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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. 

l B. MISZURSKI, Arch. exp. Zellforsch. 20, 122 (1937). 
C. B. McLoUGHLIN, J. Embryol. exp. Morph. 9, 370 (1961). 
N. K. WESSELLS, Devel. Biol. 3, 355 (1961). 
E. WOLFF, Devel. Biol. 3, 767 (1961). 

5 A. G. E. PEARSE, Theoretical and Applied Histochemistry (J. Chur- 
chill, London 1968), vol. 1, p. 621. 
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Results. Epide rma l  dif ferent ia t ion in vivo.  Our results 
on normal  epidermal  h is todif ferent ia t ion closely agree wi th  
those of previous  reports  2, 3. The  cover ing ep i the l ium of 
the  6-day-old chick embryo  consists of 2 layers :  a basal  
layer  of co lumnar  ceils and a superficial  layer of f la t tened  
cells. The  basal  layer  rests on a basement  membrane .  The  
under lying mesenchyme is loose; mesenchymal  cells are 
packed near  the  basemen t  membrane ,  As deve lopment  
proceeds, mi to t ic  ra te  increases so the  three- layered con- 
di t ion is a t ta ined  a t  11-12 days (basal layer, in te rmedia te  
layer,  periderm, Figure  5). Birefr ingent  mater ia l  is detect-  
able in the  per iderm at  12 days. S H  groups react ion is 
weakly  posi t ive  only in the  per iderm region. 

Ep ide rma l  different ia t ion in vi t ro.  EI~ + C S .  In  the  ex- 
plants  main ta ined  in th is  nu t r i t iona l  medium,  epidermis  
kerat inizes wi th in  5-6 days of incubat ion.  After  48 h, the  
epidermis still  consists of 2 layers. By  the  3 rd-4 th  day  a 
squamous  layer  appears,  per iderm thickens and a subperi-  
dermal  layer  becomes present.  By  the  5 th -6 th  day  kera t in  
makes  its appearance  in the  subper idermal  region;  the  
per iderm is still  re ta ined  (Figure 1). A weak react ion for 
SH groups is observed in the  per iderm af ter  3 days of cul- 
ture.  As incubat ion  proceeds, react ion is s t rongly posi t ive  
and is de tec table  also in the  squamous  layer.  13irifringence 
is clearly detec table  in the  per iderm and subper iderm re- 
gion after  6 days. 

E 6 + C S .  Cultures supplemented  wi th  this  nu t r i en t  ex- 
h ibi t  a behav iour  ve ry  similar  to  t h a t  described above.  
E~ .  After  2 days of cul ture  in EI~ nut r i t ional  medium,  skin 
explants  show a two- layered  epidermis,  Mitoses are fre- 
quen t  (Figure 5). By  5-6 days  the  layers are 3 to 4, peri-  
de rm is evident ,  the  squamous  layer  is absent  (Figure 2). 
Per iderm exhib i t  a weak r eac t iv i ty  for SH groups and a 
birefringence. E 6. The  findings are analogous to t h a t  desc- 
r ibed for E~2 supplemented  cultures. 

CS. As the  EI~ ~-CS and E~ + C S  main ta ined  cultures,  
the  explants  supplemented  wi th  this  med ium undergo 
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Fig. 5. Number of mitosis mm: a) in the developing chick embryo 
epidermis; b) in the 6-day explanted epidermis for the indicated days 
of incubation. 

kera t in iza t ion  wi th in  6 days. By  the  3rd day, the  epider- 
mis consists of 3 layers ; a squamous  layer  begins to appear  
af ter  4 days  (Figure 3). Per iderm and subper iderm show 
a posi t ive  react ion for S t I  groups after  3 days. By  the  5th 
day subperiderm, being kerat inized,  s trongly stains, while 
squamous  layer  is weakly  react ive.  By  5-6 days a birifr in- 
gent  mater ia l  is detectable.  

Skin explan ts  main ta ined  in E ] ~ + C S  (or E 6 + C S  ) for 
24 or 48 h and then  t ransferred in E12 (or E6) fail to kera-  
tinize. Af ter  6 days, the  epidermis is hea l thy  and consists 
of 3 epi thel ia l  layers. 

F i n a l l y  we call a t t en t ion  to a character is t ic  behav iour  
of the  epidermis  in culture.  Af te r  2-3 days, epidermis  
overgrows more than  the  under ly ing mesenchyme so as to 
become sited direct ly  over  the  vi te l l ine membrane.  In  this  
condition,  epidermis  undergoes kera t in iza t ion wha teve r  
nut r i t iona l  med ium is adminis t ra ted  (Figure 4). 

Discussion. 6-day chick embryo  skin if main ta ined  in a 
sui table nu t r i t iona l  m e d i u m  kerat inizes in v i t ro  faster  
t han  in v ivo ;  i t  is therefore a self-differentiat ing system. 
Epidermis  when grown direct ly  over  the  vi tel l ine mem-  
brane kerat inizes regardless of the  cul ture media  em- 
ployed.  Ep ide rmis  in contac t  wi th  mesenchyme develops 
in different  ways according to nut r ients ;  i t  undergoes 
dif ferent ia t ion if main ta ined  wi th  adul t  serum conta in ing 
media,  i t  does not  in adul t  serum lacking media,  These 
findings toge ther  wi th  previous observat ions (abili ty of 
isolated 1 or  combined wi th  frozen-kil led 6 epidermis to  
d i f fe ren t ia te  when cul tured in na tura l  nut r ients  and its 
inabi l i ty  if main ta ined  in protein-free med ium 7) demon-  
s t ra te  t h a t  a) epidermis possesses the  complete  equ ipmen t  
for kera t in iza t ion  ; b) macromolecular  fractions, conta ined  
bo th  in 6-, 12-day embryo  ext rac ts  and chicken serum, 
are necessary to evoke epidermal  differentiat ione,7;  c) 
mesenchyme controls epidermal  dif ferent ia t ion;  d) me- 
senchymal  control  is re la ted to nut r i t iona l  factors and 
then  to cell act ivi t ies .  Moreover,  the  fact  t ha t  in the  same 
n u t r i e n t s  (serum lacking media) isolated epidermis (e.g., 
sited di rec t ly  over  the  vi te l l ine membrane)  is able to kera-  
tinize, while epidermis rest ing over  mesenchyme is unable,  
indicates  t h a t  mesenchyme exerts  an inhibi tory  effect, 
which is r emoved  by  a substance present  in adul t  serum. 
This  fac tor  needs to be supplied for a certain t ime  (cul- 
tures t ransferred af ter  48 h in medium lacking chicken 
serum fail  to keratinize).  Therefore,  the  previous ly  ob- 
served abi l i ty  of na tu ra l  nut r ients  to support  ep idermal  
d i f ferent ia t ion 1, 2 is to be referred to adul t  serunl factors(s). 

As concerns the  re la t ionship be tween ceil division and 
different iat ion,  these processes, at  least  in v~tro, are no t  
closely re la ted ;  mi to t ic  frequence exhibits  the  same pa t -  
tern, whe ther  epidermis kerat inizes or not  (Figure 5)s. 

On the  basis of the  present  results and the  avai lable  
da ta  9-n, we suggest  t h a t  mesenchyme acts on ep i the l ium 
th rough  2 different  mechanisms.  First ,  mesenchyme sti- 
mulates  epithelial  mi to t ic  ac t iv i ty ;  this act ion is unspe- 
cific and widespread as demons t ra ted  by epidermis-he-  
te ro topic  mesenchymes  recombinat ions  11,12: Second, me-  
senchyme specifically acts upon epithelial  differentiat ion.  

s j .  W. I)ODSON, J. Embryol. exp. Morph. 17, 83 (1967). 
N. K. WESSELLS, Proe. hath. Acad. Sci., USA 52, 242 (1964). 

s N. K. WESSELLS, Expl. Cell Res. 30, 36 (1963). 
9 S. ROTHBERG and T. M. EI~EL, Nature, Lond. 216, 1352 (1967). 

10 S. ROTHBERG and T. M. EKEL, Nature, Lond. 329, 341 (1971). 
11 C. B. McLoUGHLIS, J. Embryoh exp. Morph. 9, 385 (1961). 
12 N. K. WESSELLS, Devel. Biol. 4, 87 (1962). 
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Thi s  a c t i v i t y  is d e p e n d e n t  u p o n  cell m e t a b o l i s m  a n d  act i -  
v a t e d  b y  e n v i r o n m e n t a l  fac tors  13. 

Riassunto. E ' s t a t a  e s a m i n a t a  l ' az ione  di e s t r a t t i  em- 
b r iona l i  di  6 e 12 giorni  e del siero di pollo sul d i f ferenzia-  
m e n t o  in  v i t r o  di  ep ide rmide  di  6 giorni  di  incubaz ione .  I 

13 These studies were. supported in part by italian CNR grants No. 
69.02110 and No. 70.01069.04. 

r i s u l t a t i  o t t e n u t i  h a n n o  permesso  di prec isare  a lcun i  as- 
p e t t i  del r a p p o r t o  ep i t e l i o -mes en ch i ma  nel  corso del  dif- 
f e r e n z i a m e n t o  del la  cute .  

P. CARINCI a n d  L. SIMONELLI 

Istituto di Istologia ed Embriologia generale dell' Universita, 
Via del Giochetto, 1-06700 Perugia (Italy) ; and 
Istituto di Istologia ed Embriologia generale, 
Via Belmeloro 8, 1-40726 Bologna (Italy), 
3 September 7977. 

Synaptonemal Complexes  in the Ovaries of Galleria mellonella 

The  m u l t i p l i c a t i o n  of t he  oogonia l  cells - cy tob l a s t s  - 
in  insec ts  ovar ies  (according to  t he  t e rmino logy  of KOCH 
et  al.1) t akes  place d u r i n g  t he  course  of t he  l a rva l  life. 
The  nuc lea r  even t s  in  t he  o v a r y  which  follow th i s  per iod  
are :  1. po lyp lo id iza t ion  of t he  cells wh ich  become  t ro-  
p h o c y t e s  a n d  2. onse t  of meio t ic  p r o p h a s e  of those  wh ich  
are b e c o m i n g  oocytes.  I n  Drosophila these  d i f f e r en t i a t i on  
processes  beg in  d u r i n g  t he  p u p a l  s tage  a n d  con t inue  
t h r o u g h o u t  t he  adu l t  life 1 I n  Lep idop te ra ,  accord ing  to 
DEPDOLLA 2 t he  oogonial  cell d iv is ions  las t  u n t i l  t h e  4 t h  
l a rva l  s tage.  The  n u m b e r  of l a rva l  stages,  however ,  is 

n o t  f ixed tor  th i s  group.  I t  va r ies  in  d i f fe ren t  species 
depend ing  on  t h e  e n v i r o n m e n t a l  condi t ions .  I n  Galleria 
mellonella t h e  cyto logica l  o b s e r v a t i o n  of t h e  o v a r y  f rom 
sp inn ing  l a rvae  t a k e n  f rom t h e  cocoon ind ica t e  t h a t  t h e  
process  of oocyte  d i f fe ren t ia t ion ,  n a m e l y  meiosis,  m a y  
s t a r t  p r io r  to  pupa t i on .  I n  such  ovaries ,  t h e  nucle i  w i t h  
s y n a p t o n e m a l  complexes  m a y  be  found.  

Material and methods. The  l a r v a l  ovar ies  were f ixed in 
2% g lu t a ra ldehyde ,  p H  7.3 buf fe red  w i t h  Na-cacodyla te ,  
an d  pos t f ixed,  a l t e r  washing ,  w i t h  1% o s m i u m  te t rox ide .  
E p o n  e m b e d d e d  m a t e r i a l  was  sec t ioned  on  Re i che r t  

Fig. 2. Ovary of a spinning larva of G. mellonella. Another example of 
a synaptonenlal complex in ooeyte nucleus. 

Fig. 1. Ovary of a spinning larva of G. melloneUa. Fragment of an 
ooeyte nucleus with synaptonemal complexes. 

1 E. A. KocH, P. A. SMITH and R. C. KING, J. Morph. 121, 55 (1967). 
Ph. DEPDOLLA, in Handbuch der Entomologie (Ed. Ch. SCHRODER, 
Jena 1928). 


