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Comparison of 10 days of high E/P ratio to 10 days with low E/P 
ratio 

Patient Severity of fits Number of days free 
from more severe fits 

Follicular Luteal FollicuIar Luteai 
phase phase phase phase 

GA 99 46 
EL 125 14 
IWI  58 39 
IW II 56 16 
]3A 34.5 1.5 
RO 7O 24 
Mean i SE 73.8 =k 13.4 23.4 ~ 6.8 
Student's paired t-test p < 0.01 

1 2 
6 9 
3 7 
5 10 
8 10 
5 10 
4.7 j_ 1.3 8.0 • 1.0 

p < 0.0O5 

4 D. E. WOOLLEY and P. S. TIMIRAS, Endocrinology 70, 196 (1962). 
J. LOGOTHE2IS, R. FtAR,~ER, F. NORRELL and F. TORRES, Neurology 
9, 352 (1959). 

p < 0.005; r = 0.48, p < 0.05; r = 0.69, p < 0.005; 
r = 0.76, p < 0.005). There  was a co r respond ing  cor- 
r e l a t ion  to oes t rogen  levels r = 0.53, p < 0.025; r =- 
0.67, p < 0.001 ; r = 0.86, p < 0.0005) in  t he  a n o v u l a t o r y  
cases. A compar i son  be tween  10 days  w i t h  h i g h  oes t rogen/  
p roges te rone  (E/P)  ra t ios  d u r i n g  t he  fol l icular  phase,  a n d  
low oes t rogen /p roges te rone  ra t ios  d u r i n g  t he  lu tea l  phase  
showed  t h a t  t h e  s eve r i t y  of f i ts  was  s ign i f i can t ly  h ighe r  
d u r i n g  t he  foll icular  phase  t h a n  d u r i n g  t he  lu tea l  p h a s e  
(see Table)  (p < 0.01). Correspondingly ,  a c lear ly  signif- 
i c a n t  lower  f r equency  of days  free f rom more  severe  f i ts  
( secondary  genera l ized convuls ions  in EL,  IW,  B A  a n d  
RO. GA loses her  m u s c u l a r  t ens ion  a n d  falls down) was 
obse rved  du r ing  t h e  fol l icular  phase  (p < 0.005) (see 
Table) .  This  is in  a g r e e m e n t  w i t h  LAIDLOW'S a d e m o n s t r a -  
t ion  t h a t  fi ts are mi ldes t  d u r i n g  t h e  lu tea l  phase ,  a n d  t he  
oes t rogen  effect  of a lowered e lec t roshock  t h r e s h o l d  in 
r a t s  4 a n d  t he  i n d u c t i o n  of G r a n d  Mal  b y  t r e a t m e n t  of 
epi lept ic  p a t i e n t s  w i t h  oes t rogen  5. 
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Summary. J H  t i t e r  was  d e t e r m i n e d  in t h e  h a e m o l y m p h  of p e n u l t i m a t e  a n d  las t  i n s t a r  l a rvae  of Pieris brassicae L. and  
Barathra brassicae L. T he  differences we obse rved  were c o n s i s t e n t  w i t h  physio logica l  d i f ferences  b e t w e e n  t h e  two 
species. 

D i f fe ren t i a t ion  processes  resu l t ing  in t he  m e t a m o r p h o s i s  
of insec ts  are  c o m m o n l y  cons idered  as d i rec t  consequences  
of a lowered juven i le  h o r m o n e  (JH) t i te r .  D a t a  on  J H  
t i t e r s  are  su rpr iz ing ly  scarce, desp i te  t h e i r  i m p o r t a n c e  for  
t h e  u n d e r s t a n d i n g  of phys io logica l  processes  ~,5. U n t i l  
recent ly ,  a p p r o p r i a t e  chemica l  miero~analy t ica l  m e t h o d s  
were n o t  ava i l ab le  a n d  J H  t i t e r s  were  d e t e r m i n e d  b y  
means  of b ioas say  a n d  expressed  in t e r m s  of J H  a c t i v i t y  
per  u n i t  vo lume.  E v e n  a t  p r e s e n t  whorl ga s ch r oma to -  
g raphy ,  h i g h  pressure  l iquid  c h r o m a t o g r a p h y  and  radio-  
i m m u n o a s s a y  offer new a n d  more  select ive m e t h o d s  for 
t i t e r  de t e rmina t i ons ,  a r e l a t ive ly  s imple  e x t r a c t i o n  pro-  
cedure  coupled  w i t h  a h igh ly  sens i t ive  b ioas say  can-  
n o t  ye t  be cons idered  a n  obsole te  m e t hod .  W e  a d m i t  
t h a t  a J H  t i t e r  d e t e r m i n e d  in  samples  f rom t h e  t o t a l  
b lood  m a y  r e p r e s e n t  mere ly  a n  ave rage  va lue  a n d  t he  
effect ive t i t e r s  nea r  t h e  t a r g e t  t i ssues  p r o b a b l y  differ  
f rom i t  to  a c e r t a i n  ex ten t .  Never the less ,  t he  ac tua l  t i t e r  
changes  in t h e  course of insec t  d e v e l o p m e n t  are p resum-  
ab ly  of m u c h  g rea te r  e x t e n t  t h a n  such  t i t e r  v a r i a t i o n s  
w i t h i n  t he  insec t  body.  

I n  t h e  p r e sen t  i nves t iga t ions  we h a v e  d e t e r m i n e d  J H  
t i t e r s  in  p e n u l t i m a t e  a n d  l a s t  i n s t a r  l a rvae  of two  lepido- 
p te rous  species e x h i b i t i n g  d i f fe rent  sens i t iv i t ies  to  J H  
analogues .  

Material and methods. L a r v a e  of t h e  cabbage  wh i t e  
bu t t e r f ly ,  Pieris brassicae L. were fed on  cabbage  p lan t s ,  
t hose  of t he  cabbage  a r m y  worm,  Barathra brassicae L. 
(= Mamestra brassicae) on a n  ar t i f ic ia l  m e d i u m  or ig inal ly  
for Ostrinia rmbilalis ~. B o t h  species were rea red  a t  25 ~ 
u n d e r  long-day  cond i t ions  (18/6 h L/D). U n d e r  these  
c i rcmns tances ,  in Pieris t h e  l e n g t h  of t h e  4th  ins t a r  
(incl. ecdysis) a m o u n t e d  to  40-46 h, t h a t  of t h e  5 th  (last) 

i n s t a r  to  4.5-4.8 days.  I n  Barathra t h e  5 th  l a rva l  i n s t a r  
l a s ted  72-80 h (incl. eedysis),  t h e  6 th  (last) i n s t a r  8 .5-9 
days.  

t t a e m o l y m p h  samples  of 150Z450 /~1 vo lume  were  col- 
lec ted  f rom CO2-narcot ized l a rvae  of k n o w n  age b y  clip- 
p ing  off one of t h e  f i rs t  a b d o m i n a l  prolegs w i t h  fine 
scissors, Accord ing  to  t he  size of t h e  animals ,  each  sample  
was der ived  f rom di f fe rent  n u m b e r s  of ca te rp i l la rs  w h i c h  
were  s ampled  s imu l t aneous ly :  3-20 spec imens  in  Pieris, 
3-12 spec imens  in Barathra. I n  d i f fe ren t  age groups,  
2-10 para l le l  h a e m o l y m p h  samples  were  t aken .  T h e  ex- 
t r a c t i o n  procedure ,  as well  as t h e  app l i ca t i on  of t h e  
Galleria-assay in  e x a m i n i n g  t he  samples ,  was  descr ibed  
ear l ier  in de ta i l  7, s. Some  m i n o r  modi f ica t ions  in m e t h o d s  
were in t roduced .  

] H  t i t e r s  were expressed  in G U / m l  h a e m o l y m p h .  One 
Galleria U n i t  (GU) ind ica tes  t h e  a m o u n t  of juven i l e  
h o r m o n e  a c t i v i t y  (con ta ined  ill 1 m g  of t h e  olive oil-par- 
aff in  w a x  mix tu re )  appl ied  in each  t e s t  w h i c h  causes  
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pos i t ive  responses  in  50% of t e s t  pupae .  In  our  assays  
1 G U  p r o v e d  to  be  equa l  to  t he  J H  a c t i v i t y  of 3 x 10- t~g 
(0.3 pg) DL-trans, trans, cis C~8 Cecropia J H  )JH-1) .  I f  
u n d i l u t e d  samples  induced  pos i t ive  responses  in  20 to 
40% of t h e  t e s t  an imals ,  t he  co r re spond ing  t i t e r s  were 
d e n o t e d  as ' J H - t r a c e s ' .  T he  0 to  20% pos i t ive  re- 
sponses,  some of t h e m  poss ib ly  showing  on ly  a n  'endo-  
cr ine  noise ' ,  were d e n o t e d  as 'no J H ' .  8 10 p u p a e  pe r  
assay  were r o u t i n e l y  used. 

Results. ] H  t i t e r  va lues  in p e n u l t i m a t e  a n d  l a s t  i n s t a r  
l a rvae  of P. brassicae a n d  B. brassicae are  d e m o n s t r a t e d  
in F igures  1 and  2, respect ive ly .  I n  p e n u l t i m a t e  i n s t a r  
ca te rp i l l a r s  r e l a t i ve ly  h igh  juven i l e  h o r m o n e  t i t e r s  were 
genera l ly  found,  approx .  700-3000 G U / m l  in Pieris, 3000 to 
27000 G U / m l  in Barathra. In  P. brassicae, where  more  
d e t e r m i n a t i o n s  were per formed,  a h i g h  level  of J H  ac- 
t i v i t y  seems to  be c o n t i n u o u s l y  p r e s e n t  in  t he  h a e m o l y m p h  
of 4 th  i n s t a r  la rvae .  Our  resu l t s  atso show t h a t  a t  t h e  
t i m e  of ecdysis a n d  in f resh ly  m o u l t e d  las t  i n s t a r  la rvae ,  
especia l ly  in  B. brassicae, j uven i l e  h o r m o n e  sti l l  circu- 
la tes  in  t h e  b lood  in s ign i f ican t  concen t r a t i ons .  There -  
a f t e r  a more  or less r ap id  decrease  in J H  t i t e r  was  ob-  
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Fig. 1. Juvenile hormone titers in penultimate and last instar larvae 
of Pieris brassicae L. (25~ 18/6 h L/D). Arrows: ~, cessation of 
food uptake; ~, time of moult to pupa. Vertical lines: . . . .  , cessation 
of food intake; - - - - ,  shedding of cuticle. 
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Fig. 2. Juvenile hormone titers in penultimate and last instar larvae 
of Barathra brassicae L. (25 ~ 18/6 h LID). Arrows: $, time of ceasing 
of food uptake; $, time of n~ouIt to pupa. 
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served  in b o t h  species. I n  Barathra la rvae ,  the  J H  t i t e r  
sti l l  r e m a i n e d  a r o u n d  70 GU/ml ,  a low b u t  de t ec t ab l e  
value ,  1 d a y  a f t e r  t he  las t  l a rva l  moul t .  The  lowest  level  
of juven i l e  h o r m o n e  t i t e r  was  r eached  on  t he  2nd a n d  
3rd d a y  (Pieris), or 4 th  d a y  (Barathra) of t he  las t  ins tar .  
Fol lowing th i s  period,  w h e n  l a rvae  cease feeding and  
s t a r t  to  sea rch  for p u p a t i o n  sites, a r e l a t ive ly  p r o m p t  
increase  in J H  t i t e r  was  de tec ted .  I n  Pieris brassicae t h i s  
J H  peak  seems to  be r a t h e r  low (70-110 GU/ml )  a n d  of 
s h o r t  du ra t ion ,  be ing  l imi ted  on ly  to  a pe r iod  w h e n  
ca te rp i l la rs  spin  t h e i r  'g irdle '  for pupa t ion .  I n  t h e  h a e m o -  
l y m p h  of Baralhra l a rvae  a n d  p repupae ,  however ,  t he  
J H  t i t e r  a p p a r e n t l y  r e m a i n e d  a r o u n d  60-120 G U / m l  for 
a longer  period,  inc lud ing  t he  b e g i n n i n g  of p u p a l  develop-  
mont .  

As to  J H  t i t e r s  in p e n u l t i m a t e  i n s t a r  larvae,  ou r  d a t a  
are r a t h e r  few to  d r aw  more  de ta i led  conclusions.  In  
general ,  J H  t i t e r  va lues  in  these  l a rvae  are  10-100 t imes  
h igher  t h a n  a n y  t i t e r s  found  in las t  i n s t a r  caterpi l lars .  
These  resu l t s  do n o t  p rec lude  t h e  ex is tence  of a per iod  
w i t h  lower J H  t i te r .  A t  leas t  in  Pieris, however ,  such  a 
per iod  could on ly  be  of v e r y  s h o r t  du ra t ion .  

Discussion. The  presence  of J H  in the  h a e m o l y m p h  of 
m o u l t i n g  l a rvae  is n o t  surpr iz ing  a n d  is in good agree-  
m e n t  w i th  some d a t a  in  t he  l i t e r a tu re  9,10. S ign i f ican t  J H  
ac t iv i t ies  were also found  in t he  b lood  of Philosamia a n d  
Manduca l a rvae  in t h e  b e g i n n i n g  of t h e  l a s t  i n s t a r  4, 5. In  
Bombyx t h e  co rpora  a l t a t a  p r o v e d  to be  ac t ive  in  t h i s  
per iod  1~. 

Th i s  agrees  well  w i t h  t h e  theory ,  o r ig ina ted  b y  
PIEPHO 12 a n d  re fe r red  to  b y  WILLIAMS la and  m a n y  
o the r s  the rea f t e r ,  w h i c h  emphas izes  t h e  s ignif icance of 
a low b u t  def in i te  J H  t i t e r  for l a rva l  p u p a l  t r a n s f o r m a -  
t ion  in Ho lome tabo l a .  The  decreas ing  course of t h e  J H  
t i t e r  in  t he  f i rs t  ha l f  of t h e  las t  i n s t a r  coincides w i t h  
changes  in J H  sens i t i v i ty  e s t ab l i shed  b y  t he  f i rs t  a u t h o r  
in b o t h  species 14,1~. The  h ighes t  s ens i t i v i t y  to  j uveno ids  
w i t h  respec t  to  t he  m o r p h o g e n e t i c  effect  was  found  on 
d a y  3 in P. brassicae (at  25 ~ a n d  on  d a y  4 in B. bras- 
sicae (at  23 ~ 

Morphogene t i c  d i s t u r b a n c e s  ( l a rva l -pupa l  i n t e rmed i -  
ates)  could  on ly  be  evoked  ii1 Barathra w i t h  100-400 
t imes  h ighe r  dosages of a j u v e n o i d  t h a n  in Pieris (10 to  
400 ~xg, resp. 0.1-1 [zg of ZR-512)14, is. I n  f reshly  mou l t ed  
las t  i n s t a r  l a rvae  (on d a y  0), we found  a n  approx.-30-fold  
dif ference in J H  t i t e r  w h i c h  m i g h t  occur  also on  sub-  
s equen t  days.  Tile difference in J H  sens i t i v i t y  be tween  
t he  two  species is to  a ce r t a in  degree re f lec ted  in t he  cor- 
r e spond ing  juven i le  h o r m o n e  t i te rs .  Never the less ,  we 
m u s t  be v e r y  cau t ions  in  d rawing  too  def in i te  conclusions  
in t he  absence  of i n f o r m a t i o n  on  t h e  chemica l  n a t u r e  of 
t he  n a t u r a l  juveni le  hormone(s )  of these  L e p i d o p t e r a  16. 

The  r e - appea rance  of J H  nea r  t he  midd le  of t he  las t  
i n s t a r  in l a rva l  h a e m o l y m p h  po in t s  to  a renewed a c t i v i t y  
of co rpora  a l l a t a  in  th i s  per iod,  t(AISER ~7 d e m o n s t r a t e d  
a co r re spond ing  phase  in the  secre t ion  of these  endocr ine  
g lands  in P.  brassicae b y  m e a n s  of h is to logical  me thods .  
Some o the r  i nves t iga t ions  also revea led  a s imi lar  per iod  

J. 1~{. LEGAY, C. r. S6anc. Soc. Biol., Paris, D ldg, 512 (1950). 
10 M. REu~, Roux' Arch. EntwMech. Org. 145, 205 (1951). 
11 S. Fu~u9% J. Fac. Sci., Tokyo Univ. Sec. IV 5, 477 (1944). 
i~ H. PIEP~o, Verh. dt. zool. Ges., 62 (1951). 
13 C. M. WILLIAMS, Biol. Bull. 121, 572 (1961). 
14 L. VARJAS, Gen. comp. Endocr. 22, 414 (1974). 
15 L. VARJAS and M. T6TH, unpublished observations (1975). 
1~ G. B~NZ, Experientia 29, 1437 (1973). 
i7 p. KAISER, Roux' Arch. EntwMech. Org. 744, 99 (t949). 
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w i t h  h igher  corpus  a l l a t u m  a c t i v i t y  in the  las t  i n s t a r  
l a rvae  of Me!anoplus, Pyrrhocoris, Anisolabis, and  
f~ocq/lsla 18-21. 

The  per iodic  func t ion ing  of t he  corpus  a l l a t a  seems, 
therefore ,  to  con t inue  ill las t  i n s t a r  larvae,  a l t h o u g h  
p e r h a p s  a t  a reduced  ra te .  T he  role of f l uc tua t ions  in  t he  
r a t e  of e n z y m a t i c  b r e a k d o w n  of J H  w i t h  respec t  to  t he  
changes  in J H  t i t e r  ha s  st i l l  to  be  d e t e r m i n e d  in b o t h  
Pieris and  Barathra. 

The  morphogene t i c  a n d  physiological  s ignif icance of 
h i g h e r  J H  t i t e r s  in  t he  second ha l f  of t h e  las t  l a rva l  
i n s t a r  is as ye t  n o t  clear. I n  Pieris a n d  Barathra, pos- 
s ib ly  also in o t h e r  Ho lome tabo la ,  i t  occurs  a t  a t i m e  
w h e n  t he  cr i t ical  per iod  for t he  d e t e r m i n a t i o n  of m e t a -  
morphos i s  is ove r  a n d  t he  l a rvae  p repa re  t hemse lves  for 
p u p a t i o n  (e.g. sp inn ing  of webs  or  cocoons).  The  pre-  
sence of J H  m a y  be  re la ted  to  i ts  i n h i b i t o r y  effect  on  
g r o w t h  and  d i f f e ren t i a t ion  of imag ina l  discs a n d  o the r  
deve lop ing  s t ruc tu res .  The i r  precocious  d i f f e ren t i a t ion  
would  b e  u n f a v o u r a b l e  for t he  insec t  un t i l  an  a p p r o p r i a t e  
e n v i r o n m e n t  for  p u p a t i o n  has  been  ensured.  In  t h i s  
c o n n e c t i o n  i t  is v e r y  sugges t ive  to com pa r e  our  idea 
w i t h  a few d a t a  f rom t he  l i t e r a tu re  re fer r ing  to a signif- 
i c a n t  corpus  a l l a t u m  a c t i v i t y  d u r i n g  l a rva l  d i apause  in 
Chilo, Plodia, a n d  Diatraea ~2 ~4. I t  seems t h a t  in l a rva l  
d i apause  t he  J H  peak,  t yp i ca l  also for  n o n - d i a p a u s e  

deve lopmen t ,  is t e m p o r a r i l y  s tabi l ized.  I t  is also w o r t h -  
whi le  m e n t i o n i n g  t h a t  in  Pieris brassicae t h e  J H  p e a k  
found  in t he  las t  i n s t a r  coincides  w i t h  t he  cr i t ica l  per iod  
of l igh t  s ens i t i v i t y  for  p u p a l  morpholog ica l  colour  
change  25. Th i s  p e a k  c a n n o t  bea r  a r e l a t i on  to  'g i rd le '  
sp inn ing  b e h a v i o u r  itself, as, accord ing  to t~ENZ 16, t h e  
endocr ine  i n d u c t i o n  of th i s  b e h a v i o u r  occurs  w i t h i n  t he  
f i rs t  60 hours  of t h e  ins tar .  

I n  conclus ion we can  s t a t e  t h a t  in Pieris and  Barathra, 
t h e  complex  processes lead ing  to  m e t a m o r p h o s i s  are  ac- 
c o m p a n i e d  b y  s u b t l y  t i m e d  changes  in JH tiger, wh ich  
m a y  p a r t l y  exp la in  t he  species specific v a r i a t i o n s  found  
in m o r p h o g e n e t i c  a n d  physiological  responses  to  exoge- 
nous  h o r m o n e  supply.  
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M o n o l a y e r  Cul tures  of  N o r m a l  Adul t  Rat  A d r e n o c o r t i c a l  Cells:  S t e r o i d o g e n i c  R e s p o n s e s  to N u c l e o -  
t ides ,  Bacter ia l  T o x i n s  and A n t i m i c r o t u b u l a r  A g e n t s  

M. J, O'HARE 1 

Division o/ Pathology, Chester Deatty Research Institute, JTulham Road, London, SW3 5JB (England), 22 August 1975. 

Summary. Monolayer  cu l tu res  of n o r m a l  r a t  ad renocor t i ca l  cells were t r e a t e d  w i t h  agen t s  w h i c h  s t i m u l a t e  s teroido-  
genesis b y  Y-1 ad rena l  t u m o u r  cells. Choleragen was act ive ,  whereas  cyclic nuc leo t ides  o the r  t h a n  cyclic AMP,  bac te r i a l  
e n d o t o x i n s  and  a n t i m i c r o t u b u l a r  agen t s  were inac t ive .  

N o r m a l  a d u l t  r a t  ad renocor t i ca l  cells can  be  m a i n t a i n e d  
in v i t ro  for severa l  m o n t h s  as p r i m a r y  m o n o l a y e r  cul tures ,  
while  r e t a i n i n g  t h e i r  morpho log ica l  a n d  s tero idogenic  
responses  to  A C T H  and  cyclic A M P  24.  Cul tures  of 
d i f f e ren t i a t ed  ad rena l  t u m o u r  cells, p a r t i c u l a r l y  t he  Y-1 
es t ab l i shed  cell-line 5, h a v e  also been  ex tens ive ly  used in 
s tud ies  of adrenal -speci f ic  func t ions  6. These  t u m o u r  ceils, 
however ,  r e spond  to  a n u m b e r  of subs t ances  o t h e r  t h a n  
A C T H  and  cyclic AMP.  T h e y  are  s t i m u l a t e d  b y  o the r  
cyclic nuc leo t ides  such  as cyclic CMP 7, b y  bac te r i a l  
t ox ins  inc lud ing  cho le ragen  (V. cholerae en te ro tox in )  
a n d  unpur i f i ed  endo tox ins  s,9 a n d  b y  mic ro tubu le -d i s -  
r u p t i n g  agen ts  such  as colchicine ~0,1~. 

The  l ong - t e rm  responses  of cu l tu red  n o r m a l  ad rena l  
ceils to  these  agen ts  h a v e  the re fo re  been  examined ,  
because  t he  v a l i d i t y  of t u r n o u t  cells as models  of ad r ena l  
func t ion  e v i d e n t l y  depends  on  t h e  e x t e n t  to  which  t h e y  
h a v e  r e t a ined  n o r m a l  responses.  

Materials and methods. Tissue  cul ture .  Conf luen t  mono-  
layer  cu l tu res  of a p p r o x i m a t e l y  0 .5 -1 .0 •  cor t ica l  
cells were p r e p a r e d  f rom t he  zona  fasc icu la ta - re t icu la r i s  
of ad r ena l  g lands  f rom 8-week-old (200 g) male  "Wistar 
rats ,  us ing  t he  co l l agenase -hya iu ron idase  d i saggrega t ion  
p rocedure  descr ibed  p rev ious ly  2. Cul tures  were m a i n t a i n e d  
a t  37 ~ in 25 cm~ po lys ty rene  cu l tu re  f lasks (Falcon) w i t h  
5 ml  Dulbecco ' s  Eag le ' s  m e d i u m  c o n t a i n i n g  15% fe ta i  
calf  s e rum (GIBCO),  plus  100 ~zg/ml each  of penici111in 

a n d  s t r e p t o m y c i n  w i t h  a gas -phase  of 10% CO s ill air.  
Cul tu re  m e d i u m  was changed  e v e r y  24 h a n d  r e t a i n e d  for 
m e a s u r e m e n t  of s te ro id  con ten t ,  a n d  t he  n u m b e r  of 
cor t ica l  ceils in  each  cu l tu re  was d e t e r m i n e d  b y  d i rec t  
c o u n t i n g  of cells in  r a n d o m l y - c h o s e n  fields of k n o w n  
area  u n d e r  an  i n v e r t e d  p h a s e - c o n t r a s t  microscope.  

Cyclic nucleot ides ,  ana logs  thereof ,  nucIeot ides ,  nu -  
cleosides a n d  pu r ine  a n d  p y r i m i d i n e  bases  (S igma 
Chemical  Co.) were added  d i rec t ly  to  t he  cu l tu res  dis- 
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