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selverschiebung geht anscheinend mit  dem Grad der 
Malignit~it einher. Der Ausfall oxydativer Energiegewin- 
nung wird rein quant i ta t iv  wohl durch die Erh6hung der 
glykolytischen Milchs/iurebildung kompensiert. WAR- 
BURG ~ abet bezeichnete die glykolytisch gewonnene 
Energie als morphologisch minderwertig. Auch der Ver- 
fasser geht in den nachstehend geschilderten Experimen- 
ten vonde r  Idee aus, es k6nnte ein ,Qualit/~tsunterschied ~> 
von glykolytischer (plasmatischer) und oxydativer  (mito- 
chondriaIer) Energiegewinnung vorliegen, woraus even- 
tuell ein Energiedefizit in der Tumorzelle resultiert. 

Aale, die Haut tumoren aufwiesen, wurden mehrere 
Wochen lang zungchst mit  niedrigen Konzentrationen 
(1 raM/l) yon anorganischem Diphosphat (Na4P2OT, PPi) 
behandelt, das nach BALTSCHEFFSKY s wie ATP und 
andere organische Phosphate in der Zelle als Energie- 
donator fungiert. Das PPi wurde dabei lediglich dem 
H'~tlterungswasser zugesetzt. Nach 3- bis 6w6chiger Be- 
handlung ist bet einem Tell der Tumoren ein Ansatz zu 
vermehrter Schleimzellenbildung zu beobachten. In sel- 
tenen Fallen haben sich sogar Nester yon dichtgedr~ingten, 
wenn auch relativ kleinen Schleimzellen entwickelt; in 
unbehandelten Tumoren treten Schleimzellen lediglich 
vereinzelt auf. Wenn sich dieser Befund in weiteren Ver- 
suchen best~tigen 1/isst, k6nnte man das als eine erh6hte 
Differenzierungsleistung des Tumorgewebes durch zus/itz- 
Iiche Energieversorgung deuten. 

In parallel laufenden Experimenten wurde die PPi- 
Nonzentration schrittweise jeweils im Abstand mehrerer 
Tage yon 1 mM/1 bis maximal 4 mM/1 gesteigert. Dabei 
kommt es manchmal schon nach ether ersten Konzew 
trationssteigerung auf 2 mM/1 innerhalb yon 1 bis 3 
Tagen zu einer Zerst6rung des Tumors. Die Tumoren 
schilfern Stiick fiir Stiick ab, kleinere Tumoren (his 
10 mm ~) werden auch als Ganzes abgestossen. ]3eson- 
ders bet gr6sseren Tumoren zeigt sich zuvor eine gelatin6se 
Verquellung der Tumoroberfl~tche als Ausdruck einer Very 
fliissigung des Gewebes (Kolliquationsnekrose). In der 
entstehenden Wunde bleiben racist einige Reste epider- 
malen Tumorgewebes, yore Bindegewebe umsponnen und 
festgehatten, zuriick. Blasig aufgetriebene Zellkerne und 
Lockerung des Gewebeverbandes weisen auf den angegrif- 
fenen Zustand dieser epidermalen Tumorreste hin. Das 
sp~ttere Narbengewebe neigt zu einer Erneuerung des 
Tumors (Rezidivbildung). 

Im bindegewebigen Stroma sowie im benachbarten 
Bindegewebe hat  sich besonders w~ihrend der Zerst6rung 
des Tumors ein zellenreiches Material angesammelt. 

Hierzu geh6ren vorwiegend kleine Lymphozyten, Makro- 
phagen und indifferente Bindegewebsk6rper. Das epider- 
male Tumorgewebe ist yon kleinen Lymphozyten reich- 
lich infiltriert. 

Drei Interpretationsm6glichkeiten bieten sich fiir die 
Abstossung der Tumoren durch PPi-Einwirkung an. 
1. Die zus~itzliche Energiezufuhr erh6ht die Differenzie- 
rungsleistung der Tumorzelle und damit  die AusprXgung 
yon Oberfl/~chenstrukturen, such yon tumorspezifischen 
Antigenen, sogenannten Neoantigenen. Daraus resultiert 
eine intensive Immunreaktion, die zur Zerst6rung des 
Tumors fiihrt. 2. PPi wirkt als Adjuvans, es kommt also 
zu ether allgemeinen Aktivit~ttsverst~trkung des immun- 
kompetenten Systems. 3. H6here Konzentrationen yon 
PPi  wirken sich toxisch aus, wobei Tumorgewebe emp- 
findlicher reagiert als normales Gewebe. Die Anreicherung 
immunkompetenter  Zellen w/~re dann nicht Ursache, son- 
dern Folge der Tumorzerst6rung. 

Summary. Eels with dermal tumors, consisting mainly 
of undifferentiated epidermal cells, have been treated 
with inorganic diphosphate. Depending on concentration 
of the diphosphate used, the tumors show either an 
increased number of mucous cells or they are repelled. 
In the adjacent tissue of the cutis, during these processes, 
a great number of lymphocytes and Inacrophages are 
found. Three possibilities are offered to explain these 
facts, the most important  of which is that  the diphos- 
phate increases the ab i l i ty  of the tmhor cells to redif- 
ferentiate. Consequently, formation of tumor specific 
antigens is induced, as a result of which the tumor is 
destroyed by an immunbiological reaction. 
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The Destruction of Lymphoma Cells by Activated Human Lymphocytes 

Human lymphocytes are mitotically activated by cul- 
ture with leucocytes of another donor 1. The degree of 
activation has been shown to be completely dependent 
upon HL-A determined incompatibility=. The intensity 
of the stimulation is also dependent on the nature and 
metabolic state of the cell on which the antigen is 
presented. Thus viable fibroblasts are ineffective as 
stimulant ceils despite the fact that  HL-A antigens 
have been shown to be present on their surfaceS; lympho- 
blasts are more effective as stimulant ceils than small 
lymphocytes from which they have been derived r and 
disrupted lymphocytes are inactive 3,~. Of all ceil types 
tested one was outstandingly potent viz. ceils from 
Burkitt  lymphoma and other lymphoid cell lines 6 Trans- 
plantation and other antigens appear to be peculiarly 

effective in stimulating human peripheral lymphocytes 
when they are presented on nletabolically active human 
lymphoid cells. 

Activated human lymphocytes are known to be cyto- 
toxic towards some other human cells (e.g. Chang liver 
cells) in tissue culture 7. Cytotoxic capability is a property 
only of immunocompetent  lymphocytes; leukaemic lym- 
phocytes and ceils from Burkit t  lymphoma cell lines have 
been shown not to possess this property s and it is very 
probable that  cells of all continuously growing lymphoid 
cell lines lack immunocompetence, whatever their deriva- 
tion. Immunocompetent  cells are not thenlselves readily 
destroyed by lymphocyees of another donor; destruction 
is barely detectable in normal mixed lymphocyte cul- 
tures 9. HOLM s could not detect damage to lymphocytes 
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Table I. Cytotoxic activity of st imulated and unst imulated human  
lymphocytes on cells from a lymphoid cell line 

Release of 51Cr from EB2 cells 
Source Irradiated labelled with 61Cr 
of lymphocytes cells present 
and during pre- Test Red cell Incubation 
No. of ceils incubation control period (h) 

Hmllan cord 106 EB2 53 12 6 
Blood none 32 15 6 
No. 22 106 EB2 63 19 23 
2 • 106 cells none 42 21 23 

Irradiated EB2 cells received 6000 r of X-irradiation. The incubation 
period before addition of 61Cr-labelled EB2 cells (we-incubation) 
was 3 days. During the 24 h period from day 3 to day 4 the SH- 
tbymidine incorporation of the st imulated lymphocytes was 38,896 
dpm and of unst imulated Igmphocytes 5148 dpm. The 6H-thymidine 
added was 0.5 txci of specific activity 150 mei/mM. 

Table II. Cytotoxic action of cord blood lymphocytes activated 
with various st imulants 

Culture Stimulant  aH-thy- 61Cr release 
medium added midine from 6~Cr-EB2 

incor- 
poration Test Control 
(dpm) 

Eagle's none 2,795 21.7 16.6 
medium irradiated EB2 (5 • 10 ~) 14,190 53.2 14.3 
containing irradiated EB2 (106) 37,293 42.9 15.8 
20% human  irradiated EB2 (5 • 10 a) 11,975 24.1 14.7 
serum PHA (30 ~g/ml) 12,626 14.2 15.4 

SF (1 in 10) 7,506 20.3 14.6 

Eagle's none 6,915 25.5 14.5 
medium irradiated EB2 (5 • 106) 14,266 47.0 13.6 
containing irradiated EB2 (105) 24,730 42.3 14.4 
20% foetal irradiated EB2 (5 • 104) 12,960 29.8 14.8 
Boviue PHA (30 lxg]ml) 8,784 14.9 14.6 
serum SF (1 in 10) 9,022 25.1 13.9 

The phytohaemagglutinin (PHA) was a commercial preparation 
obtained from Burroughs Welleome and Co. Staphylococcal filtrate 
(SF) was a filtrate of a culture of Staphylococcus aureus grown in 
199 medium s. The incubation period for the 61Cr release was 7 h. 
When set up cultures contained 2 • 106 lymphocytes in 1 ml of 
medium. Control cultures contained equivalent numbers of red ceils 
bu t  no lympboeytes, aH-thymidine measurement  as for Table I, 
bu t  from day 5 to day 6. 

e x p o s e d  t o  a 100-fo ld  e x c e s s  of  a l l o g e n e i c  t y m p h o c y t e s  
for  u p  to  72 h.  S ince  h u m a n  l y m p h o c y t e s  a r e  so  m a r k e d l y  
a c t i v a t e d  b y  cells  f r o m  l y m p h o i d  cell  l i nes  i t  w a s  t h o u g h t  
t h a t  t h e y  m a y  h a v e  a c o r r e s p o n d i n g l y  m a r k e d  c a p a c i t y  
for  d e s t r o y i n g  t h e s e  l y m p h o i d  cells.  T h e  fo l l owing  e x p e r i -  
m e n t s  i n d i c a t e  t h a t  t h i s  is i n d e e d  t h e  case .  

Materials and methods. B u r k i t t  l y m p h o m a  cell  l i nes  
E B 2  a n d  E B 4 ,  o b t a i n e d  f r o m  P ro f .  M. A.  EPSTEIN ill 
M a y  1968, h a v e  b e e n  r o u t i n e l y  m a i n t a i n e d  in  s t a t i o n a r y  
c u l t u r e s  in  E a g l e ' s  m e d i u m  c o n t a i n i n g  2 0 %  b o v i n e  
s e r u m .  I r r a d i a t e d  s u s p e n s i o n s  we re  p r e p a r e d  b y  r e s u s -  
p e n d i n g  t h e  cells,  a f t e r  c e n t r i f u g a t i o n ,  in  E a g l e ' s  m e d i u m  
c o n t a i n i n g  2 0 %  p o o l e d  h u m a n  s e r u m  a n d  e x p o s i n g  t o  
6000 r of  X - r a y s  6. B l o o d  l y m p h o c y t e s  s u s p e n d e d  in  t h e  
s a m e  m e d i u m  a t  2 •  p e r  m l  we re  o b t a i n e d  f r o m  
d e f i b r i n a t e d  h u m a n  a d u l t  or  co rd  b l o o d  a f t e r  s e d i m e n t a ,  
t i o n  of  t h e  m a j o r i t y  of  t h e  r e d  cel ls  w i t h  g e l a t i n  a 

A l i q u o t s  of  t h e  b l o o d  l y m p h o c y t e  s u s p e n s i o n s  (1 ml) 
were  c u l t u r e d  in  a n  a t m o s p h e r e  of  5 %  CO 2 in  a i r  for  
s e v e r a l  d a y s  in  7 . 6 •  1.27 c m  r o u n d  b o t t o m  g l a s s  t u b e s  
w i t h  or  w i t h o u t  t h e  a d d i t i o n  of  i r r a d i a t e d  E B  cells.  
C o n t r o l s  we re  s e t  u p  c o n t a i n i n g  t h e  s a m e  n u m b e r  of  t h e  
d o n o r ' s  r e d  cel ls  b u t  n o  l y m p h o c y t e s .  T h e  c y t o t o x i c  
p o t e n t i a l  of  t h e  c u l t u r e d  cel ls  w a s  t h e n  a s s e s s e d  b y  a 
c h r o m i u m  r e l ea se  t e c h n i q u e  10. A v o l u m e  of  0.5 iill w a s  
r e m o v e d  f r o m  t h e  c u l t u r e  f lu id  in  e a c h  t u b e  t a k i n g  c a r e  
n o t  t o  d i s t u r b  t h e  cells  a t  t h e  b o t t o m .  I t  w a s  r e p l a c e d  
b y  o. 5 m t  of  m e d i u m  c o n t a i n i n g  10 s n o n - i r r a d i a t e d  E B  cel ls  
w h i c h  h a d  b e e n  l abe l l ed  b y  i n c u b a t i o n  w i t h  5 1 C r - c h r o m a t e  
(1 ~ci  p e r  106 cells) for  24 h .  A f t e r  a p e r i o d  of  i n c u b a t i o n  
w i t h  51Cr-label led cells  t h e  c u l t u r e  t u b e s  w e r e  c e n t r i f u g e d  
a n d  t h e  51Cr p r e s e n t  in  s u p e r n a t e  a n d  d e p o s i t  c o u n t e d .  
F r o m  t h e  t w o  c o u n t s  t h e  p e r c e n t a g e  r e l e a s e d  w a s  cal-  
c u l a t e d .  Al l  r e s u l t s  a r e  m e a n s  of  t r i p l i c a t e s .  

Results and discussion. L y m p h o c y t e s  w h i c h  h a d  b e e n  
s t i m u l a t e d  w i t h  i r r a d i a t e d  E B  cells  we re  m a r k e d l y  c y t o -  
t o x i c  to  cel ls  o f  t h e  s a m e  t y p e  (Tab l e  I).  U n s t i m u l a t e d  
cel ls  w e r e  m u c h  less  c y t o t o x i c  b u t  u s u a l l y  p r o d u c e d  a 
m e a s u r a b l e  c y t o t o x i c  e f fec t .  T h e  c y t o t o x i c  r e a c t i o n  w a s  
a r a p i d  o n e  r e a d i l y  d e m o n s t r a b l e  o v e r  a 4 - 6  h p e r i o d  a n d  
w a s  a f i r s t - o r d e r  r e a c t i o n  w i t h  r e s p e c t  t o  c o n c e n t r a t i o n  
of  l a b e l l e d  E B  cells.  N o  c y t o t o x i c  a c t i v i t y  w a s  f o u n d  in  
s u p e r n a t e s  of  E B  c e l l - l y m p h o c y t e  m i x t u r e s .  S i m i l a r  
c h a r a c t e r i s t i c s  h a v e  b e e n  r e p o r t e d  for  o t h e r  l y m p h o c y t e -  
t a r g e t  cel l  s y s t e m s  T,11, ~2. T h e  a c t i v a t e d  l y m p h o c y t e s  
p r o b a b l y  e x e r t  a d i r e c t  c y t o t o x i c  e f f ec t  o n  t h e  E B  cells.  
I t  is u n l i k e l y  t h a t  t h e  e f f ec t  is s i g n i f i c a n t l y  a u g m e n t e d  
b y  a f a c t o r  in  h u m a n  s e r u m  c o m p a r a b l e  t o  t h a t  d e s c r i b e d  
for  C h a n g  l ive r  cel ls  ~3. T h e  ce l l u l a r  c y t o t o x i c  r e a c t i o n  

Table III. Cytotoxic action of cord blood lymphocytes st imulated 
with X-irradiated EB2 or Jiyoye cells 

Source of Irradiated aH-thy- % 61Cr release 
lymphocytes cells midine when incubated with 
and present incor- 
No. of ceils during poration ~ICr-EB2 61Cr-Jiyoy e 

pre- (dpm) Test Control Test Control 
incubation 

Human  none 5,022 13.6 11.5 14.9 14.3 
Cord blood 106 EB2 39,072 29.8 - 25.6 13.2 
No. 30 106 EB2 4,427 36.7 12.1 15.7 13.3 
2 • 106 cells 106 Jiyoye 37,550 21.8 12.9 15.5 12.8 

10 * Jiyoye 32,435 36.0 12.1 21.9 14.0 

Incubation period for 51Cr release = 6 h. Cells were cultured for 
6 days prior to the addition of 61Cr labelled cells, aH-thymidine 
incorporation as for Table I, but  from day 5 to day 6. 
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could be  o b t a i n e d  as readi ly  w h e n  b o t h  t he  a c t i v a t o r y  
a n d  cy to tox ic  s tages  of t he  r eac t ion  were pe r fo rmed  in 
m e d i u m  con ta in ing  foeta l  calf  s e rum ins tead  of h u m a n  
se rum (Table  II) .  

I t  was  expec ted  t h a t  l y m p h o c y t e s  a c t i v a t e d  b y  s t imu-  
l an t s  o the r  t h a n  i r r ad i a t ed  E B  ceils m i g h t  be  cy to tox ic  
to  E B  ceils in  v iew of t he  r epor t s  t h a t  l y m p h o c y t e s  
a c t i v a t e d  b y  a v a r i e t y  of s t i m u l a n t s  are cy to tox i c  to  
Chang  l iver  cells 7, s. I n  pract ice ,  l y m p h o c y t e s  s t i m u l a t e d  
w i t h  p h y t o h a e m a g g l u t i n i n  or s t aphy lococca l  f i l t r a te  
p r o v e d  to be  m u c h  less cy to tox ic  to  E B  cells t h a n  l y m p h o -  
cytes  of t he  same donor  s t i m u l a t e d  w i t h  i r r ad i a t ed  E B  
cells (Table  II) .  The  resul t s  m a y  ind ica te  t h a t  some 
specif ic i ty  of t he  i nduc ing  agen t  is required.  L y m p h o -  
cytes  a c t i v a t e d  w i t h  a h igh  dose (106) of i r r ad i a t ed  E B  
ceils were more  cy to tox ic  t h a n  l y m p h o c y t e s  a c t i v a t e d  
w i t h  a low dose (105) even  t h o u g h  t h e  level  of D N A  
syn thes i s  measu red  was g rea te r  w i t h  t h e  smal le r  dose. 
However ,  t he  specif ic i ty  seems to  be  l imi ted .  L y m p h o -  
cytes  s t i m u l a t e d  w i t h  e i the r  E B 2  cells or J iyoye  cell 
l ine cells showed no d i f fe ren t ia l  k i l l ing effect  t o w a r d s  
t he  two cell t ypes  (Table  I I I ) .  W e  are c u r r e n t l y  inves t i -  

ga t ing  ti le ques t ion  of specif ici ty  emp loy ing  o the r  celt 
l ines 14. 

Rdsumd. Les l y m p h o c y t e s  frais  du  sang  h u m a i n ,  apr6s  
cu l tu re  avec  des cellules l ympho ides  de lign6es con t inues  
expos6es aux  r ayons  X, p e u v e n t  t ue r  ces cellules ou celles 
d ' u n e  au t r e  lign6e lymphoide .  Les  l y m p h o c y t e s  h u m a i n s  
s t imul6s  p a r  cu l tu re  avec  la  p h y t o h a e m a g g l u t i n i n e  n ' o n t  
pas  cet  effet. 
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T h e  I n d u c t i o n  of  C o n g e n i t a l  A b n o r m a l i t i e s  in  M i c e  b y  M e a n s  of  H e t e r o l o g o u s  A n t i - M o u s e  P l a c e n t a  

S e r u m  1 

The  p r o d u c t i o n  of congen i t a l  m a l f o r m a t i o n s  a f t e r  t h e  
in jec t ion  of he te ro logous  a n t i - r a t  k i d n e y  sera  in to  p r e g n a n t  
r a t s  and  mice was r epo r t ed  b y  d i f fe ren t  au thors2-% 
Simi la r  resul t s  were o b t a i n e d  in r a t s  us ing  he te ro logous  
a n t i - r a t  p l a c e n t a  sera  7, s 

This  p a p e r  is concerned  w i t h  t h e  effect  of 2 d i f fe rent  
forms of he te ro logous  a n t i - p l a c e n t a  sera in mice :  aga ins t  
f resh and  lyophi l ized  p l acen t a l  t i ssue  and  t h e  possible  
mod i f i ca t ion  of t h i s  effect  p roduced  b y  a b s o r p t i o n  of t he  
an t i s e ra  w i t h  mice  blood, a lways  p r e s en t  in  t he  an t i -  
genic t i s s u e s .  

The  in te res t  of s t u d y i n g  t h i s  t e r a togen ic  effect  in  mice 
is s t ressed b y  the  obse rva t ions  a b o u t  t he  presence  of 
spon t aneous  congen i t a l  m a l f o r m a t i o n s  in i nb red  an i ma l s  9. 

Material and methods. A d u l t  female  Swiss a lb ino  mice  
weighing  25-30 g were m a t e d  overn igh t .  Vag ina l  c o n t e n t  
was  checked  eve ry  m o r n i n g  a n d  t h e  day  in w h i c h  a 
p lug  was  found  was cons idered  as day  0 of p regnancy .  
An ima l s  were sacr i f iced on  days  14, 16 or 18 and  t h e  
dissected p l acen ta s  were weighed.  Al iquo ts  of t he  3 ages 
were pooled, homogene ized  in an  equa l  vo lume  of sal ine 
in a cooled Vir t i s  homogeneizer .  A p a r t  of th i s  homo-  
gena te  was used as an t i gen  w i t h o u t  f u r t h e r  t r e a t m e n t  
(fresh p lacen ta ) .  A n o t h e r  p a r t  was  lyophi l ized and  s tored 
in a freezer  a t  - -  25 ~ W h e n  used, i t  was r e c o n s t i t u t e d  
w i t h  dist i l led wa te r :  1 ml  for each  100 m g  of powder  
( lyophi l ized p lacenta) .  

15 New Zea land  adu l t s  r a b b i t s  were used for t he  pre-  
p a r a t i o n  of ant isera .  6 of t h e m  were in jec ted  w i t h  f resh  
p lacen ta ,  6 w i t h  lyophi l ized  p lacen ta ,  i w i t h  mice  serum, 
1 w i t h  mice  red  cells a n d  1 w i t h  mouse  whole  blood. All 
r a b b i t s  were i m m u n i z e d  w i t h  i n t r a d e r m i c  in jec t ions  of 
1 ml  of an t igen  emulsi f ied in  equa l  vo lumes  of F r e u n d ' s  
comple te  a d j u v a n t  1~ Boos te r  in jec t ions  of an t i gen  a lone  
were g iven  usua l ly  a t  15 day  in t e rva l s  and  b y  d i f fe ren t  
routes ,  d u r i n g  a per iod  of 3-6  m o n t h .  All sera o b t a i n e d  
du r ing  and  a f t e r  i m m u n i z a t i o n  per iod  were stored" a t  
-- 25 ~ 

Tes t ing  of an t i s e r a  was done  b y  i m m u n o d i f f u s i o n  11 
a n d  a pass ive  h e m a g g l u t i n a t i o n  t e s t  1~. I n  b o t h  tech-  

niques,  t he  p l a c e n t a l  an t igen  was the  same  suspens ion  
used for sens i t iza t ion ,  excep t  t h a t  i t  was  cen t r i fuged  a t  
3500g for 90 m i n  a t  4~ The  p ro t e in  c o n c e n t r a t i o n  in  
t he  s u p e r n a t a n t  Was m e a s u r e d  accord ing  to  WADELL 13 
a n d  ad ju s t ed  to t he  c o n c e n t r a t i o n  of 10 mg/ml .  An t i -  
bodies  aga ins t  mouse  blood, p re sen t  in  t he  a n t i  p l a c e n t a  
sera  were r e m o v e d  a f te r  i n a c t i v a t i o n  a t  56 ~ for 30 min ,  
i n c u b a t e d  w i t h  hepa r in i zed  mouse  b lood (0.2 m l / m l  an t i -  
sera) for 60 m i n  a t  37 ~ in a wa te r  b a t h  w i t h  c o n s t a n t  
ag i ta t ion ,  and  o v e r n i g h t  a t  4 ~ The  m i x t u r e  was cen- 
t r i fuged  a t  2500g for 30 min.  The  s u p e r n a t a n t  was  
separa ted ,  checked b y  i m m u n o d i f f u s i o n  in presence  of 
p l acen t a l  an t i gen  and  mouse  s e rum and  s tored  a t  - -  25 ~ 

5 groups  of e x p e r i m e n t s  were pe r fo rmed  as shown  in 
t he  Table.  Age of p regnanc ies  was e s t ab l i shed  b y  t he  
vag ina l  p lug  m e t h o d  as descr ibed above.  An t i s e r a  were 
in jec ted  i.v. in  t he  tail .  A single in j ec t ion  of 1 ml/100 g 
body  we igh t  was  g iven  to  each  an imal .  I n j ec t ed  females  
were m a i n t a i n e d  in i so la t ion  w i t h  food and  w a t e r  ad  
l i b i t u m  and  sacrif iced on  t h e  18 t h  day  of p r e g n a n c y  b y  
exsangu ina t ion .  U te r ine  ho rns  were exposed and  imp lan -  
t a t i o n  si tes were regis t red.  Fe tuses  were sepa ra t ed  and  
inspec ted  for ex t e rna l  ma l fo rma t ions .  
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