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t i v e l y  g lobu la r  body.  I n  F igure  2 of a second  meio t ic  r ec ta -  
p h a s e  po l a r  view, n e a r l y  38 e l emen t s  c an  be  c lea r ly  
coun ted .  W h e r e a s  the  l a rges t  e l e m e n t  in  t h i s  p l a t e  is com- 
p a r a b l e  in  size to  some of t he  smal l e r  m a m m a l i a n  ch romo-  
somes,  some of t he  sma l l e s t  e l e m e n t s  a re  a t  t h e  l im i t  of 
t h e  ef fec t ive  r e so lu t ion  in  a l igh t  microscope.  

Coun t ing  c h r o m o s o m e s  in  n ine  second meio t ic  p la t e s  
showing  d i sc re te  e l e m e n t s  w i t h o u t  a n y  a p p a r e n t  s ca t t e r -  
ing or  c lumping ,  h a s  r evea led  n u m b e r s  b e t w e e n  38 a n d  42. 
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Fig. 2 
Meiotic metapha~ I I plate showing nearly 38 elements, x 3250 approx. 

The  p r e s en t  a u t h o r  is of t h e  v iew t h a t  v a r i a t i o n s  in  t h e  
h ap l o i d  c h r o m o s o m e  n u m b e r  r eco rded  are  caused  b y  t h e  
c l u m p i n g  of some of t h e  smal le r  e lements .  E v i d e n c e  f rom 
t h e  second meio t ic  d iv i s ions  of t h e  p r e s e n t  m a t e r i a l  does  
n o t  s u p p o r t  t h e  o b s e r v a t i o n s  of NEWCOMER a n d  BRANT s 
a n d  NEWCOMER 1, w h o  desc r ibed  t h a t  ' t h e r e  is a m a r k e d  
r e d u c t i o n  in n u m b e r  a n d  v o l u m e  of t h e  c h r o m o s o m o i d s  
a n d  b y  t h e  second m e t a p h a s e  a n d  a n a p h a s e  t h e y  h a v e  
v i r t u a l l y  d i s a p p e a r e d '  in  t h e  domes t i c  fowl. 

H a n d l i n g  of t h e  a v i a n  m a t e r i a l  w i t h  some i m p r o v e d  
p r e f i x a t i o n  t r e a t m e n t - s q u a s h  t e c h n i q u e s  ~ h a s  c o n v i n c e d  
t h e  p r e s e n t  a u t h o r  t h a t  t h e  so cal led a v i a n  m i c r o c h r o m o -  
somes  a re  in  n o  w ay  n o n - c h r o m o s o m a l .  E v i d e n c e  f rom 
t h e  p r e s e n t  ma te r i a l ,  a n d  t h a t  of  some  o t h e r  birds4,S'L 
s t r o n g l y  sugges t s  t h a t  t h e r e  is no  decrease  in  t h e  n u m b e r  
of t h e  sma l l e r  e l e m e n t s  w i t h  t h e  progress  of  meiosis  a n d  
t h a t  t h e y  r e t a i n  t h e i r  i n d i v i d u a l i t y  t h r o u g h o u t  t h e  m i t o t i c  
a n d  t h e  meio t ic  cycle  a n d  do  n o t  a c t  as  mere  r e se rves  of 
D N A  for  t h e  l a rge r  e lements .  

Rdsumd. l ~ s  c h r o m o s o m e s  m6io t iques  des  t e s t i cu les  des  
~ t i t e s  a l o u e t t e s  de  l ' I n d e  (A lauda gulgula gutgula) o a t  6t6 
examin6s  apr~s  p r 6 t r a i t e m e n t  avec  la  so lu t ion  h y p o -  
t o n i q u e  de  Ringers .  D a u s  c h a c u n e  des  d e u x  m ~ t a p h a s e s  
m6io t iques ,  o n  en  a c o m p t 6  u n  n o m b r e  v a r i a n t  e n t r e  38 
e t  42. D a n s  ce r t a ine s  des  mei l leures  p laques ,  on  a c o m p t $  
41 ou 42 616ments. I1 n ' e s t  pa.s poss ib le  de  s a v o i r  a v e c  
pr6cis ion le h o m b r e  h a p l o i d e  exac t ,  ~ cause  des  d i m e n s i o n s  
e x t r 6 m e n t  p e t i t e s  de  que lques  61~ments. L ' a u t e u r  pense  
que  Ia v a r i a t i o n  e n  h o m b r e  p r o v i e n t  de  l ' a g g l u t i n a t i o n  de  
que lques  p e t i t s  c h r o m o s o m e s  9. 
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Due  to  t h e  e x t r e m e l y  smal l  size of some of t he  e l emen t s  
in  t he  meio t ic  divis ions ,  i t  is n o t  poss ible  to  say  w i t h  cer-  
t a i n t y  w h a t  c o n s t i t u t e s  t h e  e x a c t  hap lo id  n u m b e r  in  t h e  
p r e s e n t  species. As a n u m b e r  of p l a t e s  show b e t w e e n  38 
a n d  42 e l ement s ,  a n d  in some of t h e  bes t  p l a t e s  f rom b o t h  
t h e  me io t i c  d iv i s ions  e i t he r  41 or  42 e l e m e n t s  could  be  
coun ted ,  i t  a p p e a r s  p r o b a b l e  t h a t  e i t he r  of these  two  
n u m b e r s  r ep re sen t s  t h e  hap lo id  set.  
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(Punjab, lndia), November 24, 1962. 
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H i s t a m i n e  F o r m a t i o n  in Bone  M a r r o w  

H i s t a m i n e  f o r m a t i o n  b y  d e c a r b o x y l a t i o n  of h i s t i d ine  
ha s  been  d e m o n s t r a t e d  i so topica l ly  in  t i s sues  of all  m a m -  
m a l i a n  species so far  i nves t i ga t ed ,  in  c o n t r a s t  w i t h  resu l t s  
o b t a i n e d  b y  a non- i so top ic  m e t h o d  w h i c h  SC~AVER ~ a n d  
KABLSON 2 h a v e  r e fu t ed  as i n a d e q u a t e  to  t h e  purpose ,  I n  
t h e  ra t ,  t h e  level  of h i s t i d ine  d e c a r b o x y l a s e  is s ingu la r ly  
h i g h  in  some t i ssues  c h a r a c t e r i z e d  b y  a h i g h  r a t e  of cell 
m u l t i p l i c a t i o n  or  cell  r enewal ,  such  as  t i ssues  of t h e  
embryo ,  gas t r i c  mucosa ,  w o u n d  a n d  g r a n u l a t i o n  t i ssue  
of hea l i ng  sk in  w o u n d s  (for re ferences  see KAHLSON~). I n  
t h e  mouse  L a n d s c h i i t z  I asc i tes  t n m o u r ,  a h i g h  corre la-  
t i o n  b e t w e e n  h i s t id ine  d e c a r b o x y l a s e  level  a n d  m i t o t i c  
i n d e x  was  found  3 

T h e  bone  m a r r o w  was  e x a m i n e d  in t h i s  r e spec t  s ince  
t h i s  t i ssue  is a s i te  of h i g h  r a t e  of cell mu l t i p l i ca t i on .  Bone  
m a r r o w  was o b t a i n e d  f r o m  t h e  h u m e r u s ,  f e m u r  a n d  t i b i a  
of ra t s ,  t h e  age a n d  sex of wh ich  a re  n o t e d  in  t h e  Table .  
I n  each  of t h e  t h r e e  l a s t  e x p e r i m e n t s  of t h e  Tab le ,  t i s sue  
f r o m  two  r a t s  was  pooled.  H i s t i d i n e  d e c a r b o x y l a s e  ac t i -  
v i t y  was  d e t e r m i n e d  b y  i n c u b a t i n g  s amp le s  of b o n e  
m a r r o w  w i t h  40 ~g 14C-histidine a n d  m e a s u r i n g  t h e  
a m o u n t  of 14C-histamine formed,  expressed  as  c o u n t s  p e r  

itistidine decarboxylase activity in rat bone marrow 

Age in days Sex Amount of tissue incubated Cpm/g 
g 

41 ~ 0.07 30000 
43 ~ 0.11 20000 
45 ~ 0.08 26000 
• t6 ~ 0.10 21000 
48 ~ O.ll 40000 
52 ~ 0.17 21000 
54 ~ 0.13 ~4ooo 
63 ~ 0.06 58000 
76 ~ o.16 26000 

14o ~ o.18 25000 
14o ~ o.~3 31 ooo 

1 R. W. SCUAVER, New York Academy of Science Conference on 
Mast Cells and Basopkils, iu press. 
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min  pe r  g t i ssue  (cpm/g) .  W i t h  t h e  14C-histidine used, 1 tag 
x 'C-h i s tamine  fo rmed  co r r e sponded  to  a b o u t  5000 cpm. 

F o r  c o m p a r i s o n  w i t h  t h e  va lues  for bone  marrow,  t he  
h i s t a m i n e - f o r m i n g  capac i t i e s  of seve ra l  a d u l t  r a t  t issues,  
as d e t e r m i n e d  in  t h i s  l a b o r a t o r y ,  are  g iven  in  a p p r o x i m a t e  
f igures (cpm/g) :  l iver  ( embryonic )  150000;  l iver  50; skin 
50; s t o m a c h  30 000; g r a n u l a t i o n  t i ssue  2000; w o u n d  t issue 
1500; l u n g  1000. 

Because  of t h e  v e r y  h i g h  r a t e  of h i s t a m i n e  f o r m a t i o n  
a n d  t h e  g rea t  c o m b i n e d  mass  of t h e  bone  mar row,  a sub-  
s t a n t i a l  p r o p o r t i o n  of t he  t o t a l - b o d y  h i s t a m i n e  fo rma t ion  
resides in  t h i s  t issue.  The  p r e s e n t  s tudy ,  wh ich  so far  has  
no t  i nc luded  a cy to log ica l  e x a m i n a t i o n  of the  n u m b e r  a n d  
t y p e  of cells a c t u a l l y  in  mi tos is ,  s u p p o r t s  p rev ious  evi-  
dence  f r o m  t h i s  l a b o r a t o r y  of a poss ib le  r e l a t ionsh ip  be-  
t w e e n  h i s t a m i n e - f o r m i n g  c a p a c i t y  a n d  ce r t a i n  types  of 
r ap id  t i ssue  g rowth .  I t  r e m a i n s  to  be seen to  w h a t  e x t e n t  

t h e  a c t i v i t y  is conf ined  to  ba soph i l  g ranu locy te s ,  as t he se  
cells h a v e  been  s h o w n  to  c o n t a i n  h i s t id ine  d e c a r b o x y l a s e  
in man 4,6. 

Zusammen[assung. Das  K n o c h e n m a r k  d e r  R a t t e  h a t  
e in  hohes  V e r m 6 g e n  zur  H i s t a m i n b i l d u n g  d u r c h  D e k a r -  
b o x y l i e ru n g  yon  His t id in ,  

G. KAHLSON a n d  ELSA ROSENGREN 

Institute o/Physiology, University o[ Lund (Sweden), 
January 24, 1963. 
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D r u g  I n d u c e d  S k e l e t a l  M a l f o r m a t i o n s  in  the  Rat  

Var ious  a n i m a l  e x p e r i m e n t s  1-1t on  t he  t e ra togen ic  
ac t ion  of t h a l i d o m i d e  h a v c  been  repor ted .  To date ,  
gross m a l f o r m a t i o n s  h a v e  on ly  been  obse rved  in t he  
r a b b i t  ~,3,s,8,8,9 a n d  in  t h e  mouse  6,~°. No pos i t ive  f indings,  
o t h e r  t h a n  increased  m o r t a l i t y  a n d  r e a b s o r p t i o n  sites4, 6, 
or  c o m p a r a t i v e  s tud ies  of  o t h e r  h y p n o t i c  agents ,  h a v e  
b e e n  r e p o r t e d  in  t h e  ra t .  

G r o u p s  of 15 a n d  20 S p r a g u e - D a w l e y  r a t s  (Charles 
R i v e r  B r e e d i n g  Labora to r i e s )  were  p laced  on  a d ie t  
( P u r i n a  L a b o r a t o r y  Chow) c o n t a i n i n g  t h a l i d o m i d e  (1% 
a n d  2%) ,  p h e n o b a r b i t a l  (0.16%),  m e t h a q u a l o n e  (0.8%), 
a n d  g l u t e t h i m i d e  (0 .4%)  for t h r e e  days  pr io r  to  ma t ing .  
B o t h  ma le  a n d  female  a n i m a l s  rece ived  t h e  t e s t  agent .  
W h e n  a b o u t  two  weeks p r e g n a n t ,  t h e  female  a n i m a l s  were 
r e m o v e d  a n d  p e r m i t t e d  to  del iver .  T h e y  received t h e  
t r e a t m e n t s  for  t he  full  g e s t a t i o n  per iod.  S t i l lborn  and  
a n i m a l s  d y i n g  u p  to  seven  d a y s  were carefu l ly  e x a m i n e d  
for  defec ts  a n d  preserved .  The  su rv ivo r s  were weaned.  

One  h u n d r e d  a n d  t h r e e  p r e g n a n t  a n i m a l s  were  s tud ied  
a n d  of 233 dead  offspring,  137 were  e x a m i n e d  for skele ta l  
m a l f o r m a t i o n s .  

Of f spr ing  m o r t a l i t y  was  h ighes t  in  the  p h e n o b a r b i t a l  
(78%) a n d  t h a l i d o m i d e  g roups  (29% a n d  42% respec- 
t ive ly)  as  c o m p a r e d  to  t he  con t ro l s  (6%).  Mor ta l i t y  was 
less w i t h  m e t h a q u a l o n e  (23%) a n d  g l u t e t h i m i d e  (18%). 
L i t t e r  size was  decreased  in t h e  p h e n o b a r b i t a l  and  tha l ido-  
mide  t r e a t e d  g roups  sugges t ing  u t e r ine  r eabsorp t ion .  

E x a m i n a t i o n  of t he  a l i za r in  red  s t a i ned  ske le tons  12 
r evea l ed  a b n o r m a l i t i e s  of a k i n d  obse rved  w i t h  o t h e r  
t e r a t o g e n s  In. T h e s e  inc luded  mul t ip l e  occur rence  of 
doub le  v e r t e b r a l  c e n t r a  ( F i g u r e ) . T h i s  was  h ighes t  w i th  
m e t h a q u a l o n e  (9/9), t h a l i d o m i d e  2% (30/48) and  pheno-  
b a r b i t a l  (20/25) a n d  lowest  w i t h  g t u t e t h i m i d e  (4/17). 
E x t r a  r ibs  were  o b s e r v e d  on  t h e  f i r s t  l u m b a r  v e r t e b r a e  
(L 1) in  e igh t  an ima l s  on  m e t h a q u a l o n e  a n d  in two  
an ima l s  each  on  p h e n o b a r b i t a l  a n d  t h a l i d o m i d e  1%. In  
t he  t h a l i d o m i d e  2 % g roup  t h r e e  a n i m a l s  showed  a m a r k e d  
b r a n c h i n g  a n d  fus ion  of t h e  r ibs  (Figure) .  A n o t h e r  com- 
m o n  f ind ing  in t h e  t h a l i d o m i d e  t r e a t e d  an ima l s  was 
' s c r a m b l e d '  s t e r n a b r a e  in 22 in s t ances  (Figure),  SVith 
p h e n o b a r b i t a l ,  5 s imi la r  m a l f o r m a t i o n s  were observed.  
I n  t h e  skull ,  i n h i b i t i o n  of ossif icat ion,  man i f e s t  b y  ab-  
n o r m a l l y  wide  s u t u r e s  b e t w e e n  t h e  c ran ia l  bones,  was  
obse rved .  T h i s  was  c o m m o n  to  al l  t h e  p h e n o b a r b i t a l -  
t r e a t e d  an ima l s  b u t  on ly  occur red  in 2 an ima l s  each  on  

tha l idomide  2% a n d  g lu t e th imide .  Co n t ro l  a n i m a l s  
showed m i n o r  d e v i a t i o n s - - o n e  of fspr ing  h a d  a s ingle ve r -  
t eb ra l  m a l f o r m a t i o n  an d  a n  e x t r a  oss i f ica t ion  cen t r e  o n  
L 1. F u r t h e r  ind ica t ion  of t h e  d r u g  effect  was  o b t a i n e d  
by  e x a m i n a t i o n  of a second l i t t e r  f rom t h e  same  m o t h e r s  
on  a drug-free diet .  M o r t a l i t y  in  the  second  l i t t e r  was  n o t  
d i f ferent  f rom cont ro l s  an d  ske le ta l  m a l f o r m a t i o n s  were  
e i the r  a b s e n t  (e.g. p h e n o b a r b i t a l )  or  m a r k e d l y  r ed u ced  
b o t h  in incidence an d  sever i ty .  These  resu l t s  co n f i rm  t h e  
induc t ion  of ma l fo rma t ions  p roduced  b y  t h e  a g e n t s  t e s t ed .  

A I ¢ 

Alizarin red stained skeleton of 1 day oM Sprague-Dawley rats. 
(a) branched and fused ribs, (b) 'scrambled' sternabrae and (c) double 

vertebral eentra. Scale in cm. 
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