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change in noradrena l ine  f luorescence was observed af ter  
admin i s t r a t ion  of T R H  alone, i t  mus t  be assumed t h a t  
the  syn thes i s  compensa t ed  for the  release of the  amine.  
Therefore  tile t u rnove r  of noradrena l ine  is enhanced  by  
T R H .  This effect  was more  ev iden t  in cort ical  t h a n  
hypo tha l amic  noradrenal ine  terminals ,  bu t  this  dif- 
ference m a y  be re la ted  to the  volume of the  noradrena l ine  
granules being much  smal ler  in the  cor tex t h a n  in the  
hypo tha l amus .  

In  conclusion,  T R H  p ro b ab l y  causes an ac t iva t ion  of 
noradrena l ine  neurons  in the  brain,  and  th is  effect  
migh t  be connec ted  wi th  the  an t i dep re s san t  ac t ion  of the  
t r ipep t ide  in man.  

Zusammen/assung .  Durch  His tof luoreszenz-Methode  
flit Monoamine  wurde  nachgewiesen,  dass  die A b n a h m e  
der  gri inen Fluoreszenz  in den N o r a d r e n a l i n - E n d u n g e n  
des Cortex und I t y p o t h a l a m u s  im R a t t e n h i r n  du tch  
e -Methy l -Pa ra ty ros in  vers t~rk t  wird, was v e r m u t e n  
l~tsst, dass  dieses Tr ipep t id  die Fre i se tzung  und  Um-  
kehrung  des Noradrena l in  erh6ht .  

a) b) c) 

Superficial layer of frontal cortex of rat brain, a) Coutrol: green 
fluorescence of noradrenaline terminals, b) After ~MpT: decrease of 
the fluorescence of noradrenaline terminals, c) After TRH + c~MpT: 
the cd~ffpT-induced decrease of fluorescence is accentuated. • 480. 
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Effects  of  Cannab i s  S m o k i n ~  in B l o o d  Lact ic  Acid  and Glucose  in H u m a n s  

The s t u d y  of the  effect  of cannabis  on ca techolamine  
concen t ra t ion  and  me tabo l i sm  has  beeI1 the  subjec t  of 
several  invest igat ions .  Thus  it has  been  repor ted  ~-3 t h a t  
adm in i s t r a t i on  of hashish,  ma r ihuana  or pure  te t ra -  
hyd rocannab ino l  p roduces  considerable  changes  in tile 
concen t ra t ion  of catecholamilleS in the  brain. Whi le  
others% though  no t  observing s imilar  changes,  have  
repor ted  an increased tu rnover .  A cent ra l  ac t ion can, 
therefore,  be  ascr ibed to  cannabis  wi th  respect  to bio- 
genic amines  s. On the  o ther  hand ,  it  is well d o c u m e n t e d  6-8 
t h a t  hash ish  smokers  show an increased appe t i t e  espe- 
cially for sweet  foods dur ing  the  recovery  t ime.  This  
p h e n o m e n o n  has  been corre la ted  to  changes  of the  con- 
cen t ra t ion  of noradrena l ine  in tile braing. 
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Decrease of lactic acid after hashish smoking during a period of 
210 rain. Each point is the mean from 5 subjects. �9169 chronic 
smokers; 0 - -0 ,  naives. The results are given as percentages of the 
value obtained belore smoking. 

To inves t iga te  w h e t h e r  changes  in ca techolamines  in 
the  pe r iphery  are also involved in th is  phenomenon ,  the 
effect  of hash i sh  smoking  on blood glucose was s tud ied  
wi th  the  hope  t h a t  changes  of the  ca techolamine  would  
be ref lected on the  level of blood glucose. Blood lactic acid' 
was also measured.  

Materials .  Blood was w i thd rawn  before the  in i t ia t ion 
of t he  exper iment ,  and  d a t a  ob ta ined  f rom its analysis  
were used as reference values  to e s t ima te  differences 
p roduced  by  smoking.  Test  blood samples  were ob ta ined  
at  30 rain in tervals  for a per iod of 31/2 h, excep t  the  last  
sample  which was t aken  at  1 h period.  Dur ing  the  
expe r imen t  the  subjects  were kep t  in a room specially 
p repa red  for th is  purpose.  The sera were ana lyzed  on the  
day  of the  expe r imen t  for lactic acid and glucose. 

Two groups of subjec ts  have  been  used ill the  p resen t  
exper iments .  One group consis ted of 5 chronic smokers  
w i th  exper ience f rom 25 to 35 years,  and  the  o ther  group 
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of 5 who h a d  no t  smoked  h a s h i s h  for the  las t  3 years  a n d  
h a d  t e s t ed  i t  5 or 6 t imes  in t h e i r  l i fe-t ime.  This  group was, 
therefore ,  cons idered  as halves .  All  sub jec t s  were h e a l t h y  
v o l u n t e e r  tobacco  smokers  of ages r a n g i n g  f rom 45 to  
55 years,  and  t h e y  were fas ted  for 20 h before  t he  ex- 
pe r imen t .  

Hash i sh ,  2 g f rom our  own  cu l t i va t i on  [ ( t e t r ahydro-  
c a n n a b i n o l  (THC) 1.3%, cannab i d i o l  (CBD) 0.4%, 
c a n n a b i n o l  (CBN) 1.1%)] was mixed  w i t h  t obacco  a n d  
p laced  ha l f -way  f rom i ts  end  of t he  c igaret te .  T he  d u r a t i o n  
of smok ing  was a b o u t  10 rain.  

Methods o[ analyses. Analys i s  of ha s h i s h  ex t rac t .  The  
sample  of ha sh i sh  smoked  was ana lyzed  b y  t he  m e t h o d  
descr ibed  b y  MIRAS 6 and  i t  was found  to  con t a i n  THC,  
1.3~o, CBD 0.4% a nd  CBN 1.1%. 

Lac t ic  acid. The  e n z y m a t i c  m e t h o d  descr ibed  b y  
HADJIIOANNOU et al. 1~ was used to d e t e r m i n e  s e rum 
lac t ic  acid. Fo r  t h i s  purpose  t he  a u t o m a t i c  r eac t ion  ra t e  
u n i t  of Sa rgen t  was  replaced  b y  a Gilford spec t ropho to -  
m e t e r  model  204. The  i n s t r u m e n t  was  ca l ib ra t ed  so t h a t  
t he  ra t io  of t h e  concen t r a t i ons  of lac t ic  ac id /op t ica l  
dens i t i es  was i n d e p e n d e n t  of N A D  and  L D H .  This  ra t io  
was l inear  in  t he  r ange  of 4 up  to  24 m g  of L-lactic acid 
pe r  100 ml  of serum. The  e n z y m e  used was L D H  (Sigma 
Type  I f rom r a b b i t  muscle).  The  same m e t h o d  was used 
to  s t u d y  t he  effect  of T H C  a n d / o r  c rude  h a s h i s h  (extracts)  
on t he  a c t i v i t y  of pu re  L D H .  T he  assay  m i x t u r e  con t a ined  
in 3.2 ml a n d  t h e  t e s t ed  ma te r i a l s  added  in a lcohol  so- 
lu t ions  in a vo lume  of 0.1 ml. The  same  v o l u m e  of e thy l  
a lcohol  was  added  in t h e  b l a n k  sample .  

The  ha sh i sh  was e x t r a c t e d  twice  w i t h  p e t r o l e u m  e the r  
for 2 h and  an  e x t r a c t i o n  c o n t a i n i n g  severa l  cannab ino ids ,  
co r re spond ing  to a b o u t  10% (w/w) of t he  ha s h i s h  used was 
ob ta ined .  5 e x t r a c t s  co r re spond ing  to  10, 25, 50, 75 and  
100 m g  of ha sh i sh  r e spec t ive ly  were e v a p o r a t e d  to dryness ,  
d issolved in 0.1 ml  e t h a n o l  a n d  each  e x a m i n e d  for t he i r  
effects on  t he  a c t i v i t y  of pu re  L D H .  I t  was obse rved  t h a t  
a s l igh t  t u r b i d i t y  of t he  i n c u b a t i o n  so lu t ion  b y  us ing  
ex t r ac t s  co r r e spond ing  to  50, 75 and  100 m g  of ha sh i sh  
d id  no t  in te r fe re  w i t h  t h e  m e a s u r e m e n t s .  B y  e x a m i n i n g  
t h e  effects of pu re  T H C  in c o n c e n t r a t i o n s  up  to 3.8 • 10 .7 
M on t he  a c t i v i t y  of pu re  L D H ,  no  t u r b i d i t y  was  observed .  

Glucose. Glucose was d e t e r m i n e d  b y  a u t o m a t i c  m e t h o d  
in an  A I I  Techn icon  a u t o - a n a l y z e r  b y  a co lor imet r ic  
me thod ,  ba sed  on  neocupro in -coppe r  react ionl~.  

Results. The  effect  of h a s h i s h  s m o k i n g  on  t he  concen-  
t r a t i o n  of se rum lac t ic  acid is shown  in t he  Figure.  E a c h  
p o i n t  of t he  curve  is t h e  m e a n  of t he  va lues  o b t a i n e d  f rom 
the  5 samples  of each  group.  I t  can  be  seen t h a t  in  b o t h  
groups  e x a m i n e d  lact ic  acid concen t r a t i ons  decreased 
w i t h i n  1 h of smoking .  The  ra t e  of decrease  was more  

p r o n o u n c e d  for  t he  g roup  of na ives  du r ing  t he  f i rs t  1/2 h, 
whi le  lac t ic  acid c o n c e n t r a t i o n  levelled a t  a m i n i m u m  
va lue  for b o t h  groups  and  r e m a i n e d  c o n s t a n t  for an  
a d d i t i o n a l  21/~ h. 

The  effect  of THC,  in c o n c e n t r a t i o n s  up  to  3.8 • 10 .7 M 
and  of c rude  ha sh i sh  up  to 100 m g  pe r  assay  mix tu re ,  on  
L D H  ac t iv i ty ,  was  s tud ied  as descr ibed.  The  resu l t s  
i nd i ca t ed  t h a t  t he re  is no  effect  of these  subs t ances  on  t he  
enzyme  a c t i v i t y  u n d e r  the  p r e sen t  e x p e r i m e n t a l  condi t ions .  
The  effect  of ha sh i sh  s m o k i n g  showing  t h e  glucose con- 
c e n t r a t i o n  in t he  b lood is s t a t e d  in  t he  Table .  The  d a t a  
clear ly d e m o n s t r a t e  t h a t ,  for b o t h  groups,  glucose re- 
m a i n e d  p rac t i ca l ly  c o n s t a n t  t h r o u g h o u t  t he  t i m e  of t he  
expe r imen t .  

Discussion. The  s t u d y  of t he  c o n c e n t r a t i o n  of va r ious  
b lood c o n s t i t u e n t s  can  be  used as an  i nd i ca t i on  of t h e  
ac t ion  of h o r m o n e s  in t he  p e r i p h e r y  and,  therefore ,  of 
t h e i r  mob i l i za t i on  b y  va r ious  drugs.  

The  p r e sen t  s tud ies  h a v e  shown t h a t  b lood glucose, 
wh ich  is af fected b y  t he  ad rena l ine  of t he  pe r iphery ,  does 
n o t  change  a f te r  h a s h i s h  smoking.  A t  f i rs t  g lance  th i s  
f ind ing  would ind ica te  t h a t  h a s h i s h  smok ing  does no t  
increase  b lood ad rena l ine  levels. However ,  a l t e r n a t i v e  
effects of hash ish ,  wh ich  would  i n h i b i t  t he  ac t ion  of 
ad rena l ine  w i t h  respec t  to  c a r b o h y d r a t e  me tabo l i sm,  
c a n n o t  be  excluded.  

A p r o m i n e n t  f ind ing  of t he  p re sen t  e x p e r i m e n t s  is t he  
decrease  of b lood lac t ic  acid i m m e d i a t e l y  a f t e r  h a s h i s h  
smoking .  The  r a t e  of decrease  was h ighe r  in  t he  group of 
na ives  as c o m p a r e d  w i t h  chronic  smokers  I t  is k n o w n  
t h a t  m a r i h u a n a  s m o k i n g  b y  sub jec t s  w i t h o u t  p rev ious  
exper ience  causes  a n  increase  in pe r iphe ra l  b lood flow 1~. 
On th i s  basis,  t h e  fall of lact ic  acid a f t e r  ha sh i sh  s m o k i n g  
can  be  exp la ined  b y  th i s  c i r cu la to ry  a d j u s t m e n t  wh ich  
may,  possibly,  lead to  decreased  p r o d u c t i o n  in t he  well- 
o x y g e n a t e d  muscle.  The  earl ier  fall  of b lood lac t ic  in  t h e  
group of halves,  as c o m p a r e d  to  chronic  smokers ,  suggests  
t h a t  m e c h a n i s m s  invo lved  in t he  increase  of pe r iphe ra l  
b lood flow ra te  and  in t h e  p r o d u c t i o n  of lac t ic  acid, r eac t  
more  qu ick ly  w h e n  ha sh i sh  is smoked  b y  sub jec t s  w i t h o u t  
p rev ious  experience.  

Rdsumd. D 6 t e r m i n a t i o n  de glucose et  d ' ac ide  l ac t ique  
c o n t e n u s  dans  le sang  de fumeurs  ch ron iques  et  vo lon-  
ta i res  inexp6r imen t6s  ~ diff@rents in terval les .  Le n i v e a u  
du  glucose n ' a  pas  6t6 chang6 et  il es t  donc  p r o b a b l e  qu ' k  
la p6riph@rie les cat@cholamines ne  sont  pas  affect6es. 
L ' a c t i o n  possible  du  h a s h i s h  sur  la d6shydrog@nase 
l ac t ique  ac t ive  a 6t6 tes t6e  in v i t ro  avec  de l ' e n z y m e  pure  
et aucun effet n'a 6t6 relev6. 
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Effect of hashish smoking on the glucose concentration in the blood 

Time (rain) Glucose 4- SD (rag/100 ml) 
Naives Chronic 
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School o/Medicine, University o/A them, Goudi, 
Athens 609 (Greece), 
27 January 7974. 

0 ~ 114::1:18 1 0 0 + 1 0  
30 1 0 9 + 1 3  1 0 2 4 -  2 
60 1 0 5 4 - 1 4  104- / -  5 
90 1 0 6 + 1 3  1 0 2 i  3 

120 1 0 5 4 - 1 2  1 0 3 4 -  7 
150 1 0 6 ~  8 1 0 3 i  4 
210 1 0 2 4 -  7 1 0 5 4 -  6 

Before smoking. Data are mean values • SD for 5 subjects in 
each group in the indicated time intervals. 
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