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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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C h r o m o s o m a l  p o l y m o r p h i s m  c a u s e d  by  s u p e r n u m e r a r y  c h r o m o s o m e s  in R a t t u s  ra t tus  s sp .  f r u g i -  
r u f u s  ( R a f i n e s q u e ,  1 8 1 4 )  ( R o d e n t i a ,  M u r i d a e )  

M. A. P r e t e l  a n d  G. R .  D i a z  de  la G u a r d i a  

Departamento de Genetica, Facullad de Ciencias, Universidad de Granada (Spain), 75 August  1977 

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  

1 M . J . D .  White, Animal Cytology and Evolution, 3rd ed. Cam- 
bridge Univ. Press, 1973. 

2 D . L .  Hayman  and P. G. Martin, Aust. J. biol. Sci. 78, 1081 
(1965). 

3 D .L .  Hayman,  P. G. Martin and P. F. Waller, Chromosoma 27, 
371 (1969), 

4 I. Gustavson and C. O. Sundt,  J. Hered. 58, 75 (1967). 
5 M. Sasaki, H. Shimba, M. Itoh, S. Makino and G. Shiota, 

Proc. Japan Acad. 44, 847 (1968). 
6 K .E .  Buekton and C. Cunningham, Chromosoma 33, 268 (1971). 
7 H . S .  Shellhammer, Chromosoma 27, 102 (1969). 
8 H . S .  Yong and S. S. Dhaliwal, Chromosoma 36, 256 (1972). 
9 K . L .  Satya Prakash and N. V. Aswathanarayana,  J. Mysore 

Univ. 25, 23 (1972/73). 
10 I. Hayata,  Chromosoma d2, 403 (1973), 



326 Specialia EXPERIENTIA 34/3 

Figures 1-8. Karyotypes of Rattus rattus ssp. frugivurus (Raf. 1814). 

Fig. 1. Standard female karyotype, 2n = 38. Fig. 2. Male, 2n = 39, with 1 B-chromosome. Fig. 3. Female, 2n ~ 40, with 2 B-chromosomes. 

Fig. 4. Male, 2n = 41, with 3 B-chromosomes. Fig. 5. Mitotic metaphase plate, normal, 2n = 38. Fig. 6-8. Mitotic metaphase plates with 1,2 
and 3 B-chromosomes respectively. 
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Asia t ic  p o p u l a t i o n  of Raltus,  ident i f ied  as R. rattus ssp. 
thai (Kloss,  1971), 2n = 42, a new type  of n u m e r i c a l  var i -  
a t ion ,  due  to  the  p r e sence  of 1, 2, 3 or 4, respec t ive ly ,  pa i rs  
of add i t i ona l  smal l  me tacen t r i c s .  The  2 l a t t e r  a u t h o r s  do 
n o t  go v e ry  deep ly  in to  the  s tud ies  of the  n a t u r e  of t hese  
add i t i o n a l  c h r o m o s o m e s ,  l imi t ing  t h e m s e l v e s  to the  mere  
s t a t e m e n t  of the i r  presence .  
H a y a t a  10 descr ibes  wide i nd iv idua l  v a r i a t i o n  r a n g i n g  f rom 
48 to 59 of t h e  c h r o m o s o m e  n u m b e r  in Apodemus  giliacus. 
Such  e x t r e m e  va r i ab i l i t y  in c h r o m o s o m e  n u m b e r  was  as-  
cr ibed to t h e  dif ferences  in n u m b e r  of severa l  b i a r m e d  
c h r o m o s o m e s  an d  m i c r o c h r o m o s o m e s .  The  he te rop icno t i c  
c h a r a c t e r  of these  add i t i ona l  e l emen t s ,  as well as the i r  
i r regula r  meio t ic  b e h a v i o u r  in th i s  species,  revea led  t h a t  

t he  u n s t a b l e  e l e m e n t s  r ep re sen t ed  ce r t a in  c o m p l e x  super -  
n u m e r a r i e s  of h i t h e r t o  undesc r ibed  na tu r e .  
The  p resence  of B - c h r o m o s o m e s  in the  species  Rat tus  rattus 
s s p . / r u g i v u r u s  (Raf inesque ,  1814) h a s  been  p r e v i o u s l y  re- 
po r t ed  b y  us  TM. I n  th i s  paper ,  a case of n u m e r i c  p o l y m o r -  
p h i s m  in th i s  p roceed ing  f rom d i f fe ren t  localit ies,  m o s t l y  
in t he  s o u t h  of Iberic  Pen insu la ,  is descr ibed.  A t o t a l  
n u m b e r  of 44 a n i m a l s  h a d  been  ana lysed ,  all of t h e m  live- 

11 V. A. Gropp, J. Marshall, G. Flatz, iV[. Otbrich, K. Manya- 
nondha and A. Santadusit, Z. S/iugetierk. 35, 363 (1970). 

12 G. R. Diaz de la Guardia and M. A. Pretel, XII Jornadas 
Genetica, September 1976, Valencia, Spain. 

Figures 9-13. Meiosis in Rattus rattus ssp. ]rugivurus. 

Fig. 9. Paehytene with 1 B-chromosome. Fig. 10. Diplotene. Lateral aquiamatic pairing of B-chromosomes, 2n = 40. Fig. 11. M-I, with 19 II. 
Normal, 2n = 38 individual. Fig. 12. M-I, with 2 unpaired B-chromosomes, 2n = 40. Fig. 13. B-chrolnosome showing negative heteropie- 
nosis, 2n = 39. 



328 Specialia EXPERIENTIA 34/3 

t r a p p e d  in 7 d i f ferent  po in t s  in the  south  of Spain, in the  
provinces  of Granada,  J aen  and also in Guadala jara ,  Alba-  
cete,  Murcia and  Cuenca. The t echn ique  employed  was 
t h a t  of 'medu la  osea'  (bone marrow) for the  s t u d y  of 
somat ic  c h r o m o s o m e s ,  and  Meiosis was s tudied  in tes tes  
cells. 

W i t h  the  except ion  of the  popu la t ion  of Granada ,  wi th  
21 animals  examined ,  which  p resen ted  a grea t  numer ic  
va r i e ty  (2n = 38, 39, 40 and  41), the  remain ing  popula-  
t ions  f rom o the r  localities showed a re la t ive s tab i l i ty :  2n 
= 38 and  rare ly  2n = 39. The number s  2n = 39, 40 and 41 
are new for the  species and were previous ly  repor ted  by  us 
for t he  f i rs t  t ime  12. 

In  all cases the  var ia t ion  in n u m b e r  was due exclusively 
to  the  presence  of 1, 2 or 3 supe rnumera ry  chromosomes ,  
respect ively ,  which  by  the i r  morpho logy  and size do no t  
differ f rom the  small  me tacen t r i c  ch romosomes  of the  
no rma l  s t anda rd ,  2n = 38, c o m p l e m e n t  (figures 1-8). 

In  the  popu la t ion  of Granada ,  the  f requency  of d i f ferent  
k inds  of numer ic  va r ian t s  was as follows : 2n = 38, ~14 .2  % ; 
2n = 39, ~ 4 2 . 8 % ;  2n = 40, ~ 3 8 % ;  2n = 41, ~ 5 % .  In 
order  to know wi th  grea te r  exac t i tude  the  na tu re  and 

origin of these chromosomes ,  we pe r fo rmed  a careful  s t u d y  
of Meiosis (figures 9-13). 
Ea r ly  in Prophase  these  chromosomes  appear  as s t rongly  
he te ropicnot ic  bodies,  the  a rms very  s t rongly  con t rac ted  
and the  cons t r ic t ions  well  p ronounced  as in the  case of 
Metaphase  ch romosomes  (figure 9). They  collocate t hem-  
selves general ly  in t he  margins  of t he  nucleus. W h e n  there  
are more  t h a n  1 of t hem,  t h e y  form la tera l  ach iasmat ic  
associat ions (figure 10) and  pa r t  precociously,  so t h a t  in 
Metaphase  t h e y  appea r  sepa ra ted  (figure 12). In  the  ani- 
mals  2n = 40, w i th  2 s u p e r n u m e r a r y  chromosomes ,  in 
80% of all me taphase  plates,  these  chromosomes  do not  
appear  in pairs.  At  th is  s tage it is somet imes  possible to 
observe the i r  nega t ive  he teropicnos is  (figure 13). 
The obse rva t ions  carr ied out  allow us to conclude t h a t  the  
d i s t r ibu t ion  of these  ch romosomes  in the  p roduc t s  of 
Meiosis is irregular.  At  p re sen t  we are mak ing  crossing ex- 
pe r imen t s  in order  to  e lucidate  the  he red i ty  of these 
chromosomes .  The observa t ions  m a d e  in Meiosis clearly 
show the  s u p e r n u m e r a r y  charac te r  of these  chromosomes ,  
being s t rongly  he teropicnot ic ,  because of the  lack of pair-  
ing a t  Metaphase  and because of the i r  i rregular  segrega- 
t ion.  

Random chromosome breakage by colchicine in Viscum ]ischeri (Loranthaceae) 

A. S. I s lam 1, K. Njoroge and  A. I r u d a y a n a t h a n  2, a 

Department o/Botany,  University o[ Nairobi, Nairobi (Kenya), 37 January 1977 

Summary. W h e n  the  shoot - t ips  of Viscum /ischeri Engl.  were t r e a t ed  wi th  var ious  concen t ra t ions  of colchicine for 
d i f fe rent  lengths  of t ime,  i t  was found t h a t  in th is  p l an t  ch romosome  breakage  was no t  localized to cen t romer ic  region 
as r epo r t ed  in o the r  p lants .  In  V. [ischeri chromosome  breakage  occurred at  r a n d o m  (s imulat ing X- ray - induced  
f ragmenta t ion) .  The pe rcen tage  of breakage  increased l inearly wi th  respect  to t ime  a t  concen t ra t ions  0.1, 0.2, 0.3% 
b u t  parabol ica l ly  a t  0.5%. 

E v e r  since the  d iscovery  of colchicine as polyploidis ing 
agen t  in 19374, it  has  been used ex tens ive ly  for dup l ica t ing  
ch romosomes  of a large n u m b e r  of p l an t  species and  p lan t  
hybr ids ;  b u t  excep t  for a few repor t s  s-7 i ts  effect  on 
ch romosome  damage  is n o t  k n o w n  in detail .  The  fac t  t h a t  
th is  chemical  is used in the  t r e a t m e n t  of cer ta in  h u m a n  
ai lments ,  e.g. gout  s , makes  it necessary  to inves t iga te  i ts  
genet ic  effects.  In  s tudies  re leven t  to env i ronmen ta l  m u t a -  
genesis,  var ious  genetic pa r ame te r s  are used;  one such 
p a r a m e t e r  is ch romosome  breakage  caused by  an agent .  
Since colchicine is known  to  cause breaks  a t  the  cent ro-  
meric  region of chromosomesS-L we unde r took  fu r the r  to  
inves t iga te  its effects on the  chromosomes ,  using Viscum 
[ischeri which  has  ex t rao rd ina r i ly  large chromosomes ,  
rang ing  f rom 10 to  44 a m  s. 

Table 1. Observed percentage of chromosome breaks 

Time 
(h) 

Percentage of mitoses showing one or more chromosome 
breaks at 6 concentration levels 
0.0 0.05 0.i 0.2 0.3 0.5 

0.5 0 0 0 0 0 0 
1.0 0 0 0 3 12 19 
2.0 0 0 0 17 40 77 
3.0 3 0 2 26 49 88 
4.0 0 2 6 36 66 100 

Material and methods. The  shoot - t ips  of V. fischeri Engl .  
(female) were col lected be tween  09.00 and 10.00 h and 
immed ia t e ly  placed in aqueous  solut ion of colchicine of 
4 d i f fe rent  concen t ra t ions  and for var ious  lengths  of t ime  
(table 1). The mater ia l  was  washed in dist i l led wa te r  af ter  
th is  p r e t r e a t m e n t  and  f ixed in acetic alcohol (1 : 3) for 1 h. 
Af te r  f ixa t ion  the  mate r ia l  was washed in wa te r  for 
10 min and then  hydro lysed  for 71/2 min in NHC1 a t  60 ~ 
then  s ta ined in ace to -ca rmine  and  squashed.  
Results and discussion. A to ta l  of 994 cells was scored of 
which 142 were controls .  I n  the  controls  as well as in the  
0.05% series, b reakage  was observed  in 1 ceil only. These 
cases migh t  be due  to t he  effect  of wa te r  which is r epor ted  
to  occasional ly cause breaks  1% Higher  concen t ra t ions  in- 
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