
greater ,  t (86)  = 2.6, p < 0 . 0 1 ,  when  given to fasted the first e x p e r i m e n t  was given 10 mg/kg  '4( ' - , - ' , " -TH( '  (40 
compared  wi th  fed animals,  uCi /kg)  in sesame oil by in t ragas t r ic  intubatio11: the dose of 

The resul ts  of these  e x p e r i m e n t s  showed  tha t  the radioact iv i ty  in the  second e x p e r i m e n t  was 51 u( ' i /kg.  Half 
behaviora l  response  to ,x ' , -THC was in f luenced  by  the  of the  animals  were sacrificed by decap i t a t ion  2 hr and lhe 
digestive s ta te  of  the  rat at the  t ime of  drug adm in i s t r a t i on  o the r  hal f  8 hr af ter  acute  drug admin i s t r a t ion .  Blood was 
regardless of  w h e t h e r  the  drug was given orally or IP. The col lected in to  hepar in ized  tubes  and the whole brain was 
results  of  E x p e r i m e n t s  2 and 3 provide an exp l ana t i on  of  rapidly removed ,  weighed,  f rozen on solid ( ' O : ,  and s tored 
this  ef fec t  in t e rms  of  d i f fe rences  in rates  of  gas t ro in tes t ina l  at 20 °C for subsequen t  analysis.  
a b s o r p t i o n  a f te r  oral admin i s t r a t i on .  Comparab l e  data  a f te r  Af ter  cen t r i fuga t ion  of  the blood,  radioact iv i ty  was 
IP a d m i n i s t r a t i o n  in Tween-80-sa l ine  are no t  available to  measured  in 0.1 ml of  the plasma. An a l iquot  10.5 ml) of  
corre la te  the  behaviora l  response  wi th  plasma or tissue the r emain ing  plasma was di lu ted with 0.5 mld i s t i l l ed  t t , ( ) ,  
levels of  the  drug or  its metabo l i t e s .  However ,  in view of and ex t rac ted  twice wi th  5-ml 9 o r t i o n s  of water - sa lu ra ted  
the widespread physiological  changes  (e.g., n u t r i e n t  levels, e thyl  aceta te .  The c o m b i n e d  ex t rac t s  were e v a p o r a t e d l o 3  
vascular  d i s t r i bu t i on )  tha t  a c c o m p a n y  feeding it is no t  ml and the rad ioac t iv i ty  in 0.1 ml of each ex t rac t  was 
unl ikely  t ha t  d i f fe rences  in abso rp t ion ,  d i s t r ibu t ion ,  etc.  de t e rmined .  In the first e x p e r i m e n t  the ex t rac t s  were then 
also occur  a f te r  a dm i n i s t r a t i on  by this  route .  At  any  rate pooled for  each t r e a t m e n t  group and t ime of sacrifice. In 
use of  Tween-80-sa l ine  as a vehicle and adm i n i s t r a t i on  by the second e x p e r i m e n t  each ex t rac t  was t rea ted  separately .  
the IP rou te  did no t  c i r cumven t  the in f luence  of digestive The pooled  or separate  ex t rac t s  were evapora ted  to dryness  
s tate  on the  response  to A ~-Tt tC regardless of  the  mecha-  under  n i t rogen  and the residues were redissolved in 0.2 ml 
nisms involved,  e thyl  aceta te .  A 20-,,1 a l iquot  of each ex t rac t  was spot led  

on a 10 x 20 silica gel p recoa ted  plate ( B r i n k m a n n L  
EXPERIMI-;NT 5 A u t h e n t i c  samples  of  ' ~( ' -~x"-Ttt( ' ,  ~I1-11-OII-~x"-TII(,  

and 8,1 1 - d i O H - / , ' - ' l t l ( '  were also spo t t ed  in the middle  of 
Correlation o f  Behavioral Response with Plasma and Brain the plate  to serve as s tandards  in t en ta t ive ly  iden t i fy ing  the 
Levelso j"Ag-THCandI tsMetabol i tes in  Fasted Rats c o m p o u n d s  present  in the ext rac t .  The plales were devel- 

If the d i f fe rences  in levels of rad ioac t iv i ty  observed in oped using a c h l o r o f o r m : a c e t o n e  (1:1 ,  v / v ) s o l v e n t  system. 
p lasma be tween  fed and fasted an imals  are re la ted to the The s t andards  were visually located with ul t raviolel  lighl 
pharmaco log ica l  ef fects  of  zx"-THC, t h e n w e  would have to (254 nm).  Bands co r re spond ing  to the migra t ion of  lhe 3 
predic t  f rom the  resul ts  of  E x p e r i m e n t  3 t ha t  such effects  s t andards  were scraped from the plates,  e lu ted  with 1 ml 
would be greates t  a round  2 to 4 hr in fed an imals  and me thano l ,  and the  radioact iv i ty  in each w a s d e { e r m i n e d  by 
a round  8 hr  in fas ted animals.  However ,  the levels of  l iquid sc in t i l la t ion  spec t roscopy .  The radioact iv i ty  in a 
radioact iv i ty  in plasma may  not  accura te ly  reflect  the  levels four th  band  with an Rf lower lhan that  of  8 ,11-diOl l -~x ' -  
in brain.  F u r t h e r m o r e ,  since rad ioac t iv i ty  as measured  in T t t C a n d  tha t  included the origin was also de{ermined.  
the previous  e x p e r i m e n t s  was und i f f e r en t i a t ed  and,  thus,  Whole brain was homogen ized  in 3 w)lumes of ().w:( 
inc luded u n c h a n g e d  A " - T t t C  and its me tabo l i t e s ,  it is no t  saline (w/v)  and 0.5 m l o f t h e h o m o g e n a t e  was di lu ted with 
possible to  make this  p red ic t ion  wi th  comple t e  conf idence ,  0.5 ml of  distil led lt~ O. The di lu ted h o m o g e n a t e  was then 
because the  rad ioac t iv i ty  in plasma at 8 hr could represen t  ex t r ac t ed  and e i the r  the pooled or separate  ex l rac l s  were 
only  inact ive metabo l i t e s .  Therefore ,  we compared  the fu r the r  processed in the  same way as plasma. 
effects  of  A ~-THC on CAR p e r f o r m a n c e  in fed and fasted 
animals  a f te r  2 and 8 hr and, in parallel  expe r imen t s ,  we Results 
examined  the  levels of  a~ -T t t ( "  and its me tabo l i t i e s  in Figure 5 shows the results  for CAR per fo rmance .  The 
plasma and brain,  in te rac t ion  be tween  drug t r e a t m e n t ,  depr iva t ion ,  and t ime 

Method of tes t ing was s ignif icant ,  F ( l , 4 0 t  = 6.9, I )<0 .025.  There  
were no signif icant  d i f ferences  a m o n g  the  4 cont ro l  groups  

Animals. The age, strain,  and sex of the  rats were the  given sesame oil. When the animals  were tes ted 2 hr a f te r  
same as those  in the  previous  expe r imen t s .  A ~-THC, the  resul ts  were the same as in Expe r imen t  4. 

Behavior. The appa ra tus  and  p rocedures  for es tabl ishing That  is, zX"-THC caused a s ignif icant  i m p a i r m e n t  of  
a CAR were the  same as descr ibed in E x p e r i m e n t  4. Af te r  pe r fo rmance  relative to con t ro l s  in the fed animals,  t l 4 0 i  = 
acquis i t ion  of  the  CAR food was r emoved  f rom 24 animals  3.3, p < 0 . 0 1 ,  bu t  not  in the  fasted animals ,  t ( 40 )  = I.~, 
at 1600 the  n ight  before  the test.  The o the r  24 an imals  p > 0 . 1 :  the d i f fe rence  be tween  the groups  t rea ted  with 
c o n t i n u e d  on ad l ib i tum food access. On the next  day / , " -THC was also signif icant ,  t(401 = 2.3, p-~0.05.  At 8 hr, 
separate  groups  were given sesame oil (2 ml /kg ,  N =  16) or the oppos i te  results  were found.  The fed animals  t rea ted  
10 mg/kg  zx~-THC (N = 241 in sesame oil by in t ragast r ic  wi th  a ~ - T f l C  were not  s ignif icant ly  d i f fe ren t  f rom the i r  
i n tuba t ion .  Half of  the  an imals  in each group  was tes ted for  controls ,  t (40)  = 0.8, p> 0.1. d e m o n s t r a t i n g  recovery from 
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FASTEO the acute effects of the drug, whereas performance was 
cxxn ........ EXXn,',9-T~C significantly impaired in the fasted animals treated with 

A9-THC, t(40) = 4.4, p<0 .01 .  Although there was a t rend 
T q- ~ toward greater impai rment  in the fasted animals treated 

T with /,9_THC at 8 hr than in the fed animals treated with 
a~-THC at 2 hr, the difference was not  significant, t(40) = 
1.5, p>0 .1 .  

Figure 6 shows the levels of radioactivity derived from 
'~C- / ,9 -THC in plasma and brain along with the radio- 

60 -t activity that was extracted with ethyl acetate. In agreement 
I 2 with the results of  Exper iment  3, the levels of radioactivity 

in plasma were higher in fed than in fasted animals after ~ 
E hr, t (20) = 2.6, p<0 .05 ,  whereas the reverse was true after 8 

40 hr, t (20) = 4.5, p<0 .01 .  In the fed animals the decrease in 
radioactivity between 2 and 8 hr was significant, t(20) = 
2.9, p<0 .01 ,  as was the increase in tile fasted animals, t(20) 
= 4.2, p<0 .01 .  The same results were found in brain. Thus, 
the levels of total radioactivity in both plasma and brain 
were correlated with the behavioral effect of zx 9-TtfC seen 
in the parallel experiment .  

[ The radioactivity that was extracted with ethyl acetate 
I paralleled the levels of total  radioactivity and, therefore, 

they were also correlated with the behavioral effects; in 
TIME AFTER ADMIN ISTRAT ION OF : '9 -THC Mr 

every statistical comparison between fed and fasted animals 
FIG. 5. Acute effects of 10 mg/kg A~-THC on performance of a the results for extracted radioactivity were equivalent to 
CAR when given orally in sesame oil to fed or fasted rats tested 2 or those for total  radioactivity. 
8 hr after treatment. There were 4 rats in each control group treated The percentage of radioactivity that was extracted was 

with sesame oil and 8 rats in each group treated with /,9_THC. significantly less after 8 hr than after 2 hr in both plasma, 
F(1,20) = 16.0, p<0 .001 ,  and brain, F ( I , 2 0 ) =  19.4, 
p<0 .001 ,  indicating an increase in polar metaboli tes  of 
zx ~' -THC at this later time. However, these differences in the 
percentage of extractable radioactivity were unrelated to 
the behavioral effects. 

~L~SMA Inspection of the results of the TLC separation of the 
~0 radioactivity from the pooled extracts suggested that the 

brain levels of apparent  I I-OH-A~-THC, rather than 
o~ ~ - 1 zx ~-THC, may have been responsible for the effects on CAR 

T .a_ r.a_! performance.  Levels of unchanged A"-THC in brain ap- 
0, - peared to be lower after 2 hr in both fed and fasted animals 

than they were after 8 hr, especially in the fasted animals. 
TI ~ [  ] ~r-Tq FI~ On the other hand,  levels of 1 I-OH-z~ ~-THC in brain were 

0~ - perfectly correlated with the behavioral effect. 
02 -'] ~ -  - Because these prel iminary results based on only single 

pooled extracts represented a potent ia l ly  impor tan t  finding, 
we repeated the exper iment  except that the TLC was done 

2 8 on each sample separately to provide a basis for statistical 
comparisons. 

i i F~ Figure 7 shows the results for total  radioactivity and the 
t__.a ~°~,od radioactivity that was extracted with ethyl acetate in the 

0.8 
repeat experiment .  The similarity between these and the 

08 original results are clear and demonstra te  the reproduci- 
r.T..1 bility of this effect. Statistical analysis of these data 

I h F-I.I& ~ ' ~  I 1 corroborated in all essential respects tile conclusions 
*. o., r l  m - reached and discussed above for the original experiment .  

Figure 8 shows the results of separating the radioactivity 
o.2 by TLC. Again, the results of this experiment  done with 

individual samples corresponded in all respects to the 
2 8 2 ~ results obtained in the original exper iment  using pooled 

TIME AFTER ADMINISTRATION Og 14C-A9 THe samples. Analysis of variance showed that the variations in 
apparent  unchanged zx°-THC levels in plasma were not  

FIG. 6. Concentrations of total and ethyl acetate-extractable statistically reliable (p>0.10) .  The apparent  high levels in 
radioactivity in the plasma and brains of fed or fasted rats intubated the fed animals at 2 hr was caused by a single exceptional ly 
with 10 mg/kg ~4C-Ag-THC (40 /*Ci/kg) and sacrificed 2 or 8 hr high value and accounts  for the large variability in this 
later. Values are expressed as /~g equivalents of Ag-THC per ml group. In brain the interact ion term of the analysis of 

plasma or per g wet tissue, variance for levels of apparent  unchanged /x~-THC was 
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PLASMA BRAIN assume that  the radioact ivi ty associated with this region 
1.2 also represents inactive metabol i tes  of  A"-THC more polar 

than 8,I 1-diOH-Ag-FHC. 
1.0 - - - 

DISCUSSION 
/ /  

o.8 ~ - - ~ - The results of  these exper iments  have clearly demon-  i t  ra.dth..bsopionadprmaolc, t o .  m~ ~ 0.6 ~/5 - ~// - a 9-THC dissolved in sesame oil and administered intra- 
~- " / /  grastically are enhanced by an active or recently active + I / I  

/ / /  digestive system in the rat. In contrast  most orally- g 0 . 4  / / /  - - / / /  
0, ~/~ administered drugs are absorbed bet ter  from an emp ty  
E / / /  

~// s tomach.  Two major factors account  for the more general 
] 0.2 H,5~5 - effect  [4] .  First, since most  drugs are absorbed primarily 

z ,H from the intestine,  any event that  retards s tomach o Y/5 
U-- 0 empty ing  such as recent feeding, delays access of the drug < 
~_~: 1.0 to the absorpt ion sites. Second, in the absence of food,  the 
2: ~ FED drug simply has greater access to the absorpt ion surface. 
~o ~ However,  the use of  sesame oil as a vehicle for the i ipophilic 
Z 0 .8  - -  r - / / J  FASTED _ - -  

o Ag_THC may represent  a special situation. In order  to be 
~ absorbed effecient ly,  the sesame oil containing A"-T t I ( '  

~ I" 0'6 l h o  ~ -  ~ i must in termix with the aqueous contents  of the gastro- 
< //~ intestinal tract  and come in contac t  with the absorpt ion 
£12 I / /  

>~ 0.4 - $55 surface. We suggest that  food may act to disperse the 
/ / /  / / /  sesame oil bolus and thus increase contac t  of  A<'-TItC with 
/ / /  
/ / ,  absorpt ion sites of  the intestine. Moreover,  digestive en- 

0.2 / / /  
5/5 zymes and bile are increased in the intestine when food is 
¢5J present and thus absorpt ion of  A<'-TII(" may be further  
" "  facilitated. 

2 4 2 4 This in terpre ta t ion can adequately  account  for the 
TIME AFTER ADMINISTRATION results obtained using the oral route  of  administrat ion.  

OF 140-'"9 THC - -  hr However,  in Exper iment  4, we also found that  the 
FIG. 7. Same as in Fig. 6. The experiment was repeated to verify the impai rment  of  CAR performance  caused by A ~-THC 
results and provide separate samples for tentative identification of suspended in Tween-80-saline and injected intraperi toneal ly 

unchanged A 9-THC and its metabolites, was greater in fasted than in fed rats. This result suggests 
that the digestive state of  the rat may also influence the 

significant, F(1 ,20)  = 14.7, p<0 .001 .  Individual compari-  disposition and /or  effects  of  A~-TH( ' w h e n g i v e n  by routes 
sons showed that  the levels of  apparent  unchanged A ~-THC other  than oral. Such an effect  can also be rationalized on 
in the fasted animals after 8 hr were significantly higher the basis of  the known physiology of  digestion. In addi t ion 
than the levels in any of  the o ther  groups (all ts (20)>4.5 ,  to the digestive process that  is activated by food ingestion, 
a l l p s < 0 . 0 1 ,  two tailed). None of  the differences among the there is a redistr ibut ion of blood flow to the abdominal  
other  three groups were significant indicating that  levels of  viscera and away from other  areas including the brain. 
apparent  unchanged A 9 - T H C i n  brain were not  significantly Thus, a change in the tissue distr ibution as well as the 
related to the behavioral  effect ,  absorpt ion of A <'-THC might occur.  Also, since a nlajor 

On the o ther  hand, the levels of  apparent  l l-OH-A ~- route  of  excret ion of metabol ized A~-THC is through the 
THC in both  plasma and brain were related to the bile into the intestine, the state of  digestion can be 
behavioral  effect  and the differences were statistically expected to influence these processes as well. 
significant, F(1,20)  = 8.9, p < 0 . 0 1 ;  F(1,20)  = 14.3, Our results in the rat are somewhat  at variance with 
p<0 .005 ,  for the in teract ion terms of  the analyses of those reported by Perez-Reyes e t  al. [14] in humans in 
variance of  plasma and brain, respectively.  In brain at 2 hr terms of  the eff iciency of  absorpt ion from different  
the levels of  l l -OH-A 9-THC were lower in fasted than in vehicles. They had their subjects ingest capsules containing 
fed animals, t(20) = 1.9, p<0 .05 ,  one-tailed, whereas the 35 mg 3H_A ~_THC dissolved or suspended in five vehicles 
reverse was found at 8 h r ,  t ( 2 0 ) =  3.4, p<0 .005 ,  one-tailed, after a 12 hr fasting period. Measurement  of -~H in plasma 

There was also a t rend for the levels of  apparent  indicated that the highest levels were achieved when sodium 
8,11-diOH-a 9-THC in brain to be related to the behavioral  glycocholate  was the vehicle, fol lowed in order by sesame 
effect ,  F(1,20)  = 7 . 0 ,  p<0 .025 ,  but  only  the difference at 2 oil, Tween-80,  ethanol  and sodium glycochola te  plus 
hr was significant, t (20) = 3.1, p<0 .05 ,  one-tailed. Since the ethanol.  These plasma levels were also correlated with the 
evidence suggests that  this metabol i te  is pharmacological ly  subjective high reported by the subjects. On the contrary,  
inactive, it is unlikely that  it was responsible for the we found in Exper iment  2 that  higher levels of  3H in 
behavioral effect.  Instead, its correlat ion with the behav- plasma, brain, and liver were achieved when A <'-THC was 
ioral effect  was probably the result of its association with administered orally 2 hr earlier to fasted rats i nTween-80-  
l l -OH-Ag-THC as a secondary metabol i te  of A<'-THC. saline compared with sesame oil. Our results agree with 
Similarly, the unident i f ied material  on the plates was those of Mantilla-Plata and Harbison [11] who reported 
related to the behavioral  effect  in both plasma, F(1,20)  = that in mice higher plasma levels of radioact ivi ty derived 
7.6, p<0 .025 ,  and brain, F(1,20) = 13.1, p<0 .005 .  We from ~ C - A ~ - T H C  were achieved when given inTween-80-  
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saline c o m p a r e d  wi th  corn  oil. They  also found  t ha t  the  I I -OH-~ 9-THC in bra in  r a the r  t han  wi th  the  levels of the 
toxic  effects  of  / ,~-THC were grea ter  when  admin i s t e r ed  IP paren t  c o m p o u n d .  Mechou lam [ 16] p roposed  tha t  11-OH- 
in Tween-80-sa l ine  c o m p a r e d  wi th  corn  oil [ 10] .  Likewise, zx ~-THC may  be solely respons ib le  for  the  pharmaco log ica l  
R o s e n k r a n t z  et al. [ 18] f o u n d  a similar re la t ionship  in effects  of  Ag-THC, a l t hough  this  issue has no t  been  set t led 
t e rms  of  the  LD50  for  z ~ - T H C  in Fischer  rats  when  the  and  conf l ic t ing  data  exist.  Chr is tensen  et al. [2] found  
drug was given oral ly in sesame oil or as an emuls ion  in 7% 11-OH-,59 -THC to be 18 t imes  as p o t e n t  at A 9 -THC when  
sesame oil and 0.5% Tween-80 .  Thus,  the  data  for  roden t s  admin i s t e red  in t ravent r icu la r ly .  Since ,5 ~-THC is no t  meta-  
appea r  cons i s t en t  bu t  at  var iance wi th  those  for humans ,  bol ized in brain  they  conc luded  tha t  the  e f fec t  of  sys temic  

The resul ts  of  E x p e r i m e n t  3 suggested t h a t  fast ing admin i s t r a t i on  was due to the  me tabo l i t e .  However,  Gill 
caused a decrease  in the  ra te  of  gas t ro in tes t ina l  abso rp t ion  and Jones  [5] r epor t ed  t ha t  levels of  b o t h  zxg-THC and 
of  / ,9_THC ra the r  t han  a r e d u c t i o n  in the m a x i m u m  levels 11-OH-A~-THC in brain were highly corre la ted  wi th  the 
achieved.  Thus,  the  h ighes t  p lasma levels of  rad ioac t iv i ty  ca te lept ic  ef fec t  of  ,59-THC in mice af te r  IV adminis t ra -  
were reached  be tw een  2 to 4 hr a f te r  adm i n i s t r a t i on  in fed t ion.  Later ,  Gill and Lawrence  [6] also in jec ted  ~x 9-THC 
rats, whereas  they  were de layed to a b o u t  8 hr  in fasted rats. and 11-OH-zx 9 -THC direct ly  in to  the cerebral  ventr ic les  and 
These resul ts  p r o m p t e d  the  in te res t ing  p red i c t i on  t ha t  the found  t h e m  b o t h  to have the  same act ivi ty  wi th  11-OH -/,9 - 
t ime of peak ef fec t  on  CAR p e r f o r m a n c e  would  occur  THC being on ly  a b o u t  twice as p o t e n t  as ag -THC.  Sofia 
a round  8 hr  a f te r  t r e a t m e n t  in fasted animals ,  whereas  the  and Barry [20] r epor t ed  t ha t  i nh ib i t i on  of  hepa t ic  micro-  
t ime of  peak ef fec t  would  be at 2 to 4 hr  in fed animals  somal  drug me tabo l i sm wi th  SKF 525A increased the 
wi th  recovery  occur r ing  by 8 hr. These  p red ic t ions  were abi l i ty  of  Ag-THC to p ro long  b a r b i t u r a t e  sleeping t ime.  
realized in E x p e r i m e n t  5. Thus,  the  levels of  rad ioac t iv i ty  in They  assumed tha t  the  m e t a b o l i s m  of  zx~-THC itself  was 
plasma were cor re la ted  wi th  one of  the  pharmaco log ica l  the  cr i t ical  step involved and conc luded  t ha t  the paren t  
effects  of  the  drug. Moreover ,  th is  ef fec t  was found  in c o m p o u n d  was responsible  for  the  pharmaco log ica l  effect .  
E x p e r i m e n t  5 to  be re la ted to the  levels of  a p p a r e n t  However ,  th is  a s sumpt ion  was ques t i oned  by Gill and Jones  
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[5] ,  who found tha t  p r e t r ea tmen t  with SKF 525A in- elucidate the mechanisms involved. 
creased brain concen t ra t ions  of  ,59 -THC by only about  23% The initial observat ion of  d i f ferences  in tissue levels and 
compared  with a threefo ld  increase in 11-OH-zx 9-THC. the effect  o f  zx 9-THC when adminis tered in the morn ing  or 
Thus, SKF 525A apparent ly  inhibi ts  the second step in the in the a f t e rnoon  deserves fur ther  c o m m e n t .  We tentat ively 
metabol i sm of  z~ 9-THC as well as the first and can, under  rejected the explanat ion  for this e f fec t  as being a manifesta-  
appropr ia te  kinetics,  result  in lower levels o f  the parent  t ion of  diurnal variat ions in absorp t ion ,  d is t r ibut ion,  
c o m p o u n d  than its metabol i te .  Therefore ,  the results of  metabol i sm,  e l iminat ion,  or receptor  sensitivity in favor of  
Sofia and Barry [20] do not  prove that  zx~-THC rather  the gastrointes t inal  dynamics  hypo thes i s  because of  the 
than 11-OH-~x 9-THC was responsible  for the pharmacologi-  results of  the subsequent  expe r imen t s  descr ibed herein. 
cal effect .  However,  ne i ther  do the o the r  expe r imen t s  prove However,  a l though gastrointest inal  dynamics  can ade- 
that  it was not .  Our results are pe r t inen t  to this issue and quately  account  for these observat ions ,  the possibil i ty of  a 
appear  to dissociate the ef fec ts  o f  zx 9-THC and ll-OH-za 9- diurnal con t r ibu t ion  to this ef fect  cannot  be summari ly  
THC at least on pe r fo rmance  of  a CAR in rats. Thus, if d i scounted  on the basis of  this evidence alone. Diurnal 
brain levels o f  unchanged A 9-THC were responsible for the variat ions in the potencies  of  many drugs and their  
behavioral  effect ,  a th reefo ld  increase in po t ency  should metabol ism by hepat ic  enzymes  have been well docu- 
have occurred  in the fasted animals 8 hr af ter  t r e a tmen t  men ted  (see [13] for review). Similar results for ~'~-'FH(' 
compared  with the fed animals af ter  2 hr. Instead,  there  have not  as yet  appeared,  but it would not  be surprising to 
was no significant d i f ference  in e f fec t  in these 2g roups .  On find diurnal variations in the effects  of this drug as well. 
the o the r  hand,  brain levels o f  I 1-OH - / ,9-THC were direct ly Indeed,  such variations, toge ther  with the effects  we found 
related to the impa i rmen t  caused by ,59-THC. However,  if for gastrointest inal  activity,  may help explain some of the 
ll-OH-zx 9 - T H C , i n  fact, was responsible  for impairing CAR discrepancies  in the l i terature regarding the po tency  and 
pe r fo rmance  this does no t  necessari ly imply that  l 1-OH- metabol ism of  zx ~-THC. In any event these effects  should 
/ ,~-THC is solely responsible for  all the diverse pharmaco-  be recognized as impor t an t  methodologica l  parameters  and 
logical e f fec ts  o f  ~x 9 -THC. Indeed,  we have found in o the r  their  inf luence assessed or cont ro l led  accordingly.  
expe r imen t s  [unpubl i shed]  that  the h y p o t h e r m i c  and A n o t h e r  result of  Exper imen t  1 also requires commen t .  
bradycardic  effects  o f  oral doses of  /x 9-THC in sesame oil Plasma and tissue levels o f  -' H were higher in rats that  had 
ranging f rom 2.5 to 10.0 mg/kg were the same in fed and been pre t rea ted  with 10 mg/kg ~9-THC for 6 days than in 
fasted rats, whereas results similar to those found  for CAR controls  pre t rea ted  with sesame oil. This result has been 
pe r fo rmance  were ob ta ined  f o r r o t o r o d  per formance .  Thus, repeated many  t imes in our laboratory  using both  
whole brain levels of  l l -OH- ,xg-THC were uncorre la ted  -~H-zxg-THC and '*C-zx~-THC [15, 16, 171. A possible 
with at least 2 pharmacologica l  e f fec ts  of /x 9-THC. How- explanat ion  for this result is that  there is formed in each 
ever, these effects  were uncorre la ted  with levels of the tissue of  the pre t rea ted  rats, a A"-THC-metabol i tes  pool 
parent  c o m p o u n d  as well. Clearly, we are still a long way [8] that  is displaced with the newly- in t roduced  labeled 
f rom explaining the mechan i sms  involved in the effects  of /x ' , -THC-metaboli tes  resulting in larger quant i t ies  of ~he 
~9_THC. Investigation of  the d is t r ibut ion of I, ~-THC and labeled c o m p o u n d s  being retained than in tissues of  sesame 
its metabol i t ies  within d i f fe rent  regions or subcellular  oi l -pretreated ( c o n t r o l ) r a t s .  Whether  or not this effect  can 
fract ions of  the brain as well as the binding of  zx~-THC in any way help explain the tolerance that devclops to 
and /o r  its metabol i tes  to cellular cons t i tuen t s  may help ~ - T H C c a n n o t  be answered,  however.  
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