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Mutagenicity testing o f  3 hallucinogens: LSD, psilocybin and d 9 - T H C ,  

using the micronucleus test 
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5 August 1977 

Summary. Using the  micronucleus  tes t  as a screening m e t h o d  for mutagen ic  ac t iv i ty ,  no s ignif icant  increase in the  
n u m b e r  of micronuclei  was found when  LSD,  psi locybin or A 9-THC were admin i s t e red  in 3 logar i thmical ly  increasing 
doses to mice. Aza th iopr ine  ( Imuran  | g iven as a posi t ive  control ,  caused a s ta t i s t ica l ly  s ignif icant  increase in micro- 
nuc lea ted  cells. 

Considering the  appl ica t ion  of lysergic acid d ie thy lamide  
(LSD) and  ps i locybin  in p s y c h o t h e r a p y  and  the  use of 
Cannabis as a hal lucinogen,  the  t es t ing  of the  mutagenic  
ac t iv i ty  of these subs tances  is of grea t  impor tance .  One of 
the  me thods  r ecommended  nowadays  for tes t ing  the  
mutagen ic  po ten t i a l  of chemical  agents  is the  micronucleus  
test .  Schroeder  2 first men t ioned  the  presence  of micro- 
nuclei  in nuclea ted  bone mar row  cells and sugges ted  
scoring as a ref lect ion of chromosome- lagging .  The devel-  
o p m e n t  into the  mu tagen i c i t y  tes t  in use now was done 
b y  Schmid  et  al. 3, 4. The ra t ionale  of the  t e s t  procedure  
is the  anaphase- lagging  Of acentr ic  ch romosome  f ragments ,  
a p p a r e n t l y  caused by  ch romosome  break, while the  cen- 
t r ic  e lements  move  to the  poles of the  cell. Chromosome 
loss due to par t i a l  i m p a i r m e n t  of the  spindle fibres, can 
also give rise to  the  presence  of micronuclei .  I t  is assumed 
t h a t  ent i re  ch romosomes  or ch romosome  par ts ,  which 
s t ay  behind,  form one or more  smal l  f r agment s  of nuclear  
mater ia l .  These f r agment s  usually are m u c h  smal ler  t h a n  
normal  nuclei - t h e y  have  a d i ame te r  of 1/20-1/5 of an 
e ry th rocy t e  - and therefore  are called micronuclei .  Micro- 
nuclei  are found in an increased f requency  in bone mar row 
cells which  have  been exposed  to cer ta in  chemical  agents  
(e.g. cy tos t a t i c  agents).  The micronuclei  are p re fe rab ly  
coun ted  in young  e ry th rocy tes ,  because e ry th rob las t s  ex- 
pel l ing the i r  nucleus re ta in  the  micronucleus.  
In  the  micronucleus  tes t ,  d e m o n s t r a t i o n  of a s ta t i s t ica l ly  
s ignif icant  increase in the  n u m b e r  of micronuclei  is an 

Survey of the number of cells with micronuclei in 1000 polychro- 
matic erythrocytes in bone marrow of mice after 2 i.p. administra- 
tions of LSD, psiloeybin, Ag-THC and vehiculum respect ively~ 
Azathioprine is used as a positive control 

Treatment Number of cells Range of number 
with micronuclei * of cells with 

micronuclei 

Saline 3.3 1-7 
LSD 80 7/kg 1.7 0-9 
LSD 160 7[kg 3.2 2-4 
LSD 320 ~/kg 4.5 2-6 

Saline 2.5 1-5 
Psilocybin 4 mg/kg �9 2.0 1-3 
Psilocybin 8 mg/kg 1.2 0-2 
Psilocybin 16 mg/kg 2.4 2-3 

4% Tween 80 2.5 1-5 
zJg-THC 5 mg 2.9 2-5 
Ag-THC 10 mg 2.5 1-4 
Ag-THC 20 mg 3.5 2-5 
Agathioprine 50 mg]kg 30.1 26-33 

* In each animal 1000 polychromatic erythrocytes were analyzed; the 
values are the means corresponding to 5 animals, obtained using the 
transformation of Freeman and Tukey. 

indica t ion  for the  ch romosome-break ing  po ten t i a l  of the  
agent  unde r  inves t igat ion.  Here  we r epo r t  expe r imen t s  on 
LSD,  psi locybin and  A "-THC. The la t t e r  co mp o u n d  was 
chosen ins tead of Cannabis itself, being the  main  act ive 
c o m p o n e n t  of the  p repara t ion .  

Material and methods. Young adul t  Swiss mice, 7-8 weeks 
old, were used in the  exper iments .  For  each dose 5 an imals  
were chosen,  2 females  and 3 males. L S D  (Sandoz) was 
given in doses of 80, 160 and 320 ag/kg b .wt ;  ps i locybin  
(Sandoz) in doses of 4, 8 and 16 mg/kg  b .wt  and  A 9-THC 
(Batch  UNC 441, Uni t ed  Nat ions ,  Narcot ic  Drugs) in 
doses of 5, 10 and 20 mg/kg  b.wt.  For  the  posi t ive  cont ro l  
e x p e r i m e n t  aza th iopr ine  ( Imuran  | Bur rough ' s  Wellcome) 
was appl ied  in a dose of 50 m g / k g  b.wt .  The doses used for 
LSD and  ps i locybin  were der ived  f rom the  h u m a n  dose in 
p s y c h o t h e r a p y ;  for THC doses effective in an imal  behav-  
iour pha rmaco logy  were chosen. LSD,  psi locybin and aza- 
th iopr ine  were dissolved in buffered saline, for J "-THC 
4% Tween  80 in 0.9% NaC1 was  used as the  vehiculum.  
All agen ts  were in jec ted  twice i.p. wi th  an in terval  of 24 h ; 
and  24 h af ter  the  last  inject ion the  animals  were killed 
and bone  mar row smears  were made.  The smears  were 
s ta ined in May-Gri inwald  Giemsa s ta in  according to the  
procedure  of Schmid  4, wi th  the  modif ica t ion  t h a t  Soren-  
sen buffer  of pH 6.8 was used ins tead of dist i l led water .  
In  the  slides 1000 po lychromat ic  e ry th rocy te s  were 
screened for the  presence  of micronuclei .  The values  given 
in the  tab le  for each dose are the  means  cor responding  to 
5 animals ,  ob ta ined  using the  t r ans fo rma t ion  of F r e e m a n  
and  Tukey.  For  the  t r ans fo rmed  da t a  analyses  of var iance  
were calculated.  

Results and discussion. The resul ts  o f  the  expe r imen t s  are 
given in the  table.  No s ta t i s t ica l ly  s ignif icant  increase in 
the  n u m b e r  of cells w i th  micronuclei  was found af ter  t r ea t -  
m e n t  wi th  d i f ferent  doses of LSD,  ps i locybin  or A "-THC. 
As expected ,  the  mice t r ea t ed  wi th  50 mg/kg  aza th iopr ine ,  
known  to be posi t ive  in the  micronucleus  test ,  did show a 
s ignif icant ly  increased n u m b e r  of cells w i th  micronuelei  in 
compar i son  to contro l  values. Af ter  admin i s t r a t ion  of 
Tween 80, the  veh icu lum for A 9-THC, the  n u mb er  of cells 
wi th  micronuclei  was  in the  same range as the  contro l  
values of animals  receiving buffered saline only. 

E x p e r i m e n t s  concerning the  mutagen ic  ac t iv i ty  of L S D  
have  led to  confl ic t ing results.  In  recen t  s tudies  d o m i n a n t  
lethals,  the  f requency  of which  was  dose -dependen t ,  were  
induced  in 9 and d~ mice, using the  d o m i n a n t  le thal  t e s t  5, 8. 
S t ruc tu ra l  ch romosome  abnormal i t i es  in p r i ma ry  sper-  
m a t o c y t e s  of ra t s  a n d  mice were sporadic ,  bu t  a signifi- 
can t  increase in t he  n u m b e r  of spe rma tocy t e s  w i th  uni- 
va len t s  did occur 7. No ch romosome  abnormal i t i es  were 
found a f t e r  in vivo appl ica t ion  of the  drug  in humansS,  o 
and  Syr ian  h ams t e r s  10 However ,  an increase in s t ruc tu ra l  
ch romosome  aber ra t ions  was found When LSD was added  
to  the  l y m p h o c y t e s  of the  same p a t i en t s  in vi t ro  s. 
In  our expe r imen t s  wi th  the  micronucleus  test ,  no indica-  
t ion was  found for a ch romosome-break ing  ac t iv i ty  of 
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L S D .  T h e  a b s e n c e  of  t h e  m e t a b o l i c  a c t i v i t y  of  t h e  l i ve r  
a n d  t h e  g r e a t e r  s e n s i t i v i t y  of  ce l ls  in  v i t r o  m a y  be  c a u s e s  
for  t h e  d i s c r e p a n c y  in  r e s u l t s  b e t w e e n  in  v i v o  a n d  in v i t r o  
s y s t e m s .  P s i l o c y b i n  h a s  n o t  b e e n  i n v e s t i g a t e d  a s  e x t e n -  
s i v e l y  as  L S D .  A d d i t i o n  o f  p s i l o c y b i n  t o  h u m a n  l y m p h o -  
c y t e s  in  v i t r o  l ed  t o  a n  i n c r e a s e  of  c h r o m o s o m e  g a p s  ~1. 
T h i s  t y p e  of  c h r o m o s o m e  a b n o r m a l i t y ,  h o w e v e r ,  is u s u a l l y  
n o t  s e e n  as  r e p r e s e n t a t i v e  fo r  c h r o m o s o m e  b r e a k a g e .  I n  
c o n t r a s t  to  t h e  p u b l i c a t i o n  o f  E b e r l e  a n d  L e u n e r  12, w h e r e  
a n  i n c r e a s e d  n u m b e r  of  c h r o m o s o m e  b r e a k s  w a s  f o u n d  
in  4 p a t i e n t s  t r e a t e d  w i t h  p s i l o c y b i n ,  r e s u l t s  of  o u r  e x -  
p e r i m e n t s  w i t h  h u m a n s  o n  p s y c h o t h e r a p y  a n d  C h i n e s e  
h a m s t e r s  20 g a v e  n o  i n d i c a t i o n  for  a n  in  v i v o  c h r o m o s o m e -  
d a m a g i n g  a c t i v i t y  of  p s i l o c y b i n  a n d  a re  in g o o d  a g r e e m e n t  
w i t h  t h e  n e g a t i v e  f i n d i n g s  in  t h e  m i c r o n u c l e u s  t e s t .  T h e  
r e s u l t s  w i t h  T H C  in  t h e  m i c r o n u c l e u s  t e s t  c o r r e s p o n d  we l l  
w i t h  l i t e r a t u r e  f i n d i n g s .  N e i t h e r  A s_ n o r  A " - T H C  i n d u c e d  
c h r o m o s o m e  a b e r r a t i o n s  w h e n  a d d e d  to  h u m a n  l y m p h o -  
c y t e s  in  v i t r o  13, 14. A " - T H C  t a k e n  o r a l l y  o r  s m o k e d  in  
d i f f e r e n t  d o s a g e s  in  c i g a r e t t e s  b y  h u m a n s ,  d i d  n o t  c a u s e  
a n  i n c r e a s e  in  c h r o m o s o m e  b r e a k s  I5, 16, n o r  d i d  s.c.  a p p l i -  
c a t i o n  in  S y r i a n  h a m s t e r s  10. I n  v i t r o  a d d i t i o n  of Cannabis 
r e s i n  to  e m b r y o n i c  r a t  f i b r o b l a s t s  o r  h u m a n  l y m p h o c y t e s ,  
in  v i v o  a p p l i c a t i o n  t o  p r e g n a n t  r a t s  o r  s m o k i n g  b y  h u m a n s  
d i d  n o t  l e ad  to  a n  i n c r e a s e  in c h r o m o s o m e  a b n o r m a l i t i e s  iv. 
I n  a l a rge  g r o u p  of  m a r i h u a n a  use r s ,  on  t h e  o t h e r  h a n d ,  
a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in c h r o m o s o m e  a b e r r a -  
t i o n s  w a s  f o u n d  is, l~. T h e  c o n f l i c t i n g  d a t a  f r o m  m a r i h u a n a  
s m o k e r s  m a y  be  e x p l a i n e d  b y  a s s u m i n g  a c o m p o n e n t ,  
o t h e r  t h a n  T H C ,  b e i n g  t h e  c a u s e  of  t h e  c h r o m o s o m e  
d a m a g e .  I n  m u t a g e n e c i t y  t e s t i n g  i t  is n o t  p o s s i b l e  a t  
p r e s e n t  to  p r o v e  t h e  m u t a g e n i c  p o t e n t i a l  of  a c o m p o u n d  
in  a s ing le  t e s t  s y s t e m .  R e s u l t s  of  o t h e r  t e s t s  wil l  be  
n e e d e d  to  c o n f i r m  o u r  n e g a t i v e  r e s u l t s  w i t h  t h e  m i c r o -  
n u c l e u s  t e s t .  
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Summary .  A c h r o m o s o m a l  n u m e r i c  p o l y m o r p h i s m  2 n  ~ 38, 39, 40 a n d  41 in t h e  spec i e s  Rattus rattus ssp .  [rugivurus 
( R a f i n e s q u e ,  1814) is r e p o r t e d  for  t h e  f i r s t  t i m e  for  t h i s  s u b s p e c i e s .  T h e  n u m b e r s  2 n  = 39, 40 a n d  41 a r e  n e w  for  t h e  
spec ies .  T h e  p o l y m o r p h i s m  is d u e  to  t h e  p r e s e n c e  of  1, 2 or  3 B - c h r o m o s o m e s ,  w h i c h  a r e  a l l  s m a l l  m e t a c e n t r i c s  of  t h e  
s ize  a n d  s h a p e d  v e r y  c lose  to  t h e  o t h e r  a u t o s o m e s  of  t h e  n o r m a l  c o m p l e m e n t ,  a n d  w h o s e  c h a r a c t e r  of  b e i n g  s u p e r -  
n u m e r a r i e s  is s h o w n  in Meios i s .  

W h i l e  c h r o m o s o m a l  p o l y m o r p h i s m  d u e  to  s u p e r n u m e r a r y  
o r  B - c h r o m o s o m e s  is w i d e l y  e x t e n d e d  in  p l a n t s  a n d  a m o n g  
s o m e  g r o u p s  of  i n s e c t s  1, i t s  i n c i d e n c e  a m o n g  t h e  m a m m a l s  
is r a t h e r  ra re .  A n d  ye t ,  s o m e  c a s e s  h a v e  b e e n  d e s c r i b e d ,  
a m o n g  w h i c h  s t a n d s  o u t  o n e  r e p o r t e d  for  t h e  m a r s u p i a l  
Schoinobates volans 2, w h i c h  c o n t a i n s  in  i t s  ce l ls  a v a r i a b l e  
n u m b e r  of  s m a l l  a d d i t i o n a l  m e t a c e n t r i c  c h r o m o s o m e s  
( m i c r o c h r o m o s o m e s ) ,  r a n g i n g  f r o m  1 to  3. I n  Echymipera 
kalabu w a s  p o i n t e d  o u t  b y  H a y m a n  3, in  p a r a l l e l  w i t h  a s e x  
c h r o m o s o m e  m o s a i c i s m .  C e r t a i n  e x t r a  o r  s u p e r n u m e r a r y  
c h r o m o s o m e s  we re  a l so  r e p o r t e d  in  o t h e r  m a m m a l i a n  spe -  
cies,  s u c h  as  Vulpes vulpes 4-6. I n  r o d e n t s ,  Reithrodontomys 
megalotys 7, Rattus rattus ssp .  diardiiS, Rattus rattus9 a n d  
A podemus giliacus lo 
T h e  n u m e r i c  p o l y m o r p h i s m  of  R. rattus ssp .  diardii, de -  
s c r i b e d  b y  Y o n g  8 in  t h e  i n d i v i d u a l s  w i t h  s t a n d a r d  k a r y o -  
t y p e  2n = 42 of M a l a y s i a ,  is d u e  to  t h e  p r e s e n c e  of  s o m e  

s m a l l  a d d i t i o n a l  c h r o m o s o m e s ,  w h i c h  a p p e a r e d  al l  to  b e  
s m a l l  m e t a c e n t r i c s ,  i n d i s t i n g u i s h a b l e  f r o m  s m a l l  m e t a c e n -  
t r i c s  of  t h e  n o r m a l  c o m p l e m e n t .  G r o p p  e t  al.  11 f o u n d  in  
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