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Fig. 2. Thin-layer plate of urine frac- 
tions prior to treatment and during 
the first and second 12-h periods after 
oral doses of 100 mg of CBD and 400 
mg of CBN. Note presence of un- 
changed CBD and CBN during the 
first 12 h as well as appearance of 
new spots of a slower-moving, more 
polar type. Abbreviations: O, or- 
ange; P, purple; R, red; M, mager~ta 
coloring of spots. 

act ive doses of b o t h  THC isomers and the i r  metabo l i t es  to 
man.  Because CBN is less compat ib le  t h a n  CBD wi th  any  
aqueous medium;  this  rou te  of admin i s t r a t i on  was no t  
used for this  substance.  

Results. Oral doses of CBD and CBN s ta r t ed  wi th  10 mg, 
a dose of THC usually showing definite,  t hough  modera t e  
clinical effects in man.  At  no oral dose level were any  of 
the  charac ter i s t ic  men ta l  or phys ica l  effects of THC 
observed.  Urine samples  t aken  f rom the  subjects  receiving 
the  m a x i m u m  oral doses were subjec ted  to th in- layer  
ch romatography ,  using techniques  previous ly  descr ibed 7 
Both  CBD and  CBN, unlike THC, were excre ted  in p a r t  
unchanged.  (Figure 2) Other  metabo l i t es  re la ted  to  the i r  
in take  were also observed as new spots  on the  chromato-  
grams.  The init ial  i.v. in jec t ion  of CBD was  5 mg;  an 
equal  dose of THC produces  a s t rong and  last ing effect  by  
th is  route.  As no reac t ion  was noted,  larger doses were 

s u b s e q u e n t l y  used (10, 20 and 30 rag). None  of the  
character is t ic  men ta l  effects of cannabis  were observed,  as 
well as a comple te  absence of any  change in pulse ra te  or 
degree of con junc t iva l  reddening.  

Discussion. The inac t iv i ty  of these  cannabino ids  has 
been  conf i rmed in man.  In  par t ,  th is  difference f rom THC 
may  be due to  a somewha t  d i f ferent  me tabo l i sm of CBD 
and  CBN. I t  is still  possible t h a t  these  cannabinoids ,  
a l though  inact ive  themselves ,  migh t  in te rac t  wi th  THC 
to alter  i ts  effects. CBN p r e t r e a t m e n t  an tagonized  tile 
pro longat ion  of sodium pen toba rb i t a l  s leeping t ime  
produced  by  THC in mice s CBD inhib i ted  no t  only the  

me tabo l i sm of THC bu t  also t h a t  of t is  p r i ma ry  metabol i te ,  
l l - h y d ro x y -T H C,  a co mp o u n d  wi th  a t  least  the  same 
degree of ac t iv i ty  as THC itself. Thus,  CBD m i g h t  
enhance  the  effects of THC w i t h o u t  hav ing  di rect  THC- 
like actions.  As the  asser t ion is of ten  made,  and  widely 
believed, t h a t  d i f ferent  types  of cannab is  have  d i f ferent  
p a t t e rn s  of pharmacolog ica l  effects  i n d e p e n d e n t  of 
differences in THC content ,  such in te rac t ions  m i g h t  still  
afford an exp lana t ion  for such differences.  These differ- 
ences canno t  be a t t r i b u t e d  to  direct  pharmacolog ica l  
effects of CBD or CBN themselves .  

Rdsumd. Le cannabid io l  adminis t r6  ~ dose de 100 mg  
par  os et  de 30 mg par  in jec t ion  i.v. fur inact i f  dans  les 
sujets  d'@tude. Le cannabinol ,  k dose orale de 400 mg, le 
fu t  aussi. Ces cons t i tuan t s  du cannabis  ne con t r ibuen t  
donc pas  k l 'effet  pharmacologique .  
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T h e  Effect  of P e n t o b a r b i t a l  o n  B r a i n  5 - H T  M e t a b o l i s m  in  M i c e  

BONNYCASTLE, GIARMAN and PAASONEN 1 observed an 
increase of bra in  s e r o t o n i n  (5-HT) concen t ra t ion  af ter  
i .p .  in ject ion of pen toba rb i t a l  in rats.  I t  seemed of inter-  
est  to us to inves t iga te  whe the r  th is  increase was due to 
an accelerated synthes is  or a decreased me tabo l i sm of 
5-HT. 

Materials and methods. Male N M R I / H a n  mice of 25-35 g 
were kep t  in groups  of 10 a t  room t e m p e r a t u r e  (20-22 ~ 

on an ad l ib i tum die t  of food and water .  The mice were 
killed by  decapi ta t ion .  The brains  were kep t  in 96% 
e thanol  for 30-60 rain. This  t r e a t m e n t  was w i t h o u t  
influence upon  bra in  serotonin  concent ra t ion .  The neo- 

1 D. D. BONNYCASTLE, N. J. GIARMAN and M. K. PAASONEN, Br. J. 
Pharmae. Chemother. 12, 228 (1957). 
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cor tex  and  t he  ce rebe l lum were  t h e n  r e m o v e d  a n d  dis- 
ca rded  and  t he  r e m a i n i n g  p a r t s  were I rozen in l iqu id  n i t ro-  
gen  and  s tored a t  - 20  ~ un t i l  s e ro ton in  es t imat ion .  Fo r  
t h a t  purpose ,  b ra ins  of t h r ee  an ima l s  were pooled, weighed 
and  homogen ized  in  0.4 N perchlor ic  acid for 60 sec w i t h  
a p o l y t r o n  u l t rason ic  homogenizer .  The  p r ec i p i t a t ed  pro- 
t e ins  were r e m o v e d  b y  c e n t r i f u g a t i o n  and  1 ml  of the  
s u p e r n a t a n t  was  m i x e d  w i t h  1 g NaC1, 3 mI b o r a t e  buffer  
(pH 12.2), 0,27 ml  1 N N a O H  and  s h a k e n  w i t h  5 mI 
h e p t a n o l  for 10 rain.  T h e n  4.5 ml  of the  h e p t a n o l  phase  
were mixed  w i t h  0.7 m l  0.1 N HC1 and  10 ml  n - h e p t a n e  
a n d  s h a k e n  for 15 min .  I n  t he  aqueous  phase,  t he  t o t a l  
se ro ton in  was e s t i m a t e d  b y  f l u o r i m e t r y  2. The  *4C-sero- 
tonin ,  wh ich  was fo rmed  a f t e r  i .p.  i n j ec t ion  of 1 FCi/10 g 
b o d y  we igh t  of DL-t ryptophan-methylene-14C,  was de te r -  
m ined  in t he  same  aqueous  ex t rac ts ,  w h i c h  were used 
also for t o t a l  5 -HT es t ima t ion ,  w i t h  t he  help  of a d ioxane  
sc in t i l l a t ion  fluid.  The  t o t a l  ~aC-content in b r a i n  was 
e s t i m a t e d  b y  d issolv ing 0.2 mI of t he  h o m o g e n a t e  in  
3 ml  soluene (Packard)  and  c o u n t i n g  in 10 ml  of a d ioxane  

Increase of 5-HT concentration in mouse brains after pargyline 
injection 
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Fig. 1. Brain serotonitl concentration. Continuous line, pentobarbital- 
Na-treated mice (50 mg/kg i.p.) ; dotted line, saline controls; abscissa, 
rain after pentobarbital injection; ordinate, serotonin concentration 
in brain (ng/g wet tissue). Mean of 6 values • S.D. 

sc in t i l l a t ion  fluid, us ing  a B e c k m a n  LS-250 L iqu id  
Sc in t i l l a t ion  Counter .  

Results and discussion. As shown  in F igure  1, 60 and  90 
m i n  a f te r  i .p.  i n j ec t ion  of 50 m g / k g  p e n t o b a r b i t a l - N a ,  
t he  t o t a l  se ro ton in  c o n c e n t r a t i o n  was s ign i f ican t ly  eleva- 
ted,  whi le  a f t e r  180 m i n  i t  h a d  r e t u r n e d  to con t ro l  values.  
This  p e n t o b a r b i t a l  dose induced  only  a s l ight  anaes thes i a  
a t  s tage I or I I ,  l a s t ing  for a b o u t  90-120 min.  

To s t u d y  t he  se ro ton in  syn thes i s  in t he  presence  of 
p e n t o b a r b i t a l ,  mice were in jec ted  w i t h  t he  MAO inh ib i t o r  
pa rgy l ine  (75 m g / k g  i.p.) and  15 m i n  l a t e r  w i t h  p e n t o b a r -  
b i t a l -Na  (50 mg /kg  i.p.).  The  i n h i b i t o r  led to a n  e leva t ion  
of t he  se ro ton in  c o n c e n t r a t i o n  in t he  b ra ins  45 and  75 
ra in  a f te r  i ts  in j ec t ion  (30 a n d  60 ra in  a f te r  p e n t o b a r b i t a l ) ,  
b u t  t he re  was no  di f ference be tween  p e n t o b a r b i t a l - t r e a t e d  
mice and  con t ro l s  (Table).  These  resul t s  suggest  t h a t  
p e n t o b a r b i t a l  is w i t h o u t  inf luence  upon  t he  se ro ton in  
b iosyn thes i s  in b ra ins  of mice. 

The  ~4C-serotonin pe rcen t age  of t he  t o t a l  14C c o n t e n t  in 
b ra ins  of mice  t r e a t e d  w i th  p e n t o b a r b i t a l  60 ra in  a f t e r  
~4C-tryptophan in jec t ion  is shown in F igure  2. 120, 150, 
and  180 min  a f te r  t~C- t ryp tophan  inject ion,  no s t a t i s t i ca l ly  
s ign i f ican t  di f ference be tween  p e n t o b a r b i t a l - t r e a t e d  mice 
and  cont ro ls  could be  de t e rmined ,  whi le  240 m i n  a f te r  
~ C - t r y p t o p h a n  in jec t ion  (180 m i n  a f te r  p e n t o b a r b i t a l )  
the  pe rcen t age  was m u c h  h igher  in  p e n t o b a r b i t a l - t r e a t e d  
mice t h a n  in cont ro ls  (p < 0.001, S t u d e n t ' s  t- test) .  

These  resul ts  sugges t  t h a t  t he  r e m o v a l  of s e ro ton in  
f rom t h e  b ra ins  is decreased  b y  p e n t o b a r b i t a l .  I n  p r in -  
ciple, i t  is also possible  t h a t  t he  re la t ive  s lowing down of 
the  *4C-serotonin decrease  a f te r  p e n t o b a r b i t a l  could be 
s imu la t ed  b y  an  increased syn thes i s  of pro te ins ,  wh ich  
are t he  m a i n  pool  of z~C in b r a i n  u n d e r  our  e x p e r i m e n t a l  
condi t ions .  However ,  p rev ious  resul t s  exc luded  t h a t  
b a r b i t u r a t e s  increase  t he  t u r n o v e r  of t he  pro te ins .  On t he  
con t ra ry ,  t h e i r  t u r n o v e r  is even  decreased  in some 
subce l lu la r  f rac t ions  3. 
I t  is conc luded  t h a t  p e n t o b a r b i t a l  decreases  t he  se ro ton in  
tu rnove r ,  whi le  t he  syn thes i s  is no t  affected.  This  poss ib ly  
expla ins  t he  e l eva t ion  of t he  se ro ton in  c o n c e n t r a t i o n  in 
the  b ra in  s tem,  which  was no t  observed  in cor t ical  t issue 
(unpub l i shed  observa t ions) .  The  p r e sen t  resul t s  are in  
a g r e e m e n t  w i t h  those  of CoRI~ODI, F u x E  and  H(3KF~ELT ~, 
who  observed  t h a t  p e n t o b a r b i t a l  i n h i b i t e d  t he  deple t ion  
of r a t  b r a in  se ro ton in  a f te r  i n h i b i t i o n  of se ro ton in  syn-  
thes is  b y  e -p ropy ldopace tamide .  

Zusammen/assung. Bet  M~usen e rh6h te  P e n t o b a r b i t a l  
den  Se ro ton ingeha l t  des Gehirns ,  ein Effekt ,  der  sich 
d u r c h  eine V e r m i n d e r u n g  der  U m s a t z g e s c h w i n d i g k e i t  
bet  u n v e r ~ n d e r t e r  Syn these  des Sero ton ins  erkl~Lren l~sst. 
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Fig. 2. laC-serotonin percentage in total brain radioactivity. Con- 
tinuous line, pentobarbital-NA-treated mice (50 mg/kg i.p.) ; dotted 
line, saline controls; abscissa, rain after 14C-tryptophan injection; 
ordinate, t~C-serotonin/tota114C in brain • 100%. Mean of 6 values 
~S.D.  
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