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also s tudied .  In  the  s econda ry  cu l tu res  t he  g r ea t e s t  H 3- 
u r id ine  u p t a k e  occurred  in the  f i rs t  d a y  cells, b e c o m i n g  
progress ive ly  less p r o n o u n c e d  t h r o u g h  t h e  second a n d  
t h i r d  days.  This  e v e n t  m a y  be  assoc ia ted  w i t h  g r a d u a l  
n u t r i e n t  def ic iency or  ove rg rowth .  P r i m a r y  cu l tu re s  
showed  ve ry  l i t t le  c h a n g e  ill u p t a k e  f rom d a y  to  day .  

Au to rad iog raph ic  ana lyses  w i t h  HS-pyr imid ines  re- 
vea led  t h a t  t he  n u m b e r  of cells c o n t a i n i n g  H 3 g ra ins  cor- 
r e sponded  to  exposure  t i m e  a n d  was m u c h  g r e a t e r  in  t he  
s econda ry  cell cul tures .  A d d i t i o n  of H3-ur id ine  r e su l t ed  in 
s i lver  gra ins  in  a l m o s t  al l  cells, a p p e a r i n g  in  15 ra in  in  t h e  
nuclei  a n d  g radua l l y  b e c o m i n g  e v i d e n t  in  t h e  per inuc te i  
a n d  t he  cy top la smic  a reas  of  t h e  ceils. T h i s  ev idence  
agrees  w i th  t h e  genera l  v iew s t h a t  t h e  m a j o r  s i te  of R N A  
syn thes i s  in  t h e  cells is in  t h e  nucleus .  H * - t h y m i d i n e  is 
ex tens ive ly  i n c o r p o r a t e d  i n t o  t h e  nuclei .  

The  e l eva t ion  of HS-ur idine  a n d  H 3 - t h y m i d i n e  incor-  
po ra t i on  in to  second gene ra t i on  cells is n o t  d e a r l y  u n d e r -  
s tood,  b u t  i t  is a s soc ia t ed  w i t h  d i s t i n c t l y  d i f fe ren t  cell 
sizes be tween  p r i m a r y  a n d  s e c o n d a r y  cu l tures .  W e  h a v e  
twice  successful ly  t r a n s f e r r e d  aor t i c  i n t i m a l  cell cu l tu res  
t h r o u g h  the  18 th  genera t ion .  These  t r a n s f e r r e d  cells are  
m u c h  la rger  t h a n  f i r s t  g e n e r a t i o n  cells a n d  s o m e w h a t  

larger  t h a n  second  g e n e r a t i o n  cells (Table) .  T h e  large cells 
a p p e a r i n g  in second a n d  succeed ing  gene ra t i ons  p robab ly  
ref lect  se lec t ion or  o t h e r  m e c h a n i s m s  9 of cel lular  reac t ion  
t h a t  are p o p u l a t i o n - d e p e n d e n t  a n d  a p p l y  to  t h i s  par t icu-  
l a r  cu l t u r e  e n v i r o n m e n t .  How t h e  m e c h a n i s m  is accom- 
p l i shed  requi res  f u r t h e r  s tudy .  

T h e  d a t a  o b t a i n e d  here  d e m o n s t r a t e  a reproducib le  
m e t h o d  for  e x a m i n i n g  p y r i m i d i n e  i n c o r p o r a t i o n  into 
ch i ck  ao r t i c  cells. Ana lyses  of o t h e r  ce l lu lar  me tabo l i c  
ac t iv i t i e s  a p p e a r  m o s t  p r o m i s i n g  a n d  will  be  p u r s u e d  wi th  
t h i s  t y p e  of q u a n t i t a t i v e  t echn ique ,  us ing  a sma l l  a m o u n t  
of cells w i t h  l abe led  p recurso r s  1°. 

Zusammen]assung. Zetlen de r  K i i c k e n a o l t a  zcigten,  
dass  de r  E i n b a u  yon  H 3 - b e h a n d e l t e m  U r i d i n  oder  T h y m i -  
d in  in  l i nea rem V e r h ~ l t n i s  zur  Z e i t d a u e r  de r  Stoffeinwir-  
k u n g  s t and .  SekundAre,  ebenso  alte we i t e r en  Ze l lku l tu ren  
e r g a b e n  m a r k a n t e  Z u n a h m e  de r  l i nea ren  P y r i m i d i n -  
a u f n a h m e ,  e ine I n k o r p o r a t i o n ,  die m i t  z u n e h m e n d e r  
Zellgr6sse und  h S h e r e m  Stoffwechsel  zusammenh~ing t .  

K.  MURATA 11, J .  J .  QUILLIGAN JR., 
a n d  L. M. MORRISON 

Relation of cell size* and culture passage 

Generation Diameter b (/,) Generation Diameter (/~) 

Loma Linda University School o/Medicine, Department o] 
Medicine and Virus Laboratory, Los Angeles (California) 
and Los Angeles County General Hospital ( Cali[ornia USA ), 
June 8, 1965. 

1 10.47 ::Jz 1.t0 9 19.21 4- 4.50 
2 15.77 :I: 1.32 11 20.00 4- 4.83 
3 16.37 ~ 1.84 13 20.31 4- 4.10 
6 16.60 4- 1.10 15 19.22 4- 3.43 
7 17.68 ~ 2.47 17 22.34 4- 5.42 

Measurements were made of the essentially spherical trypsinized 
cells, b Mean and standard deviation of cell diameters of first to 
third day-old cultures of each generation. More than 600 ceils per 
determination. 
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G l u c o s e - 6 - p h o s p h a t e  D e h y d r o g e n a s e  A c t i v i t y  in 
the O v a r i e s  of Scornber scomber  L. 

The  exis tence  of t he  hexose  m o n o p h o s p h a t e  s h u n t  h a s  
been r epo r t ed  in m a n y  s te ro id  h o r m o n e  p r o d u c i n g  t i s sues  
of h ighe r  v e r t eb r a t e s ,  i nc lud ing  t he  ovary ,  ad r ena l  cor tex ,  
a n d  tes t i s  (FIELD e t  al.  1). T he  g l ncos e - 6 - phos pha t e  de-  
hydrogenase  (G-6-PD) i n v o l v e d  in  t he  f i rs t  s t ep  of t h i s  
a l t e r n a t i v e  p a t h w a y  is t h e  m o s t  i m p o r t a n t  s y s t e m  gener-  
a t i ng  reduced  t r i p h o s p h o p y r i d i n e  nuc leo t ide  ( T P N H )  re-  
qu i red  for  t h e  syn thes i s  of s t e ro id  h o r m o n e s  (V~rHITE e t  
al. 2 HAYNES e t  al.*, MCKERNS a-s, SAVARD e t  al. ~,s). 

I n  h i s tochemica l  s tud ies  of h u m a n  (DEANE e t  al.g, 
KERN-BoNTKE x0) a n d  r a t  (TuROLLA a n d  MAGRIN111) 
ovaries,  i t  h a s  been  r epo r t ed  t h a t  t he  cells cons idered  to  
be  t h e  s i te  of s te ro id  p r o d u c t i o n  exh ib i t ed  a h i g h  G - 6 - P D  
ac t iv i ty ,  as well as a n  a c t i v i t y  for  As-3f l -hydroxys te ro id  
dehydrogenase .  I n  a p rev ious  s t u d y  on  macke re l  ova r i e s  
(SARA12), AS-3fl-hydroxysteroid d e h y d r o g e n a s e  was local- 
ized h i s tochemica l ly  a n d  cell t ypes  capab le  of s te ro id  
syn thes i s  were ident i f ied,  I t  t h e n  seemed of i n t e r e s t  to  
examine  t he  mackere l  ovar ies  b y  h i s tochemica l  m e t h o d s  

used for t he  d e m o n s t r a t i o n  of G-6-PD,  for t h i s  s y s t e m  is 
p a r t i c u l a r l y  ef fec t ive  in t he  p r o d u c t i o n  of T P N H  for 
s teroidogenesis .  Techn iques  for  t r i p h o s p h o p y r i d i n e  nu-  
c leot ide  d i a p h o r a s e  ( T P N H - d i a p h o r a s e )  were  also appl ied 
to  t he  p r e sen t  ma te r i a l .  
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The  ovar ies  of sexual ly  m a t u r e  mackere l  were  used, 
Pieces  of fresh t issue were p r o m p t l y  frozen, sec t ioned a t  
12 # in a c ryos t a t  a t  -- 25°C, and  placed on coverslips,  
Most  of the  sect ions were t r ea t ed  wi th  acetone  at  abou t  
- -20°C for 30 min  to r emove  cer ta in  lipids. For  the  
d e m o n s t r a t i o n  of G-6-PD,  t he  sect ions were incuba ted  
for 15 rain a t  37°C in a m e d i u m  (A) des igned by  COHEN 13, 
and  in a m e d i u m  (B) p r epa red  according  to  the  me thod  of 
H E s s  e t  al. ~4,~s However ,  in  m e d i u m  A, 0.1 M p h o s p h a t e  
or tr is  ( hyd roxymethy l )  a m i n o m e t h a n e  buffer  a t  p H  7.4 
was subs t i t u t ed  for veronal  buffer  and,  in some ins tances ,  
t e t r a n i t r o - B T  was subs t i t u t ed  for n i t ro -BT;  in med ium B, 
te t ran i t ro- t3T or n i t ro -BT was used, a me ta l  chela te  was  
o mi t t ed  and  the  incuba t ion  of sect ions  was pe r fo rmed  a t  
p H  7.4. Fo r  t he  de tec t ion  of T P N H - d i a p h o r a s e ,  paral le l  
sec t ions  were  incuba ted  for 15 rain in a m e d i u m  (C) de-  
scr ibed b y  COH:EN lz, and  in a med ium (D) p repa red  ac- 
cording to  the  m e t h o d  of SCARPELLI et  al. 15,18. The modi-  
f icat ions men t ioned  above  for media  A and  B were also 
appl ied  to  med ia  C and  D respect ively ,  Control  sect ions  
for G-6-PD were incuba ted  in media  lacking e i ther  sub-  
s t r a t e  or coenzyme,  those  for T P N H - d i a p h o r a s e  were  in- 
c uba t ed  w i t h o u t  subs t ra te .  Af te r  incuba t ion ,  t he  sect ions  
were f ixed for  10 rain in neu t ra l  10% formalin,  washed ,  
and  m o u n t e d  in gtycerogel.  

A l though  no difference in the  d i s t r ibu t ion  of G-6-PD 
was recorded,  the  react ion in t ens i ty  in sect ions  incuba ted  
in m e d i u m  A s o m e w h a t  exceeded  t h a t  in sect ions  incu- 
b a t e d  in m e d i u m  t3. 

Ovar ies  in var ious  s tages  of t he  annua l  sexual  cycle 
were  assayed  for G-6-PD ac t iv i ty .  The  deta i ls  of t he  
ste~ges in t he  cycle of t h e  ovaries  and  in t he  d e v e l o p m e n t  
of t he  follicles have  been  descr ibed elsewhere (BARA17). 
A t  the  beg inn ing  of a new sexual  cycle, a d i s t inc t  G-6-PD 
ac t iv i ty  was found  to occur in some of the  theca l  cells of 
follicles (Stage 6) in which  vi tel logenesis  h a d  no t  begun.  
As follicles a t  Stages 1-5 p re sen ted  no enzyme  ac t iv i ty ,  
t h e y  were  n o t  cons idered  here.  In  ovar ies  in Stage  I I ,  
some theca l  cells of follicles w i th  yolk vesicles (Stage 7) 
and  of those  wi th  lipid d rop le t s  (Stage 8) showed  a h igh  
G-6-PD ac t iv i ty  (Figures 1 and  2). I t  was observed  in 
these  ovaries  t ha t ,  beg inn ing  f rom tollicles a t  Stage 6, the  

All Figures show sections of ovaries treated to demonstrate G-6-PD 
activity. Preineubation in cold acetone. Incubation period 15 rain, 

Nitro-BT. 12/t. × 240. 
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n u m b e r  of theca l  cells reac t ing  and  the  in tens i ty  of t he  
reac t ion  in these  indiv idual  cells gradual ly  increased till 
the  follicles reach Late  Stage 8. In  ovar ies  in Stage  I I I ,  a 
cons iderable  G-6-PD ac t iv i ty  was  exh ib i t ed  by  cer ta in  
theca l  cells of follicles in which vi tel logenesis  is well- 
a d v a n c e d  (Stage 9), while, in ovaries  in Stage IV, by  
those  of follicles in late vi tel logenesis  (Stage 10) (Figure 3) 
and  of follicles a t  Stage 9. The n u m b e r  of reac t ing  theca t  
ceils, however ,  was  r educed  in these  follicles. In  ovar ies  
in Stages  I f I  and  IV, while a cer ta in  ac t iv i ty  was recorded  

Fig. 2, Section of ovary in Stage II, showing the reaction in thecal 
and follicular cells of Late Stage 8 follicles. Theeal ceils exhibiting a 
stronger G-6-PD reaction than follicular cells are seen singly or as 

small groups. 

3 

Fig. 3. Section of ovary in Stage IV, showing portions of follicles at 
Stage 10 with activity in theeal and follicular cells. Note the decrease 

in the number of reacting thecal cells. 

1 ¸ . . . .  

Fig, 1. Section of ovary in Stage II, showing reacting theeal cells 
(or cell groups) of a follicle at Stage 7. 
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in  theca l  cells of those  a t  S tage  8, l i t t l e  or none  was de-  
t ec t ed  in the  theca l  cells of t he  ear l ier  follicles (Stages  7 
a n d  6). In  r ipe ovar ies  (Stage  V), a few of t he  t heca l  cells 
of m a t u r e  follicles (Stage  11) as well  as of follicles a t  
S tages  9 and  10 reac ted  posi t ive ly .  

Fol l icular  cells were l a t e r  t h a n  thcca l  cells in  e x h i b i t i n g  
a d e m o n s t r a b l e  G-6-PD a c t i v i t y  d u r i n g  t he  d e v e l o p m e n t  
of the  follicles. I n  fol l icular  cells, a weak  G-6 -PD a c t i v i t y  
appea red  first  in E a r l y  S tage  8 follicles found  in S tage  I I  
ovar ies ;  the  a c t i v i t y  s o m e w h a t  increased  in follicles a t  
la te  phases  of S tage  8 (Figure  2). I n  ovar ies  in s u b s e q u e n t  
stages,  a fol l icular  cell r eac t ion  w i t h  f u r t h e r  increase  in 
in t ens i ty  was found  to  occur  in follicles a t  S tage  9, a n d  
Stage 10 (Figure 3). A s h a r p  decl ine  in t he  a c t i v i t y  of t he  
foll icular cells, however ,  was  obse rved  in  m a t u r e  follicles. 

B o t h  in ovar ies  in  a pe r iod  of p r e p a r a t i o n  for  a new 
shedd ing  a f t e r  a p a r t i a l  ex t ru s ion  of eggs (S tage  VI) ,  a n d  
in ovar ies  w h i c h  h a v e  j u s t  comple t ed  f ina l  s h e d d i n g  
(Stage  V I I  - E a r l y  Phase) ,  a h i g h  G - 6 - P D  a c t i v i t y  was 
d i sp layed  b y  t he  fol l icular  cells, a n d  p a r t i c u l a r l y  b y  some 
theca l  cells of s p e n t  follicles t h a t  were qu i t e  new (Figures  
4 and  5); whereas  t h e  r eac t i on  was m u c h  r educed  in re- 

gressed (old) s p e n t  follicles. T h e  a c t i v i t y  in  theca l  and  
fol l icular  cells of t h e  a d v a n c e d  follicles on  t h e  onse t  of 
d e g e n e r a t i o n  was  a lways  less t h a n  t h a t  of h e a l t h y  fol- 
licles. The re  was a decl ine  in  a c t i v i t y  as t h e  degene ra t ion  
of t h e  follicles proceeded.  No G - 6 - P D  a c t i v i t y  was de- 
t e c t e d  in s t r u c t u r e s  in  la te  s tages  of a t res ia .  

I n  m a t u r i n g ,  m a t u r e ,  a n d  s p e n t  follicles, i t  was ob- 
se rved  t h a t  G - 6 - P D  a c t i v i t y  in  i n d i v i d u a l  fol l icular  cells 
was  r e l a t ive ly  w e a k e r  in  c o m p a r i s o n  w i t h  t h e  a c t i v i t y  in 
i n d i v i d u a l  t heca l  cells. In  a single follicle, t heca l  cells react -  
ing pos i t ive ly  for G - 6 - P D  occur red  as g roups  of cells or 
singly.  These  were la rger  t h a n  u n r e a c t i v e  cells in  the  
t heca l  layer .  I t  h a s  been  s h o w n  in  t h i s  s t u d y  t h a t  differ- 
ences in  t h e  G-6 -PD a c t i v i t y  in t heca l  a n d  fol l icular  cells 
occur red  in r e l a t i on  to  t h e  d e v e l o p m e n t  of follicles a n d  to 
t h e  a n n u a l  o v a r i a n  cycle. F o r  ovar ies  in  d i f fe ren t  stages,  
i t  shou ld  be  n o t e d  t h a t  t h e  loca l iza t ion  of d i fo rmazan  
depos i t s  seen in sec t ions  i n c u b a t e d  in m e d i a  used  for the  
d e m o n s t r a t i o n  of T P N H - d i a p h o r a s e  was, in  general ,  the  
same  as t h a t  obse rved  in sec t ions  exposed  to  m e d i a  for 
G-6-PD.  T h e  i n t e n s i t y  of t h e  s t a i n i n g  for t h e  l a t t e r  en- 
zyme,  however ,  was  h i g h e r  t h a n  t h a t  for T P N H - d i a -  
phorase .  I n  t h e  con t ro l  sect ions,  no  r eac t i on  was de tec ted  
for  e i t he r  enzyme.  I t  was, f u r t h e r m o r e ,  obse rved  t h a t  
sec t ions  i n c u b a t e d  in a s u b s t r a t e  so lu t ion  ( m e d i u m  A), in 
wh ich  t r i p h o s p h o p y r i d i n e  nuc leo t ide  h a d  b e e n  rep laced  b y  
d i p h o s p h o p y r i d i n e  nucleot ide ,  fai led to  reac t .  

T h e  p r e s e n t  s t u d y  ind ica tes  t h a t  G - 6 - P D  revea led  a 
r eac t i on  p a t t e r n  r e sembl ing  t h a t  of A~-3fl-hydroxy- 
s te ro id  d e h y d r o g e n a s e  (BARA12), e x c e p t  t h a t  some o the r  
s t ruc tu res ,  i nc lud ing  t h e  fol l icular  cells of t h e  m a t u r i n g  
follicles found  in  ovar ies  in  s tages  before  spawning ,  also 
reac ted .  I n  cells r e a c t i n g  pos i t ive ly  to  b o t h  enzymes ,  a 
h i g h e r  level  of a c t i v i t y  was  obse rved  for  G - 6 - P D  a f t e r  a 
g iven  i n c u b a t i o n  period.  A l t h o u g h  G - 6 - P D  was  n o t  re- 
s t r i c t ed  to t h e  t heca l  a n d  fol l icular  cells themse lves ,  the  
i n t e r e s t i ng  fac t  is t h a t  t h e  G-6 -PD a c t i v i t y  was  h i g h  in 
foll icular,  a n d  p a r t i c u l a r l y  in  t heca l  cells t h a t  were pre- 
v ious ly  r epo r t ed  (BARA lz) to  be t h e  on ly  ones  to  ex h i b i t  
t h e  a c t i v i t y  for  AS-3f l -hydroxysteroid  dehyd rogenase  
wh ich  is i n v o l v e d  in  s te ro id  h o r m o n e  syn thes i s .  I n  theca l  
a n d  fol l icular  cells, t h e  p resence  of a m a r k e d  a c t i v i t y  for 
a s y s t e m  t h a t  p rov ides  T P N H  for s te ro idogenes is  sup-  
por t s  the  role of these  cells as t h e  s i te  of s t e ro id  h o r m o n e  
syn thes i s  in  macke re l  ovar ies  ls,19. 

Rdsumd. L ' a c t i v i t 6  de la  g lucose -6 -phospha te  d6shydro-  
g4nase a 6t6 6tudi6e h i s t o c h i m i q u e m e n t  d a n s  les ovaires  
du  m a q u e r e a u .  Les  cellules th6ca les  e t  fol l iculaires  du 
follicule m o n t r e n t  u n e  ac t iv i t6  m a r q u 6 e  de la glucose-6- 
p h o s p h a t e  d6shydrog6nase  c o n n u e  c o m m e  le p lus  impor-  
t a n t  sys t6me  e n g e n d r a n t  la t r i p h o s p h o p y r i d i n e - n u c l 6 o t i d e  
r6dui te ,  n6cessaire  p o u r  la  syn th6se  des  h o r m o n e s  st6- 
roides.  
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Figs. 4 and 5. Spent follicles in sections of ovaries in Stage VI and 
in Stage VII-Early Phase respectively. Note that G-6-PD reaction is 
more intense in thecal cells than in follicular cells and that reacting 
thecal cells are distributed either singly or in groups in thecal layers 
of spent follicles. In Figure 4, the reaction in follicular cells of a 

healthy follicle at Stage 10 (on the right) is also seen. 

13 G. BARA, Rev. Fac. Sci. Univ. Istanbul, Ser. B, 25, 49 (1960). 
is The author is indebted to Dr. K. BALOGH JR. for kindly providing 

the dipotassium glucose-6-phosphate. 
19 This study was aided by a grant from NATO, Scorn 5-2-05. 
s0 Present address : Bingham Oceanographic Laboratory, Yale Uni- 
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