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n e u r o n s  n .  D e c a r b o x y l a t i o n  of  e x o g e n o u s  L-dopa  to  dop -  
a m i n e  s e e m s  to  be  n e c e s s a r y  fo r  r e s u l t a n t  d i s p l a c e m e n t  of  
t h e  e n d o g e n o u s  s e r o t o n i n  f r o m  the  ves i cu l a r  s t o r e s L  O n  
t h e  o t h e r  h a n d ,  e x p e r i m e n t a l  d a t a  give ev idence  t h a t  t h e  
decrease  in s e r o t o n i n  c o n t e n t  of r a t  b r a i n  a f t e r  a d m i n i s t r a -  
t i o n  of L-dopa  m a y  be  caused  b y  r e d u c t i o n  of t h e  concen-  
t r a t i o n  of i ts  p r e c u r s o r ,  t r y p t o p h a n  s. These  poss ib i l i t i e s  of 
i n t e r a c t i o n s  m a y  also be  t r u e  in t h e  case of 5 - O H - d o p a  as 
t h e  c o m p o u n d  is m e t a b i l i z e d  to  5 - O H - d o p a m i n e l .  

F u r t h e r  i n t e r a c t i o n s  b e t w e e n  t h e  c a t e c h o l a m i n e s ,  5- 
O H - d o p a m i n e  a n d  d o p a m i n e ,  a n d  t h e  indo leamine ,  sero-  
t o n i n  a re  a lso  d e m o n s t r a t e d  b y  t h e  u p t a k e  s t ud i e s  de- 
s c r ibed  here .  B o t h  c a t e c h o l a m i n e s  d o s e - d e p e n d e n t l y  de- 
c rease  t h e  a m o u n t  of t r i t i a t e d  s e r o t o n i n  a c c u m u l a t e d  b y  
s t r i a t a l  t i s sue  slices in v i t ro .  I t  is a s s u m e d  t h a t  t h e  de-  
c rease  in t h e  u p t a k e  of  5 - H T  is n o t  due  to  t h e  i n h i b i t i o n  of 
t h e  u p t a k e  m e q h a n i s m  for  5 -HT,  b u t  t h a t  d i s p l a c e m e n t  
of s e r o t o n i n  b y  t h e  c a t e c h o l a m i n e s  t a k e s  p lace  a t  t h e  s to-  
r age  si tes.  T h i s  a s s u m p t i o n  is s u p p o r t e d  b y  k ine t ic  s t u d i e s  
w i t h  s t r i a t a l  t i s sue  slices of  r a t s  in v i t ro .  T h e s e  i nves t i ga -  
t i o n s  i nd i ca t e  t h e  p re sence  of a t  leas t  2 d i s t i nc t  u p t a k e  
m e c h a n i s m s  for  s e ro ton in ,  t h e r e b y  s h o w i n g  t h a t  s e r o t o n i n  
m a y  also e n t e r  c a t e c h o l a m i n e  c o n t a i n i n g  n e u r o n s ,  de- 
p e n d i n g  on  t h e  c o n c e n t r a t i o n s  of  5 - H T  p r e s e n t  12. Th i s  
non-spec i f i c  u p t a k e  of 5 - H T  in to  c a t e c h o l a m i n e r g i c  te r -  
m i n a l s  is also i nd i ca t ed  b y  e x p e r i m e n t a l  s tud ie s  w i t h  iso- 
l a t ed  P~-f rac t ions  f r o m  h y p o t h a l a m u s  a n d  c o r p u s  s t r i a t u m  
of r a t s  13. To  w h a t  e x t e n t  t h e  dec rease  in s e r o t o n i n  accu-  
m u l a t i o n  b y  5 - O H - d o p a m i n e  a n d  d o p a m i n e  is d u e  to  dis-  
p l a c e m e n t  of  non- spec i f i ca l ly  a c c u m u l a t e d  s e r o t o n i n  f r o m  

t h e  c a t e c h o l a m i n e r g i c  t e r m i n a l s ,  a n d / o r  due  to  d iscplace-  
mer i t  of  s e r o t o n i n  f r o m  se r o ton ine r g i c  t e r m i n a l s ,  needs  fu r -  
t h e r  e luc ida t ion .  Ne ve r the l e s s ,  t h i s  p r o b l e m  s e e m s  m a i n l y  
to  be  a q u e s t i o n  of c o n c e n t r a t i o n s  b o t h  of t h e  c a t e c h o l a m i -  
nes  a n d  of t h e  i ndo l eamine .  

Zusammen[assung. 5 - O H - D o p a  u n d  5 - O H - D o p a m i n  sen-  
k e n  ill v ivo  d e n  S e r o t o n i n g e h a l t  u n d  v e r m i n d e r n  in v i t r o  
dos i sabhSmgig  die A u f n a h m e  v o n  8 H - S e r o t o n i n  i m  St r ia -  
t u r n  y o n  R a t t e n .  E s  k a n n  d a h e r  a n g e n o m m e n  werden ,  
da s s  5 - O H - D o p a m i n  in v ivo  f ibe rwiegend  eine Ve r d r ~n -  
g u n g  y o n  S e r o t o n i n  aus  den  s e r o t o n i n e r g e n  S p e i c h e r n  ver-  
u r s a c h t ,  w~Lhrend in v i t r o  zus/ t tz l ich eine V e r d r ~ n g u n g  v o n  
u n s p e z i f i s c h  in k a t e c h o l a m i n e r g e  S pe i che r  a u f g e n o m m e -  
n e m  S e r o t o n i n  a u f t r e t e n  k a n n .  
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T i s s u e  C u l t u r e  of  Nigella sativa I .  T h e  B e h a v i o u r  

T h e  s t a b i l i t y  of c h r o m o s o m e  n u m b e r  t h r o u g h o u t  a cul- 
t u r e  r e g i m e  of 31/2 y e a r s  in ca l lus  t i s sue  of  Nigella sativa is 
r e p o r t e d  here.  

Materials and methods. Cal lus  t i s sue  de r ived  f r o m  t h e  
s t e m  of NigeUa sativa (2n = 12) was  g r o w n  in m od i f i ed  to-  
bacco  m e d i u m  1 s u p p l e m e n t e d  w i t h  N A A  (0.05 rag/l)  a n d  
c o c o n u t  mi lk  15 % (v Iv). T h e  m e d i u m  w a s  sol idif ied w i t h  
0 .7% b a c t o  agar .  F r i a b l e  s t r a i n  w i t h  f a s t e r  g r o w t h  w a s  
selected a n d  t r a n s f e r r e d  to  t h e  l iqu id  m e d i u m .  T i s sue s  were  
g r o w n  in 250 ml.  E r l e n m e y e r  f lask  c o n t a i n i n g  25 m l  me-  

of  N u c l e u s  

d i u m  on  a g y r o - r o t a t o r y  s h a k e r  (60 r p m ) .  C h r o m o s o m e s  
were  s t a i n e d  w i t h  2% a c e t o c a r m i n e  d i r ec t ly  a f t e r  pre-  
t r e a t m e n t  for  3 0 m i n  in 0.0 01% colchic ine  s o l u t i o n  a t  14 ~ 
d u r i n g  the  m a x i m u m  divis ion.  

Results and discussion. T h e  m o s t  c o m m o n  o b s e r v a t i o n  
w a s  t h e  d i v e r g e n c y  in t h e  c h r o m o s o m a l  c o m p l e m e n t  in t he  

1 A. C. HILDEBRANDT, A. J. t~IKER and B. M. DUGGER, Am. J. Bot. 
33, 591 (1946). 

Percentage distribution of different ploidy cells at 6 month interval Imtal count 150-200 cells in each determinatiom 

Tissue n 2n 3n 4n 5n 6n 7n Aneuploid Cells with 
age in cells (includ- cytological 
months ing hypohap- irregulari- 

loid and higher ties �9 
than 7n cells 

1 6.10 2_ 1.86 78.09 :~ 3.23 -- 12.20 4- 2.55 -- 3.66 = 1.46 5.22~ 1.73 
6 7.18 2= 2.08 64.41 2= 3.87 1.31 :z 0.91 13.07 z- 2.72 -- 1.31 :~ 0.91 1.31 2_ 0.91 11.46 2= 2.57 9.48 :x 2.36 

12 2.76 :z 1.56 65.81 :a= 4.53 3.70 2= 1.89 7.41 2_ 2.52 2.78 a= 1.58 16.51 22 3.57 13.66:a= 3.30 
18 4.90 2:2.13 56.86 4- 4.90 7.84 ~ 2.66 10.78 :a= 3.07 -- 1.20 = 1.07 18.52 = 3.84 15.13=c 3.54 
24 8.51 2= 2.34 53.19 4- 4.20 6.38 x: 2.05 11,35 :a= 2.61 0.71 2_ 0.70 2.13 2= 1.21 3.55 2_ 1.55 14.18 z 2.93 15.24 2= 3.02 
30 10.05 T 2.24 41.89 4- 3.68 4.47 2= 1.53 18.99 2= 2.93 0.57 2= 0.56 -- 3.93 :x 1.45 20.10 22 2.99 22.98 T 3.14 
36 8.40 :a= 2.54 42.86 2= 4.53 7.56 = 2.42 13o45 :z 3.12 -- 1.68 2= 1.17 26.04 =- 3.45 17.13 2= 3.45 
42 5.33 :z 1.69 46.66b = 3.77 4.00 2= 1.48 14.67 2:2.67 -- 6.67 ~ 1.88 22.67b 22 3.16 20.624-3.05 

~Total percentage of cells with unequal separation of chromosomes, lagging chromosomes and bridges at anaphase and mieronuclei formation 
at telophase, bSignifieant at p < 0.001. 
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Photomicrographs of different ploidy 
cells of Nigella sativa at metaphase 
stage, a) Haploid (n =6)• 600; b) Te- 
traploid (4n = 24) • 600; c) Heptaploid 
(7n = 42) • 600. d) Aneuploid cell with 
26 chromosomes, • 600. e) Aneuploid 
cell with more than 7n chromosome 
number, • I) Metaphase plate 
showing double the usual nmnber of 
chromatids, • 415. 

cell popu la t ion  as r epor ted  earlier in o ther  mater ia ls  ~ 5. In  
the  p resen t  s tudy,  init ial ly 78% of cells were diploid, 
4% aneuploids  wi th  chromosome n u m b e r  ranging  f rom 4 
to abou t  96 per  cell. while the  res t  were e i ther  haploids  or 
t e t r ap lo ids  (Table and  Figure).  Af ter  abou t  42 m o n t h s  of 
cul ture the  percen tage  of diploid cells decreased to  47 
while t h a t  of aneuploids  increased to 23. The differences 
in b o t h  the  cases were h ighly  s ignif icant  (p < 0.001). 

Chromosomal  abnormal i t ies  such as lagging chromoso-  
mes,  unequa l  separa t ion  of chromosomes,  br idges  occur- 
red regular ly  and  the  f requency  of such ceils var ied be- 
tween  2.5 to 10%. F o r m a t i o n  of micronuclei  dur ing  telo- 
phase  var ied  be tween  2.9 to 11.5%. In  1.5 to  2% of cells, 
double  the  usual  n u m b e r  of ch romat ids  were observed  at  
m e t a p h a s e  stage (Figure f), suggest ing the  occurrence of 
endomi tos i s  in Nigella t issue cells. 

The he te rogen i ty  in ch romosome  n u m b e r  m a y  be con- 
s idered to  be due to  p re -ex t i s t ing  polyploid  nuclei  in the  
ini t ial  exp lan t ,  which  under  favorab le  env i ronmen ta l  con- 
di t ions  are capable  of undergoing  division.  The use of 
auxins  for in i t ia t ing  callus m a y  also br ing  abou t  division 
of such cells. The d ivergency  thus  induced  is fu r ther  en- 
hanced  by  t issue cul ture  method .  In  single cell cloned tis- 
sue where  p o l y s o m a t y  should no t  normal ly  occur, there  
was also a shif t  in t he  higher  p loidy levels and  aneuploids  
too 2, 6, v. This  suggests,  t h a t  pre-ex is t ing  polyplo id  nuclei 
in the  ini t ial  exp lan t  is no t  the  only  cause of ch romosomal  
var iabi l i ty .  The occurrence of polyploid  nuclei  m a y  also be 
due to  endomitos is ,  pe r s i s t en t  ch romosome  bridges t h rough  

te lophase  resul t ing in dumb-be l l  shaped nucleus, t h a t  ulti- 
ma te ly  form a single spherical  nucleus wi th  double  the  
n u m b e r  of chromosomes  and  nuclear  fusion in a mul t i -  
nucleate  cell s . 

In  t issue culture,  occurrence of aneuploid  cells was re- 
gularly observed,  b u t  in in vivo condi t ions  rarely,  poss ib ly  
due to  absence of sui table  milieu and  o p p o r t u n i t y  for cell 
divis ion 9. The aneuploid  cells m a y  possibly have  arisen 
f rom mi to t ic  aber ra t ions  descr ibed earlier. 

Hap lo id  and h y p h a p l o i d  ceils or iginated t h r o u g h  gra- 
dual  loss of ch romosomes  are general ly cons idered  non-  
viable.  However ,  the i r  occurrence in the  p resen t  s tudy,  
and also the  repor t  of WI~ITE 1~ indicates  t h a t  these  cells 
r emain  viable  a t  least  for a few cell divisions. 
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The change in ch romosomal  c o m p l e m e n t  of t issue cul- 
ture  cells occurs slowly or rap id ly  wi th  age s' ~, 11. In  Citrus 
frui t  tissue, cul ture  change  f rom essent ial ly  diploid cells 
to p r e d o m i n a n t l y  polyploid  cells was b rough t  abou t  wi th-  
in 6 months~.  Bu t  in the  p resen t  inves t iga t ion  th is  sh i f t  
in h igher  polyploids  and aneuploids  was b rough t  abou t  
wi th in  24 months .  

Zusammen/assung. In  Kal lusgewebekul tu ren  yon Ni- 
gella sativa n i m m t  mi t  der  Zeit der  Antei l  der  d ip lo iden 
Zellen ab, wXhrend sich die Antei le  yon aneupl iden,  yon  
2n abweichenden  Zellen ve rmehren .  

S. GUPTA 
Tissue Culture Laboratory, Bose Institute, 
Calcutta 9 (India), 9 August 7977. 

I n f l u e n c e  o f  N u t r i t i o n a l  F a c t o r s  o n  C h i c k  E p i d e r m a l  D i f f e r e n t i a t i o n  

Differen t ia t ion  of chick epidermis  in v i t ro  can be in- 
f luenced by  env i ronmen ta l  factors  such as the  nut r ients .  
Indeed,  5-6-day  chick embryo  skin kerat in izes  in a na tura l  
nu t r i t iona l  m e d i u m  (chick embryo  ex t r ac t  and  chicken 
plasma)  1, ~; i t  does no t  if ma in t a ined  wi th  a prote in-f ree  
chemical ly  def ined med ium s , which  is able to  suppor t  
d i f ferent ia t ion  of 12-day embryo  skin s. This  d i f ferent  be- 
hav ior  suggests  the  poss ib i l i ty  t h a t  embryo  ex t r ac t  and /or  
adul t  serum conta in  d i f fe ren t ia t ion  p romot ing  factor(s), 
which  is (are) no longer necessary  a t  12 incuba t ion  days.  

We have  therefore  examined  the  abi l i ty  of adu l t  serum, 
6-day and  12-day chick embryo  ex t rac t s  to suppor t  de- 
ve lopmen t  in v i t ro  of 6-day incuba t ion  skin and  the  re- 
la t ionship  be tween  kera t in iza t ion  and  cell division. To 
make  compar i son  wi th  these  processes in vivo, we have  
also s tudied  skin h i s tod i f fe ren t ia t ion  in situ. As a cr i ter ion 
of prol i fera t ion we took  the  n u m b e r  of mitosis  in the  epi- 
dermis ;  as the  cr i ter ia  of dif ferent ia t ion,  the  ep idermis  
s t ructure ,  the  presence  of b i re f r ingent  mater ia l  and  the  
presence  and d i s t r ibu t ion  of sulphidri ls  (SH)3 

Methods. For  s tudy ing  normal  d i f fe ren t ia t ion  in vivo, 
f r agment s  f rom the  th igh  regions of 6-, 8-, 10-, 12-day 
Whi t e  Leghorn  embryos  were used. E x p l a n t s  were der iv-  
ed f rom the  same regions of 6-day chick embryos .  Skin 
areas were r emoved  unde r  sterile condit ions,  r insed in 
Tyrode 's ,  careful ly dissected and  t h e n  placed in cul ture  

dishes on the  vi tel t ine membrane ,  according to WOLFF 4. 
We  carried out  5 sets of expe r imen t s  using the  following 
nu t r i t iona l  med ia :  12-day emb ry o  ex t rac t  and  chicken 
serum ( thereaf ter  EI~-4-CS ), 6-day embryo  ex t rac t  and 
chicken serum (E6+CS) ,  12-day embryo  ex t r ac t  (E12), 
6-day embryo  ex t r ac t  (E6) and chicken serum (CS) (see 
Table). Chick emb ry o  ex t rac t s  were p repa red  in our labo-  
ra tor ies  as follows: eyes r emoved  and discarded,  embryos  
pressed ou t  th rough  stainless steel  grid in s ter i l ized cy- 
l inder,  equal  vo lume of Tyrode ' s  added,  cent r i fuged and 
s u p e r n a t a n t  used. 

In  order  to  ascer ta in  the  impor t ance  of the  presence  of 
adul t  serum in nu t r i t iona l  med ium,  some cultures,  af ter  
24 and 48 h incuba t ion  in EI~-4-CS or E s-4-CS, have  been 
t r ans fe r red  to EI~ or E~. 

Cultures were incuba ted  at  37 ~ for more  t h a n  6 days. 
E v e r y  day, t issues were f ixed in Bo u i n ' s  fluid and rout ine  
histological  procedures  were followed. Serial sect ions 
(8-10 ~zm) s ta ined  wi th  hematoxy l in -eos in  were used for 
morphological  examina t ions  and th icker  sect ions (25 ~zm 
m o u n t e d  in 10% NaC1 solution) for s tudy ing  birefr ingence 
by  means  of a Lei tz  polar iz ing microscope.  SH groups were 
localized wi th  the  ferric Ierr icyanide m e t h o d  according to  
CHI~VREMONT and  FREDERIC 5, Mito t ic  counts  were per-  
fo rmed in ep idermal  layers along the  b a s e m e n t  membrane ,  
using an ocular micrometer .  

Fig. 1. 6-day skin explant after 6 days of incubation in E~ + AS. 
• 256. 
Fig. 2.6-day skin explant maintained in E12 for 6 day. • i25. 
Fig. 3.6-day skin culture after 4 days of incubation in CS; note the 
presence of a squamous layer. • 625. 
Fig. 4.6-day skin explant after 6 days in E12 nutritional medium to 
show the growth of the epidermis directly over the vitelline membrane 
(bottom) and the epidermal keratinization. • 125. 

Composition of nutritional media 

Media Gelose 12-day 6-day chicken Penicillin 
1% in embryo embryo serum (10 Oxford U) 
Gey fluid extract extract (Difco) in Tyrode's 

EI~ + CS 6 ~ 3 - 3 1 

E 6 + CS 6 - 3 3 1 

Eae 9 3 - - 1 

E 6 9 - 3 - 1 

CS 9 - - 3 1 

Number of drops. 
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