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R e s p o n s e  of  H u m a n  P r i m a r y  F o r e s k i n  C e l l s  to  a 

Mammal i an  t issues conta in  homeos ta t i c  cont ro l  mecha-  
n isms which  regulate  cell mul t ip l ica t ion,  and  one  such 
mechan i sm has been  shown to  func t ion  in vivo in skin via  
a mi to t ic  inh ib i to ry  mater ia l  p roduced  by  skin 2. This  
mater ia l  has  been  par t ia l ly  pur i f ied and  is t h o u g h t  to  be 
a basic g lycoprote in  which funct ions  in complex  wi th  
adrenal in  and  poss ib ly  hydrocor t i sone ,  and is t issue spe- 
cific and species nonsPecific a 5. 

Considerable  work  has been done to  d e m o n s t r a t e  th is  
inh ib i to ry  effect  on in vivo ep idermal  mi toses  in t he  
mouse  6, 7 and  r abb i t  s. W i t h  the  except ion  of IVERSEN'S 9 
organ cul ture inves t iga t ion  on mi to t i c  ac t iv i ty  in h u m a n  
skin, no expe r imen t s  have  examined  the  effects of skin 
ex t rac t s  on h u m a n  p r ima ry  skin ceils in culture.  In  th is  
regard,  cul tures of h u m a n  p r i m a r y  foreskin cells have  
been  used to  inves t iga te  the  effects  of an ex t r ac t  ob ta ined  
f rom skin on the  growth  and division of skin cells. As 
p r ima ry  cell cul tures  of ten re ta in  the  basic character is t ics  
of the i r  t issues of originS~ n,  such a sys tem migh t  be 
useful in assessment  of cell g rowth  inf luencing factors  in 
ex t rac t s  of skin. 

Procedure. Monolayer  cul tures of h u m a n  p r ima ry  fores- 
kin cells ob ta ined  f rom the  Nava l  Biological Labora tory ,  
Alameda,  California were used in all exper iments .  Ceils 
were cu l t iva ted  in Eagle ' s  Min imum Essent ia l  Medium 
(with Ear le ' s  salts), supp l emen ted  wi th  10% fetal  calf 
se rum and  ant ib iot ics  (penicillin: 50 uni t s /ml ;  s t rep to-  
myc in :  50 txg/ml). Cultures were ma in t a ined  at  37 ~ and 
suppl ied wi th  fresh med ium every  3rd day. Stock p r ima ry  
cul tures were passaged be tween  the  2nd and 3rd day  af ter  
reaching conf luency in to  250 ml  Falcon t issue cul ture 
flasks a t  a seeding concen t ra t ion  of 7.5-10.0 • 105 cells 
per  f lask wi th  25 ml  of med ium (3-4 • 104 cells/ml). For  
all exper iments ,  cul tures were seeded into 30 ml  Fa lcon 
t issue cul ture flasks a t  a concen t ra t ion  of 3 • 10~ ceils per  
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flask in 8 ml  of med i u m (3.75 • 104 cells/ml). The percent -  
age of cells in mitosis  were de t e rmined  f rom visual  counts  
of mi to t ic  cells p resen t  in 15 r an d o ml y  selected fields 
using inver ted  phase  con t ras t  microscopy.  Cells were releas- 
ed f rom the  Falcon t issue cul ture flasks w i th  a 0.03% 
t ryps in  (in ca lc ium-magnes ium free p h o s p h a t e  buffered 
saline) solution.  Cell number s  and cell vo lumes  were  
de te rmined  wi th  a Coulter Counter  (Coulter Electronics ,  
Hialeah,  Florida) connec ted  to a mul t i channe l  pulse- 
he igh t  analyzer.  T r y p a n  blue dye  exclusion was used to  
tes t  viabi l i ty.  

The exper imen ta l  med i u m conta ined  skin ex t r ac t  a t  a 
concen t ra t ion  of 1.0 mg p ro t e in /ml  and adrenal in  a t  a 
concen t ra t ion  of 2.5 • 10 -6 mg/mI.  Skin ex t rac t  was  
p repa red  f rom ra ts  in the  following way:  immed ia t e ly  
af ter  sacrifice the  hai r  was plucked,  the  skin dissected,  
cut  into small  strips,  frozen wi th  d ry  ice, and  processed 
t h ro u g h  a Universa l  m e a t  grinder.  Cold physiological  
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z.o- .~ ~z A. Changes in cell volume, mitotic index and cell num- 
ber for control human foreskin cells. Data points in- 
dicate the mean and standard deviation obtained 
from the measurement of 5 flasks per time interval. 

B. Changes in cell volume, mitotic index and cell num- 
ber of human foreskin cells grown in medium contai- 
ning skin extract (1.0 mg protein/ml) and adrenalin 
(2'5 • 10 -8 mg/ml). Data points represent the mean 
and standard deviation obtained from the measure- 
ment of 5 flasks per time interval. 
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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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