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sal ine was added  to t he  in i t ia l  homogena te ,  wh ich  was 
f u r t h e r  processed t h r o u g h  a W a r i n g  B lende r  to  a f ine 
consis tency,  p laced in a Serva l  re f r igera ted  cen t r i fuge  
and  s p u n  for 30 m i n  a t  13,500 g (22,000 g), a t  4~ The  
surface l ip id  m a t e r i a l  a n d  t he  cel lular  res idue  were 
discarded.  The  r e m a i n i n g  yel lowish so lu t ion  was f i l tered 
t h r o u g h  a 0.45 mic ron  mi l l ipore  fi l ter,  lyophi l ized and  
s tored  a t  0 ~ un t i l  added  to  t he  e x p e r i m e n t a l  med ium.  
The  p ro t e in  c o n c e n t r a t i o n  of t he  e x t r a c t  was d e t e r m i n e d  
f rom LowRY 12 p ro te in  ana lys i s  w i th  h u m a n  se rum a l b u m i n  
(Cut ter  L a b o r a t o r y ,  Berkeley ,  California)  as p ro t e in  
s t a n d a r d .  I n  these  ex t r ac t s  t h e  r a t io  of c a r b o h y d r a t e  to  
p ro t e in  was a p p r o x i m a t e l y  1 :50  as d e t e r m i n e d  b y  a n  
a n t h r o n e  t e s t  w i t h  dex t rose  as s t anda rd .  

Results" and discussion. I n  F igure  A, changes  in m i to t i c  
index,  cell v o l u m e  and. cell n u m b e r  are shown  for n o r m a l  
con t ro l  cu l tu res  of h u m a n  p r i m a r y  foreskin  cells. I t  m a y  
be  seen t h a t  t he  cell v o l u m e  reaches  a m a x i m u m  a t  a b o u t  
21 h a f te r  seeding. Fo l lowing  th i s  cell vo lume  m a x i m u m ,  
one sees t he  in i t ia l  increase  in cell n u m b e r ,  wh ich  begins  to  
rise a b o u t  24 h a f te r  seeding. Also, a t  24h  t h e m i t o t i c  index  
begins  to  rise d rama t i ca l ly ,  coming  to a m a x i m u m  half-  
way  t h r o u g h  t he  in i t ia l  increase  in cell n u m b e r ,  and  
decreas ing  r a p i d l y  as th i s  increase  in cell n u m b e r  levels 
off to  a p la t eau ,  h a v i n g  comple t ed  t he  f i rs t  d iv i s ion  cycle. 
Th i s  p l a t eau  occurs  b e t w e e n  35-40 h a f te r  seedings,  a f te r  
wh ich  t i m e  a second cell d iv i s ion  wave  commences ,  
a l t h o u g h  t he  effect  is no t  as marked .  Th i s  d a m p i n g  of t he  
response  is also shown  b y  t he  mi to t i c  i ndex  a n d  cell 
v o l u m e  curves.  I n  all  con t ro l  g r o w t h  expe r imen t s ,  we 
h a v e  found  th i s  h igh ly  p r ed i c t ab l e  in i t ia l  t e m p o r a l  surge 
of cell d ivis ion.  This  ' p s e u d o s y n c h r o n o u s '  p a t t e r n  can  
p r o b a b l y  be  a t t r i b u t e d  to our  s t a n d a r d  m e t h o d  of ser ial  
cu l t iva t ion .  

Cell cu l tu res  in i t i a t ed  w i t h  e x p e r i m e n t a l  m e d i u m  conta -  
in ing  skin  e x t r a c t  and  ad rena l i n  e x h i b i t  a def in i te  increase  
of 8 h in t he  lag per iod  preceed ing  t he  f i rs t  wave  of cell 
d ivis ion.  Th i s  longer  lag per iod  is a p p a r e n t  in all  t h r ee  cell 
p a r a m e t e r s  s tud ied  as shown  in F igure  B. I n  compar i son  
w i t h  t he  con t ro l  cell g r o w t h  pa rame te r s ,  t he  in i t ia l  s tep  
increase  in cell n u m b e r  has  been  e l imina ted ,  a n d  the  well  
def ined peaks  of mi to t i c  i ndex  and  cell v o l u m e  h a v e  been  
reduced  in a m p l i t u d e  and  sharpness .  These  changes  
s t rong ly  ind ica t e  a decrease  in t he  degree of 'pseudo-  
s y n c h r o n y '  as c o m p a r e d  to  con t ro l  cul tures .  G r o w t h  

p a r a m e t e r s  of cell cu l tu res  i n i t i a t ed  w i t h  a d r e n a l i n  a lone 
were no t  d i f fe ren t  I ron  con t ro l  cul tures .  Also, cu l tu res  
t r e a t e d  a t  va r ious  t i m e s  (32-42 h a f te r  seeding) du r ing  
ac t ive  celt d iv i s ion  w i t h  b iochemica l  ex t r ac t s  ob t a ined  
f rom leg muscle  a lone  (1.0 m g  p ro te in /ml ) ,  leg muscle  
(1.5 m g  p ro t e in /ml )  p lus  adrena l in ,  or l ung  e x t r a c t  
(1.5 m g  p ro te in /ml )  p lus  a d r e n a l i n  showed no difference 
f rom cont ro l  cul tures .  G r o w t h  i n h i b i t i o n  was seen w i t h  
cu l tu res  t r e a t e d  on ly  w i t h  skin  e x t r a c t  (1.0 m g  prote in / rn l )  
and  th i s  i nh ib i t i on  was s l ight ly  p o t e n t i a t e d  b y  t h e  combi-  
n a t i o n  of skin  e x t r a c t  w i t h  adrena l in .  This  d a t a  ind ica tes  
t h a t  whi le  ad rena l i n  will  p o t e n t i a t e  t he  effect, t h e  ac t ive  
c o m p o n e n t  is c o n t a i n e d  in the  sk in  ex t rac t .  

Our  skin  e x t r a c t  can  be cons idered  pa t en t ,  as mouse  in 
v ivo  e x p e r i m e n t s  i nd i ca t e  a p p r o x i m a t e l y  a 16 % depress ion  
in ear  ep ide rmis  m i t o t i c  index  as c o m p a r e d  to cont ro l  
an ima l s  a f t e r  i.p. in jec t ions  of 1.0 m g  p ro t e in /g  of animal .  
Also, in  p r e l i m i n a r y  e x p e r i m e n t s  i nves t i ga t i ng  possible 
cel lular  modes  of ac t ion  of sk in  ex t rac t ,  effects  on  r a t  
l iver  m i t o c h o n d r i a l  r e sp i r a t ion  a n d  ox ida t i ve  p h o s p h o r y -  
l a t ion  in v i t ro  were examined .  No effects of e x t r a c t  were 
found,  sugges t ing  t h a t  t he  effect  of mi to t i c  i n h i b i t i o n  is 
no t  v ia  i n h i b i t i o n  of cell r e sp i r a t ion  or ox ida t i ve  phos-  
pho ry l a t i on .  

A l t h o u g h  our  e x t r a c t  has  def in i t e  effects on  t he  mode  
of g rowth  of h u m a n  p r i m a r y  foreskin  cells in  t i ssue  
cul ture ,  f u r t h e r  work  in e x t r a c t  pu r i f i ca t ion  a n d  mode  of 
ac t ion  is needed.  

Zusammen/assung. Der  Einf luss  eines b iochemischen ,  
zellfreien H a u t e x t r a k t e s  auf  mensch l i che  V o r h a u t z e l l e n  
wurde  in K u l t u r  gepri if t .  Al lgemeine  H e m m u n g  von  
Ze l lwachs tum,  Ze l lve rmehrung ,  Ze l lvo lumen  u n d  Mito- 
sera te  sp rechen  ftir a k t i v e n  B e s t a n d t e i l  des E x t r a k t e s .  
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T h e  Ef fec t  o f  P r e t r e a t m e n t  w i t h  R a t  P l a c e n t a l  H o m o g e n a t e  on  S u b s e q u e n t  P r e g n a n c y  in  t h e  R a t  

There  is increas ing  i n t e r e s t  in  t he  p r o b l e m  of i n t r au -  
t e r ine  fe ta l  m a l n u t r i t i o n  in h u m a n  p r e g n a n c y  as a resu l t  
of a c c u m u l a t i n g  ev idence  w h i c h  suggests  t h a t  severe ly  
affected i n f an t s  m a y  suffer  phys ica l  a n d / o r  m e n t a l  r e t a r -  
d a t i o n  in l a t e r  life1 ~. I t s  cause  is no t  known.  

The  p r e s e n t  p a p e r  descr ibes  a n  a t t e m p t  to  p roduce  fe ta l  
g r o w t h  r e t a r d a t i o n  in p r e g n a n t  r a t s  us ing  a n  i m m u n o -  
logic m e t h o d  wh ich  invo lves  r epea t ed  in jec t ion  of homo-  
logous r a t  p l a c e n t a l  h o m o g e n a t e  in  F r e u n d ' s  a d j u v a n t .  

Materials and methods. Three  groups  of r a t s  were in-  
v e s t i g a t e d :  1. R a t s  in j ec ted  w i t h  homologous  p l a c e n t a  in  
F r e u n d ' s  a d j u v a n t  before  p r e g n a n c y :  T he  p r e p a r a t i o n  of 
h o m o g e n a t e  a n d  in j ec t ion  was as descr ibed  b y  OKUDA and  
GROLLMAN~. A reg ime  of 8 b i -week ly  in jec t ions  was 
a d m i n i s t e r e d  i.p. u n d e r  e the r  a n a e s t h e s i a  to  a group of 
25 ra ts ,  a f t e r  wh ich  t he  an i m a l s  were ma ted .  R a t s  weighed  
f rom 153 to  196 g a t  t he  s t a r t  of t he  expe r imen t s .  

2. R a t s  in j ec ted  w i t h  homologous  p l a c e n t a  in  F r e u n d ' s  
a d j u v a n t  d u r i n g  p regnancy .  Twice weekly  in jec t ions  were 

g iven  i.p. u n d e r  e t h e r  anae s the s i a  du r ing  t he  3 weeks of 
ges ta t ion .  

3. Cont ro l  rats .  These  were n o r m a l  u n t r e a t e d  r a t s  which  
were no t  t a m p e r e d  w i t h  in  a n y  way  before or du r ing  
p regnancy .  

R a t s  were ma ted ,  p r o t e i n u r i a  d e t e r m i n e d  and  p l a c e n t a  
and  fe ta l  t i ssues  o b t a i n e d  b y  m e t h o d s  descr ibed elsewhere s. 
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Average litter size and weights of fetuses and placentas in nornlal pregnant rats and in rats injected with rat placental homogenates plus 
Freund's complete adjuvant 

Type of pregnancy Day of No. of liveborn Fetal weight (g) Placental wt. (g) Fetal:placental 
pregnancy fetuses weight (ratio) 

Nornlal 21 11.14 4- 3.14 (59) ~ 3.9 4- 0.58 (22). 0.57 i 0.08 (22) 6.9 • 0.96 (22) 
2o 12.00 (2) 2.2 (2) 0.54 (2) 4.08 (2) 

21 8.50 4- 4.00 (12) 3.6 4- 0.43 (12) 0.66 • 0.05 (12) 5.7 4- 1.49 (12) 
P < 0.02 P < 0.02 P < 0.01 

20 8.00 (1) 1.8 (1) 0.78 (1) 2.3 (1) 

21 10.70 4- 2.52 (9) 3.6 • 0.31 (9) 0.54 ~ 0.05 (9) 6.8 i 0.45 (9) 

Injected with rat 
placental homogenate 
before pregnancy 

Injected with rat 
placental homogenate 
during pregnancy 

Figures in parenthesis are the number of samples. All values are the mean • standard deviation. 

Results. Only 13 of the  ra t s  in jec ted  wi th  the  homoge-  
ha te  p repa ra t ion  before p r egnancy  were subsequen t ly  
m a t e d  successfully;  some ra ts  never  showed spe rma tozoa  
in vaginal  smears  desp i te  r epea ted  ma t ing  a t t e m p t s ,  
while o thers  killed 21 days  af ter  a posi t ive  smear  was 
obta ined,  showed no evidence of p regnancy  then.  These 
ra t s  excre ted  up to 300 mg/100 ml p ro te in  in the  urine on 
occasion;  however ,  the  a m o u n t  of p ro te inur ia  f luc tua ted  
cons iderably  in t he  same rat .  Control  ra t s  general ly  
showed lesser degrees of p ro te inur ia  t h a n  those t rea ted .  

As indica ted  in t he  Table,  ra t s  which had  been in jec ted  
wi th  p lacen ta l  homogena te  pr ior  to  p regnancy  had  a 
s ignif icant ly  smal ler  number  of l ive-born fetuses  per  l i t ter  
t h a n  did the  controls  (P  < 0.02). The average weigh t  of 
surviving fetuses  was similar  to  t h a t  of controls  a t  day  21 
of gesta t ion,  a l though  fetal  size was abnormal  in 2 cases 
a t  th is  t i m e  of p regnancy ;  fetuses weighed f rom 2.8 to 
2.9 g ill one rat ,  and  in another ,  one live fetus weighing 
2.5 g was observed wi th  2 resorpt ions.  A th i rd  ra t  killed 
on day  20 of ges ta t ion  showed abnormal ly  small  fetuses.  
The average  p lacen ta l  weight  was s ignif icant ly  grea ter  
t h a n  normal  in these  rats,  while the  fe ta l /p lacenta l  weigh t  
ra t io  was s ignif icant ly  less t h a n  in the  controls .  

The Table  shows t h a t  ra t s  in jec ted  wi th  p lacen ta l  
homogena t e  in F r e u n d ' s  a d j u v a n t  dur ing  p regnancy  only 
did no t  differ s ignif icant ly  f rom controls  w i th  respec t  to  
l i t te r  size and  fetal  and  p lacenta l  weight .  

Discussion. The p resen t  a t t e m p t  to  induce in t rau te r ine  
fetal  ma lnu t r i t i on  using the  immunologic  t echn ique  of 
r epea ted  in jec t ion  of ra t  p lacenta l  homogena t e  in F r e u n d ' s  
ad juvan t ,  e i ther  before or dur ing  pregnancy ,  was no t  
successful f rom the  po in t  of v iew t h a t  i t  did no t  consis-  
t en t ly  result  in pregnancies  w i th  growth  r e t a rded  fetuses.  

I t  is in teres t ing,  never theless ,  to compare  the  effect  of 
th is  t r e a t m e n t  on o the r  aspects  of the  p regnancy  ou tcome  
which  were observed  in this  s tudy  and  by  o ther  invest iga-  
tors.  In  a few ra ts  given 12 hi -weekly inject ions of pla- 
centa l  homogena t e  and  subsequen t ly  mated ,  OKUDA and  
GROLLMAN 7 observed  bleeding f rom the  vagina,  necrot ic  
fetuses  and  in one case, ve ry  smal l  fetuses w i th  normal -  
sized placentas .  Using the i r  technique ,  bu t  a d i f fe rent  
s t ra in  of ra t s  and  a t o t a l  of only  8 injections,  we ob ta ined  
normal -s ized  fetuses  in mos t  cases bu t  t he  n u m b e r  of live- 
born  fetuses  per  l i t te r  were less t h a n  in controls .  The la t t e r  
f ind ing  was due in p a r t  to fetal  dea th  in utero as ind ica ted  
by  the  presence  of incomple te  fetal  resorpt ions.  These 
fetal  dea ths  p robab ly  occurred in  the  la t te r  half  of pre-  
gnancy  since in s imilar  (but no t  identical)  expe r imen t s  of 
KETCHEL et al. ~ l i t te r  size was observed to be normal  a t  
day  eleven of ges ta t ion.  

As in the  p re sen t  s tudy,  LANGFORO et al. ~~ observed  
smal ler  l i t ters  a t  t e r m  in p lacen ta l  homogena t e  t r ea t ed  
ra ts  bu t  these  au thors  did no t  repor t  on fetal  or p lacen ta l  

size. The abnorma l  fe ta l /p lacenta l  weigh t  rat io observed 
ill our expe r imen t s  was due main ly  to increased p lacenta l  
mass  which p robab ly  resul ted  f rom the  smaller  l i t ter  size. 
According to  s tudies  in mice, p lacenta l  size wi th in  a given 
s t ra in  is inversely  re la ted  to  l i t ter  size 11. 

The cause of the  reduced n u m b e r  of l ive-born fetuses per  
l i t ter  i n  the  ra ts  t r ea t ed  wi th  p lacenta l  homogena te  in 
F r eu n d ' s  a d j u v a n t  before p regnancy  is no t  clear. OKUDA 
and GROLLMAN found t h a t  th is  t r e a t m e n t  resul ted  in ra t s  
(non-pregnant)  showing k idney  glomerular  lesions similar  
to those  observed in h u m a n  toxemia  of pregnancy.  An 
increased incidence of in t rau te r ine  fetal  ma lnu t r i t i on  has  
been no ted  in the  la t t e r  condi t ion  2,1~ and  it m a y  be due 
to  an i m p a i r m e n t  of u te rop lacen ta l  c irculat ion for which 
evidence has been observed by  a n u m b e r  of invest iga-  
torsla-~0. I t  is possible t h a t  a d i s tu rbance  in renal  func- 
t ion ill a species which normal ly  has m a n y  fetuses per  
p regnancy  m a y  resul t  in a reduc t ion  in l i t ter  size by  
causing metabol ic  d i s tu rbances  which would u l t ima te ly  
adverse ly  affect  u te rop lacen ta l  blood flow. 

Rdsumd. L'ef fe t  d ' u n  t r a i t e m e n t  immunolog ique  sur la 
grossesse du ra t  a 6t6 6tudi6. Les an i mau x  du groupe 
exp6r imenta l  out  re~u 8 in jec t ions  d ' homog6na t  placen-  
ta i re  /~ raison de deux par  mois, puis out  6t6 accoupl6s. 
Apr6s 21 jours de grossesse il y avai t  moins  de f6tus n6s 
v ivan t s  que dans  le groupe t6moins  non- t ra i t6 ;  le poids  
des I6tus en vie 6tait  en g6n6ral normal  mais  on a not6 
une a u g m e n t a t i o n  signif icat ive de la masse p lacenta i re  
par  r ap p o r t  au groupe t6moin.  
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