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P r o t e i n  c o n t e n t  was d e t e r m i n e d  b y  t he  m e t h o d  of 
LowRY 9. D N A  a n d  R N A  c o n t e n t  were d e t e r m i n e d  b y  t h e  
m e t h o d s  of LEVY et  al. 1~ BURTON 11 and  DISCHE 12. 
R a d i o a c t i v i t y  was a s sayed  e i the r  b y  us ing  a d ioxane  
based  l iquid sc in t i l l a t ion  cockta iN 3, or w i t h  t o luene  
con ta in ing  l iquifluor,  a f t e r  solubi l iz ing the  samples  w i t h  
NCS. 

Results and discussion. T he  nuc lea r  associa ted  recep to r  
of D-~-tocopherol  can  be  r ende red  soluble  b y  e x t r a c t i o n  of 
h igh ly  pur i f ied  r a t  l iver  nuclei  w i t h  a buf fer  c o n t a i n i n g  
h i g h  c o n c e n t r a t i o n s  of sod ium choride.  W i t h  increas ing  
concen t r a t i ons  of sod ium chlor ide  in the  buffer ,  corre- 
spond ing ly  h igher  a m o u n t s  of r a d i o a c t i v i t y  were ex t r ac t -  
ed. I t  was also obse rved  t h a t  an  increase  in t he  solubi l iza-  
*ion of t he  r a d i o a c t i v i t y  was associa ted  w i t h  a s imul t a -  
neous  p r o p o r t i o n a l  increase  in t he  so lub i l iza t ion  of 
p ro te in ,  D N A  a n d  RNA.  More t h a n  70% of t he  t o t a l  
r a d i o a c t i v i t y  could be  e x t r a c t e d  b y  ra i s ing  t he  sa l t  
c o n c e n t r a t i o n  u p  to 2.0 M.  

I n  order  to  e x a m i n e  t h e  phys ica l  n a t u r e  of t he  toco-  
phero l  e x t r a c t e d  b y  h i g h  sa l t  solut ion,  the  solubi l ized 
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Fractionation of the tom nuclear extract on Sephadex G-200. Rats 
were injected with aH-D-c~-tocopherol (25 [xCi; 3.7 Ci/inmole) for 3 h. 

nuc lea r  e x t r a c t  (0.6 M NaC1) was  f r a c t i o n a t e d  on  a 
S e p h a d e x  G-200 co lumn.  As s h o w n  in t he  Figure ,  all of 
t he  r a d i o a c t i v i t y  were e lu ted  in t h e  vo id  vo lume  of the  
co lumn  a n d  t he  label led  v i t a m i n  was associa ted  w i th  
pro te in ,  D N A  and  RNA.  A l t h o u g h  severa l  o the r  p ro t e in  
species were e lu ted  a f te r  t he  vo id  vo lume,  no  r a d i o a c t i v i t y  
was  assoc ia ted  w i t h  a n y  one of t h e m .  T h u s  t h e  r ecep to r  
of th i s  v i t a m i n  is assoc ia ted  w i t h  a nuc leopro te in  complex  
of h i g h  molecu la r  weight .  

The  r a d i o a c t i v i t y  assoc ia ted  w i t h  t he  pur i f ied  nuclei,  
as well  as in t he  nuc l eopro te in  compelx ,  was e x t r a c t e d  
w i t h  e t h a n o l  a n d  sub j ec t ed  to t h i n  layer  c h r o m a t o g r a p h y  
(TLC) on  silica gel G us ing  b e n z e n e : m e t h a n o l ,  98:2 ,  as 
t he  mobi le  phase.  The  e t h a n o l  soluble  r a d i o a c t i v i t y  
recovered  f rom TLC a p p e a r e d  in t he  zone co r respond ing  
to  s t a n d a r d  ~-tocopherol ,  showing  t h a t  t he  r a d i o a c t i v i t y  
r ep resen ted  u n m e t a b o l i z e d  e- tocopherol .  

Summary. W h e n  I)-~- tocopherol  is a d m i n i s t e r e d  i.v. 
to  v i t a m i n  E di f ic ient  ra ts ,  s ign i f ican t  a m o u n t s  of th i s  
v i t a m i n  are b o u n d  to a nuc l eopro te in  complex  in hepa t i c  
nuclei,  a n d  t h i s  complex  can  be solubi l ized b y  h i g h  con- 
c e n t r a t i o n s  of sod ium chlor ide  (0.6 M).  The  b o u n d  v i t a -  
m in  in th i s  complex,  e x t r a c t a b l e  b y  e thanol ,  was found  
to be  iden t ica l  w i t h  a u t h e n t i c  ~- tocopherol  b y  t h i n  layer  
c h r o m a t o g r a p h y .  
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I t  has  b e e n  e s t ab l i shed  t h a t  c rude  ex t r ac t s  of ep idermis  
p roduce  '~wo t issue-specif ic  responses  w h e n  in jec ted  in to  
mice. These  are  a de layed  i n h i b i t i o n  of 3H - t hymid ine  
i nco rpo ra t i on  in to  ep ide rma l  D N A  and  a r ap id  r e d u c t i o n  
ill t h e  n u m b e r  of ep ide rma l  cells en t e r i ng  M-phase  
(mitosis) 1-% Thi s  difference in t he  t i m i n g  of these  two 
responses  ha s  led, in t h e  absence  of s u b s t a n t i a l  cell 
k ine t ic  d a t a  , to t he  a s s u m p t i o n  t h a t  Chalones are cell 
cycle phase-speci f ic  a n d  t h a t  t h e  i n h i b i t o r  of D N A  
syn thes i s  in  these  e x t r a c t s  ac ts  b y  b locking  t he  in f lux  
in to  S-phase  a t  some p o i n t  d u r i n g  the  Gl -phase  5, 8, while  
t he  i nh ib i t o r  of mi tos is  ac ts  in  t he  G2-phase. However ,  
t he  t ime  lag in a H - t h y m i d i n e  incorpora t ion ,  m a y  well  re- 
p r e sen t  c o m p e t i t i o n  b e t w e e n  a s h o r t - t e r m  s t i m u l a t o r  ~ 
a n d  a s lower-ac t ing  i n h i b i t o r  of D N A  syn thes i s ,  or i t  m a y  
ref lect  an  insens i t i re  a s say  sys tem.  

F r o m  an  e t h a n o l - f r a c t i o n a t e d  skin  e x t r a c t  a n  i n h i b i t o r  
of ep ide rma l  D N A  syn thes i s  (G 1 chalone)  ha s  been  
pur i f ied  50,000-fold a l t h o u g h  i t  is no t  ye t  homogeneous% 
Previous ly ,  a s imi lar  e t h a n o l  f r ac t ion  yielded a n  i n h i b i t o r  

of mi tos i s  (G 2 chalone) wh ich  ha s  been  pur i f ied  2,000 
t imes  s. Chemica l ly  these  a p p e a r  to  be  two d i f fe rent  
subs t ances  6,s b u t  n e i t h e r  has  been  t e s t ed  aga ins t  o the r  
phases  of the  cell cycle. A p r e l i m i n a r y  analys is  of t he  
specif ici ty  of cha lone  ac t ion  w i t h i n  t he  cell cycle is re- 
p o r t e d  here.  The  effect  of t he  e t h a n o l  skin f rac t ion  (con- 
t a i n i n g  b o t h  chalones)  was  c o m p a r e d  w i t h  t he  effect  of 
t he  pur i f ied  G 2 cha lone  on  D N A  syn thes i s  and  mi tos is  in 
mouse  ep idermis  in vivo.  
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Table I. aH-thymidine incorporation by epidermal cells 21]2 and 6 h after injection of skin extracts 

1025 

10 Mice in each group 21[~ h after 1st injection 6 h after 1st injection 

dpm/mg Epidermis 
(Mean =E SE) 

Depression 
(%) 

dpm/mg Epidermis 
(Mean • SE) 

Depression 
(%) 

Control 6900 ~_ 500 
Ethanol fraction 6670 i 390 
G 2 chalone 8030 -c 590 

3 
0 

81.00~620 
4750~_450 41a 
8640~-550 0 

~p <~ 0.01. 

Methods. Lyophi t ized  e thanol  f ract ion 9 (70-80% 
prec ip i ta te  of pig skin ext rac t ,  55% prote in ,  4% RNA) 
was dissolved in dist i l led wa te r  and dialyzed agains t  
dist i l led wa te r  for 48 h a t  5 ~ The supe rna tan t ,  following 
cen t r i fuga t ion  at  50,000 g (O~ ~/2 h) to remove  a fine 
sediment ,  was the  t e s t  mater ia l .  E lec t rophore t ica l ly  
purified, lyophil ized G 2 chalone 9 was dissolved in dist i l led 
water .  A t  07.30 h the  e thanol  f ract ion (80 ~zg/g body  
weight)  was in jec ted  s.c. into 20 male Swiss S mice which  
were 31/2 mon ths  old and had  been previous ly  housed  5 
per  box  for 1 m o n t h  under  cons t an t  t e m p e r a t u r e  and  
l ight ing condit ions.  At  the  same t ime G~ chalone (1.2 ~g/g 
b o d y  weight)  was in jec ted  into 20 mice and saline in to  
20 control  mice. At  09.30 h 10 mice t rom each group 
received an inject ion of me thy l  aH- thymid ine  (2.5 aCi/g 
body  weight ,  specific ac t iv i ty  5 Ci/mmol, Radiochemica l  
Centre,  Amersham,  England)  and were killed a t  10.10 h. 
The remaining  10 mice in each group received a fu r ther  
dose of e thanol  fraction,  G 2 chalone or saline a t  10.30 h, 
aH- thymidine  a t  13.00 h, and were killed a t  13.40 h. 
The ears were rapidly  depi la ted  with l m m a c  (Anne French,  
N.Y.) before removal  and s torage on ice. Two 5 m m  pun-  
ches were taken  f rom bo th  ears of each animal  and brief ly 
immersed  in an ice-cold solut ion of 1.2 M NaBr  and 10 a 
E D T A  (pH 7.0). The epidermis  was then  removed  as a 
sheet  f rom the  dermis  using fine forceps and a dissect ing 
microscope.  Sebaceous glands and hair  follicle cells were 
no t  r emoved  wi th  the  epidermis  dur ing the  process so 
t h a t  t issue specifici ty of the  tes t  was ensured.  (This check 
on t issue specifici ty has no t  been a feature  of previous ly  
descr ibed epidermal  chalone assay systems).  The epi- 
dermal  sheet  was placed on a glass f ibre disc of pre-  
de t e rmined  weight ,  washed  twice wi th  ice-cold 0.4 N 
and 0.2 N perchlor ic  acid, and twice wi th  e thanol  and  
ether,  and then  oven-dr ied  overnight .  The weights  of 
the  ep idermal  samples  were de te rmined  to the  neares t  
2 F.g and  the  samples  placed in 1 ml Soluene (Packard  & 
Co. Inc.).  Count ing was done in a Packa rd  Tri-Carb 
Liquid  Scint i l la t ion Spec t romete r  and the  results  ex- 

pressed as decays per  m i n / mg  dry  weigh t  of epidermis.  
The small  in tes t ine  formed a nonspecif ic  t a rge t  t issue to 
tes t  for non-specif ic  inhib i tors  or cy to tox ic i ty  of the  t e s t  
substances .  Por t ion  of the  d u o d e n u m  was r emoved  f rom 
the  animals,  washed  well in saline and homogenized  in 
4.0 ml  dist i l led water .  0.2 ml  concen t r a t ed  perchloric  acid 
was added  and the  samples  placed on ice for 30 min.  
The a m o u n t  of 8H- thymidine  incorpora ted  in to  D N A  
was then  e s t ima ted  employing  the  m e t h o d  descr ibed by  
MARKS 6, who has examined  a similar  e thanol  f ract ion 
for non-specif ic  inhibi tors  of DNA synthesis .  

The por t ion  of t issue separa t ing  the  two p u n c h  holes 
in each ear was f ixed in alcoholic Bouin, sect ioned a t  
3 ~zm and p repared  for au to rad iography .  The labell ing 
index  in each of the  120 samples  was de t e rmined  by  
count ing  the  n u m b e r  of aH- thymid ine  labelled ceils per  
1.0 m m  length  of epidermis.  In  th is  way  an es t ima te  of 
aH- thymid ine  incorpora t ion  and  labelling index was 
ob ta ined  f rom the  same area of ear epidermis .  

At  11.30 h 10 mice were in jec ted  wi th  e thanol  fract ion,  
10 with G 2 chalone and  10 with saline. E a c h  animal  t h e n  
received 4 ~g/g body  weight  colcemid and was left 
und i s tu rbed  unti l  sacrifice a t  15.30 h. Samples  of epi- 
dermis  f rom the  left  and r igh t  ears of these  30 animals  
were sect ioned at  7 ~nl and the  n u mb er  of a r res ted  meta -  
phase  plates  per  10 m m  length  of epidermis  (mitot ic  
index) was counted.  

Results and discussion. F r o m  the  results  summar i zed  
in Tables l and II  it  is ev iden t  t h a t  the  e thanol  f rac t ion 
con ta ined  a factor  which caused a 41% decrease in the  
a m o u n t  of aH- thymid ine  incorpora ted  into ep idermal  
DNA. This depress ion appa ren t l y  took effect  somewhere  
be tween  the  first  and second sampl ing  t imes :  t h a t  is, 
21/2 to 6 h af ter  the  initial  inject ion.  Concomi tan t ly ,  there  
was a 33~ reduc t ion  in the  n u m b e r  of cells labelled in 
au toradiographs .  This  combined  effect  m a y  have  been  

9 Donated by N.V. Organon, Oss, Holland. 

Table II. Epidermal labelling index 21{2 and 6 h after injection of skin extracts 

Same animals as in "Fable I 21/2 h after 1st injection 6 h after lstinjection 

No. labelled ceils Depression 
(Mean • SE) (%) 

No. labelled cells 
(Mean ~ SE) 

Depression 
(%) 

Control 38.4 -L 1.2 
Ethanol fraction 37.9 ~_ 0.65 
G 2 chalone 38.4 • 1.5 

42.1 • 1.6 
26.7 ~ O.90 
39.3 • 0.96 

33~ 
7 

�9 p < O.Ol. 
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Table III. Epidermal mitotic index 4 h after injection of skin extracts 

10 Mice in each group Mitotic index Depression (%) 
(Mean ~ SE) 

Control 11.25 • 0.63 
Ethanol fraction 5.50 ~- 0.20 51 �9 
G 2 chalone 6.10 ~ 0.33 46 �9 

caused by  the  inhib i tor  of DNA synthes is  (G1 chalone) 
which  MARKS 6 has isolated f rom this  e thanol  fract ion.  
The purif ied G e chalone reduced ne i ther  the  a m o u n t  of 
incorpora ted  8H- thymidine  nor  the  labell ing index, 
whi ls t  exhib i t ing  a powerful  inh ib i tory  effect  on ep idermal  
ceils f lowing in to  M-phase  (Tables I, I I  and  I I I ) .  A 
repea t  of th is  expe r imen t  assaying G 2 chalone a t  11/2 and  
4 h af ter  a single dose (1.2 ~zg/g body  weight)  revealed 
ne i ther  an early, t r ans i en t  inhibi t ion of 3H- thymidine  
incorpora t ion ,  nor  a change  in labelling index.  

The poss ibi l i ty  of the  G 2 chalone hav ing  a s t rong 
inh ib i to ry  effect  on the  flow of cells into S-phase,  or on 
epidermal  cells engaged in genome replication,  can be 
t e n t a t i v e l y  dismissed.  The purif ied G z chalone is thus  
phase-specif ic  in its inh ib i to ry  action. I t  has  a l ready  been 
d e m o n s t r a t e d  t h a t  th is  inhibi tor  is t issue-specific,  
species nonspecif ic  and t h a t  i t  inhibi ts  mitosis  revers ib ly  
in vivo and  in v i t ro  ~0, n.  

The results  in Tables I I  and I I I  show clearly t h a t  the  
e thanol  f ract ion conta ined  also the  G 2 inh ib i to ry  factor  

and  thus  depressed D N A  synthes i s  as well as mitosis.  
MARKS 6 has  a l ready  shown  t h a t  th is  e thanol  f rac t ion  is 
free of non-specif ic  inhib i tors  of DNA synthesis .  Like- 
wise, the  incorpora t ion  of aH- thymid ine  by  in tes t ina l  
cells was no t  affected dur ing  the  expe r imen t s  descr ibed 
here. 

Thus  it can be concluded t h a t  t he  ep idermal  G 2 
chalone inhibi ts  only  the  flow of cells into M-phase.  The 
puri f ied G~ chalone has  ye t  to be ana lyzed  to es tabl ish  
i ts  exac t  po in t  of ac t ion in the  cell cycle. This knowledge is 
essent ia l  if the  mechan i sm of chalone regula t ion of ceil 
prol i fera t ion  is to  be unders tood .  

Summary. Pur i f i ed  epidermal  G2 chalone does no t  
inh ib i t  D N A  synthes is  or influx of S-phase cells and  is 
therefore  cell cycle phase-specif ic ,  inhib i t ing  only  the  
flow of cells into M-phase.  
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Cells t h r o u g h o u t  the  cent ra l  region of the  adu l t  ver-  The frog lens ep i the l ium exhibi t s  a Circannual p a t t e r n  of 
t eb ra t e  lens ep i the l ium are normal ly  quiescent  re la t ive  
to mitosis  2, a. However  t h e y  can be t r iggered to divide  as 
a resul t  of mechanicaD,  5 or chemical  6.s insul t  or by  
exposure  of the  cul tured lens to se rum 9 or insulin ~~ 
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Fig. 1. Seasonal variation in proliferative activity in toadfish lens 
epithelium. Animals were killed periodically, as indicated, and lens 
epithelium wholemounts were scored for mitosis. Mean values for 
total division figures per lens preparation are plotted. Highest and 
lowest scores per interval are shown. Each point represents data 
from at least 6 lenses. Note the increase in mitosis from May to 
August. 

mi tosis  t h a t  may  be under  t he rmoendoc r ine  controll2,  z3. 
In  order  to show t h a t  the  seasonal  p a t t e r n  of mi tos is  as 
documen ted  in the  a m p h i b i a n  lens is of general  occurrence 
it will have  to be d e m o n s t r a t e d  in several  species. In  this  
s t u d y  we 1. character ize  the  p a t t e r n  of mitosis in the  
toadf i sh  lens, 2. explore seasonal  v a r i a t i o n  in t h a t  pa t t e rn ,  
and  3. de te rmine  the  effect  of needle in jury  on the  p a t t e r n  
of D N A  synthes is  and cell division in the lent icular  
epi thel ium.  
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