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Fig. 2. Plastirack B. 'Pie'-like form with 
small bridges (arrows) for fiat embedding; 
113 of original size. 

Fig. 3. Plastiraek C. Modified form for LKB- 
specimen holder; x/l of original size. 

Vestopal, which does bind to the silicone rubber, each 
plastic can be used. 

Plastiracks offer 3 advantages over the use of capsules: 
a) they cut the cost of embedding by eliminating capsules 
(and capsule holders); b) they facilitate the embedding 
procedure by shortening it and by elimination of razor 
blade injuries; c) they permit the desired orientation of 
the specimen. 

Modified plastiracks have been used in our histology 
department.  Preliminary results are encouraging since 
paraffin also does not bind to the silicone rubber used. 

Zusammen/assung. Einbettungsformen aus Silikon- 
gummi wurden entwickelt mi t  dem Ziet, eine einfache, 
saubere und rasche Einbe t tung  fiir eine grosse Zahl yon 
Gewebsbl6cken zu erreichen. Die Formen sind fiir Epon, 
Epon-Araldit  und Maraglas, abet nicht fiir Vestopal ver- 
wendbar. 

W. BAUER, 1~. BRODALE and C. HODEL 

Medical and Biological Research Department, Sandoz Ltd., 
CH-4002 Basel (Switzerland), 30 March 1971. 

A Simple Gas Liquid Chromatography Procedure for Determination of Cannabinoldlc Acids In 
Cannabis  sat iva L.  

A recent article by KIMURA and OKAMOTO 1 discussed 
the distribution of tetrahydrocannabinolic acid in fresh 
Cannabis sativa L. The method they employed for analysis 
of the p lant  material required heating the dry material  
at  l l0°C for 15 rain in order to convert tetrahydrocan- 
nabinolic acid (THCA) to tetrahydrocannabinol  (THC). 

The sample was subsequently extracted and analyzed 
by  gas chromatography. The THC content  was assumed 
to be due mainly to THCA. KORTI~ ~, however, reports 
the extraction of the acids with hexane. This paper 
presents a simple method for determining THCA in 
Cannabis sativa. 
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Mater ia ls  and  methods. Dr ied  1 g s am p l e s  of Cannabis  
sativa were  e x t r a c t e d  w i t h  c h l o r o f o r m  acco rd ing  to  a 
mod i f i ed  L e r n e r  p r o c e d u r e  s. T h e  e x t r a c t s  were  sub-  
s e q u e n t l y  a n a l y z e d  b y  gas  c h r o m a t o g r a p h y  us ing  e t h a n o l  
as  t h e  s o l v e n t  (F igure  1). T h e  e x t r a c t s  were  t h e n  t a k e n  
to  dryness ,  in  vacuo ,  a t  25 °C. T h e  res idues  were  d i sso lved  
in 0.5 m l  d r y  p y r i d i n e  a n d  r eac t ed  w i t h  0.5 m l  bis- 

Table I. Analysis of Cannabis sativa - THC and THCA 

Sample zJg-THC -/- /19-THC /I°-THCA 
A'-THCA (%) (%) 
(%) 

Mexican female, 1969 1.5 0.07 1.4 

Mexican male, 1969 1.5 0.3 1.2 

Mexican female, 1968 0.84 0.55 0.29 

Table II. Extraction of one sample of Cannabis sativa for THC 
and THCA 

( t r i m e t h y l s i l y l ) - t r i f l u o r o a c e t a m i d e  plus  1~/o t r i m e t h y l -  
ch lo ros i l ane  (Regis  Chemica l  C o m p a n y )  to  f o r m  t r i -  
m e t h y l s i l y l  (TMS) d e r i v a t i v e s  of t h e  ac ids  a n d  phenols .  
The  so lu t ion  was  h e a t e d  a t  60°C a p p r o x i m a t e l y  5 m i n  
a n d  i n j ec t ed  i n t o  a gas  c h r o m a t o g r a p h .  T h e  c h r o m a t o -  
g r a m  cons i s t ed  of p e a k s  for  t h e  T M S  d e r i v a t i v e s  of t h e  
c a n n a b i n o l s  as wel l  as  t h e i r  ac ids  (Figure  2). 

TMS d e r i v a t i v e s  m a y  be  p r e p a r e d  b y  a n y  good silyl-  
a t i n g  p rocedure .  T e m p e r a t u r e  p r o g r a m m i n g  m a y  be  
e m p l o y e d  t o  i m p r o v e  s e p a r a t i o n  of t h e  p e a k s  b y  gas  
c h r o m a t o g r a p h y .  

I n  o rder  to  d e t e r m i n e  if  e s sen t i a l ly  al l  t h e  T H C  a n d  
T H C A  were e x t r a c t e d  f r o m  a p l a n t  sample ,  t h e  s a m p l e  
was  ex t r ac t ed ,  r e - e x t r a c t e d ,  h e a t e d  to  l l 0 ° C  for  15 ra in  
a n d  e x t r a c t e d  aga in .  E a c h  of t h e  3 e x t r a c t s  was  a n a l y z e d  
b y  GLC, b o t h  s i ly l a t ed  a n d  uns i l y l a t ed .  

Gas chromatography. B e c k m a n  GC-5 a n d  GC-45 gas  
c h r o m a t o g r a p h s  e q u i p p e d  w i t h  x[s", 10" s t a in le s s  s teel  
co lumns  p a c k e d  w i t h  2~/o OV-17 on  100-120 m e s h  Gas  
C h r o m  Q were used for  t h e  ana lyses .  T h e  o v e n  t e m p e r a -  
t u r e  was  210°C, t h e  ca r r i e r  f low r a t e  was  30 m l / m i n  of 
n i t rogen ,  a n d  a f l ame  i o n i z a t i o n  d e t e c t o r  was  used.  

Results  and conclusions. T h e  T H C A  p r e s e n t  in  Cannabis  
sativa m a y  be  e x t r a c t e d  a long  w i t h  t h e  THC.  A com-  
pa r i son  of t h e  a m o u n t s  of T H C  a n d  T H C A  w h i c h  were  
i n i t i a l l y  p r e sen t  m a y  b e  m a d e  b y  gas  c h r o m a t o g r a p h y  
of t r i m e t h y l s i l y l  d e r i v a t i v e s  of  t h e  e x t r a c t  (Figure  2). 
T h e  c h r o m a t o g r a m  f rom a n  u n s i l y l a t e d  e x t r a c t  h a s  one  
p e a k  which  r ep re sen t s  b o t h  T H C  a n d  T H C A .  T h i s  
occurs  due  to  r ap id  d e c a r b o x y l a t i o n  of T H C A  in  t h e  
h e a t e d  in le t  of t he  GLC. 

Extract A°-THC -t- A°-THCA 
/II-THCA (%) 
(%) 

Initial extract with ehloroiorm 0.73 0.28 
Second extract with chloroform 0.034 0.011 
Heating plant material from above 0.011 none 

at l l0°C for 15 rain followed 
by extraction with chloroform 
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Fig. 1. Chromatogram of 1969 female Mexican Cannabis sativa 
extract (2-PF-81). Peak 1 = Ag-THC +Ag-THCA; peak 2 = internal 
standard 2. 
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Fig. 2. Chromatogram of 1969 female Mexican Cannabis sativa 
extract (2-PF-81) which has been silylated. Peak 1 = Ag-THC - 
TMS; peak 2 = Ag-THCA-TMS; peak 3 = internal standard. 

1 M. KIMURA and K. OKAMOTO, Experientia 26, 819 (1970). 
s F. KORTE, M. HAAG and U. CLAUSSEN, Angew. Chem. 4, 872 (1965). 
s The modified Lerner procedure and the internal standard method 

of calculating are explained in P. S. FETTERMAN, E. S. KEITH, 
C. W. WALLER, O. GUERRERO, N. J. DOORENBOS and M. W. 
QoxMBY, accepted for publication by J. pharrn. Sci. 
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Tab le  I represents  t he  resul ts  of the  ear ly  1970 analysis  
of 3 samples  of a Mexican  va r i an t  of Cannabis saliva. 
T h e  1968 sample ,  hav ing  35% of t he  T H C A + T H C  
present  in t he  acid fo rm could no t  h a v e  been  as eas i ly  
ana lyzed  by  the  procedure  fol lowed by  KIMVRA and  
OKAMOTO I. 

Repea t ed  ex t rac t ion  of a sample  (Table I I )  p roved  
t h a t  T H C A  is ex t rac ted  wi th  the  so lvent  used. 

The  procedure  presented  here m a y  also be used to 
de te rmine  the  amoun t s  of acids o ther  t han  Ag-THCA. 
Acid analysis  is i m p o r t a n t  in physiological  research 
w h e n  the  rou te  of admin i s t r a t ion  does no t  involve  de- 
ca rboxy la t ion  of any  of these  ac ids  present4,L 

Rdsumd. La chromatograph ie  gazeuse des ex t ra i t s  de  
la m a r i h u a n a  donne  la  quan t i t6  comple te  de  chaque  
composan t  cannab ino ique ;  l and i s  que  la s i lyla t ion des 
ex t ra i t s  pr6c6dant  la  ch romatograph ie  gazeuse, fourni t  

des in format ions  ind6pendentes  sur les formes  acides et  
non acides de chaque  composan t  cannabinoique .  

P. S. FETTERMAN, N. J .  DOORENBOS, 
E.  S. KEITH and  M. W. QUtMBY 

Department o] Pharmacognosy, School o/Pharmacy, 
University o/Mississippi, Mississippi 
(Mississippi 38677, USA), 25 January 1971. 

Mass spectrometric identification of Ag-THC-TMS and A*-THCA - 
TMS by Battelle Memorial Institute, Columbus, Ohio. THCA 
formed a bis trimethylsilyl derivative, I on the phenol and i on 
the COOH group, thus protecting against decarboxylation during 
the GLC analysis of the cannabinoids. Other cannabinoidic acids 
also react in this way. 

5 Department of Pharmacognosy, School of Pharmacy, University 
of Mississippi, research supported by National Institute of Mental 
Health;Contract No. HSM-42-70-109. 

Technique d'enregistrement de l'activit6 unitaire du cortex c6r6belleux, chez le chat chronique 

L' in t6r~t  de la t echn ique  d ' en reg i s t r emen t  un i ta i re  pr6- 
sent6e ici r6side darts le fa i t  qu ' e l l e  sa t is fa i t  aux  exigences 
d6finies pa r  la  na tu re  du t r ava i l  exp6r imenta l  auque l  elle 
es t  adapt6e,  ~t savoir  l ' en reg i s t rement  uni ta i re  des cellules 
de Purk in je  du ce rve le t  de  Chat,  sur an ima l  chronique  e t  
libre, e f fec tuan t  une s6rie de gestes st6r6otyp6s apr~s 
apprent issage  par  cond i t i onnemen t  posi t i f  ( type skinn6- 
rien), chaque  an imal  d e v a n t  6tre exploi t6 du ran t  plusieurs 
tools. I1 6 ta i l  donc indispensable  d ' une  pa r t  que  Fen- 
semble  proth6se, micro61ectrodes, microdescendeur  soi l  
su f f i samment  16ger pour  ne pas  g~ner l ' ac t iv i t6  mor t i ce ;  
d ' a u t r e  pa r t  q u ' u n  sys t6me de r appe l  p e r m e t t e  l ' implan-  
t a t i on  t empora i r e  des micro61ectrodes u n i q u e m e n t  pen-  
d a n t  les p6riodes d ' en reg i s t r emen t  (Figure  1). Les diff6- 
rentes  t echn iques  propos6es depuis  que lques  ann6es 1-g 
ne sat isfa isaient  pas  aux  diff6rents  imp~rat i fs  d6finis pa r  
not re  exp6r imenta t ion .  D ' a u t r e  p a r t  la conformat ion  de la  
vofi te  crgnienne au dessus du cerve le t  chez le Chat  n ' au to -  
rise pas l ' adap t a t i on  des diff6rents syst6mes d6crits p a r  
les auteurs.  

Le  syst~me fond6 sur un pr incipe m6canique  s imple  
consiste en la pouss6e d ' u n  p is ton  don t  les 61ectrodes sont  
solidaires. Cet te  pouss6e se fa i l  grace ~ une vis diff6ren- 
t ie l le  p e r m e t t a n t  pa r  une progression des  61ectrodes de  2 
en 2 t~m d ' app roche r  avec  su f f i samment  de pr6cision une 
cellule de Purkinje .  3 par t ies  essentielles cons t i tuen t  Fen- 
semble :  le mon tage  des micro61ectrodes, le microdescen-  
deur  e t  la proth~se de  base, un ique  616ment fix6 ~ de- 
meure  sur la t~te de l ' an imal .  

1. Montage des dlectrodes. Des t iges de tungs tbne  ( 0 :  
300 ~m) affin6es selon la m6thode  de HUBEL x°, et  ra- 
men6es ~ la po in te  ent re  5 et  10 ~m, sont  isol6es au t~vernis 
gris bollor6 de Alvar~. La  r6sistance est 6valu6e k envi-  
ron  1 M ~2. Les 61ectrodes sont  mont6es  par  couple  de la 
fa$on su ivan te :  deux  61ectrodes de 55 m m  et  60 m m  de 
long sont  enfil6es dans  un t u b e  h y p o d e r m i q u e  (~  ext.  : 
1,2 mm)  de 42 m m  de long de  fa$on A laisser d6passer les 
poin tes  sur  1 cm environ,  e t  A d6gager les ext r6mit6s  
sup6rieures. On  p ince  g l ' ex t r6mi t6  sup6rieure de chaque  
61ectrode 3 m m  de tube  h y p o d e r m i q u e  (~  ext .  : 0,7 mm)  
sur lequel  on peu t  souder  a is6ment  les ills de connexion.  
L ' ensemble  est alors vern i  de fa$on A isoler le fourreau mais  
aussi afin d ' immobi l i se r  les 61ectrodes dans  ce dernier.  
L ' ex t r6mi t6  sup6rieure du mon tage  est  enill6e dans un 
p is ton  creux  en plexiglas  (~ ext.  : 8 mm)  de 1 cm de h a u l  

sur  lequel  une fente  la t6rale  p e r m e t  de l ib6rer les ills. Ce 
p is ton  est  r empl i  de  c imen t  ac ry l ique  de  sor te  clue l 'extr6-  
mi t6  des 61ectrodes e t  de leur  fourreau soi l  pa r f a i t emen t  
m a i n t e n u e  et  isol6e. Ce p is ton  est  ferm6 pa r  un bouchon  

Fig. 1. Microdescendeur en place sur la t~te de l'animal. 
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