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Table IV. Mitostatic activity of B 31 on mouse bone marrow cells in vivo 
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No. of mice Compound Lethality at 
injected i.p. the 3rd day 
(one single dose, 
nlg/ml) 

Mitoses % ~ (mean values of 2 mice) after 

2 hours 6 hours 18 hours 

Total P M A T Total P M A T Total P M A T 

6 --  0 
6 B 31 3000 5 
6 B 31 1000 0 
6 B 31 333 0 
6 Vinblastine 10 6 

11.5 3.0 4.5 2.5 1.5 n.d. n.d. 
n.d. n.d. n.d. 

53 16.5 35.5 1 0 71 22 44.5 2.2 2.3 28.5 13 13.5 1 1 
30.5 9.2 16.3 3 2 40 12.5 23.5 3 1 14 4 6 2 2 
92 13 76 2 1 105 17 88 0 0 60 10 50 0 0 

n.d., not  determined. 

(Tab l e  I).  U p o n  d r u g  r e m o v a l  f r o m  t h e  m e d i u m ,  t h e  
m i t o s t a t i c  e f f ec t  of  B 31 is eas ie r  t o  r e v e r s e  t h a n  that of 
v i n b l a s t i n e  a (Tab l e  I I ) .  P r e l i m i n a r y  t e s t s  o n  s t r u c t u r e -  
a c t i v i t y  r e l a t i o n s h i p  h a v e  s h o w n  t h a t  c o m p o u n d s  s u c h  
as  4, 6 - d i m e t h y l - 2 - a m i n o - 4 - m e t h o x y p h e n y l p y r i m i d i n e  (B 
33), 2 - a m i n o - 3 , 4 ,  5 - t r i m e t h o x y p h e n y l p y r i m i d i n e  (B 28) 
a n d  5 - m e t h y l - 2 - a m i n o - 3 , 4 , 5 - t r i m e t h o x y p h e n y l p y r i m i d i -  
n ~ ' ( B  32) h a v e  v e r y  l i t t l e  o r  n o  m i t o s t a t i c  e f f ec t  o n  
H E p 2  cel ls ,  e v e n  a t  t h e  m a x i m u m  n o n - t o x i c  c o n c e n t r a -  
t i o n s  fo r  i n t e r k i n e t i c  ce i ls  (T ab l e  I I I ) .  T h e s e  d a t a  i n d i c a t e  
t h a t  t h e  m i t o s t a t i c  e f f ec t  of  B 31 ca l l s  for  a t r i m e t h o x y -  
p h e u y l  r i n g  a n d ;  in  a d d i t i o n ,  for  m e t h y l  g r o u p s ,  p o s s i b l y  
in  e i t h e r  o r  b o t h  4, 6 p o s i t i o n s  in  t h e  p y r i m i d i n e  m o i e t y .  

I n j e c t e d  i .p .  in  m ice ,  B 31 h a s  a c l ea r  m i t o s t a t i c  e f f ec t  
o n  b o n e  m a r r o w  cells .  T h i s  in  v i v o  e f fec t ,  h o w e v e r ,  is  f a r  
less  p r o n o u n c e d  t h a n  t h a t  o b s e r v e d  in  v i t r o ,  a n d  is 
p r o d u c e d  o n l y  b y  h i g h  d o s e s  of  B 31 ( T a b l e  IV) .  

R e s e a r c h  is in  p r o g r e s s  t o  e s t a b l i s h  w h e t h e r  a n d  w h i c h  
m o d i f i c a t i o n s  in  t h e  B 31 s t r u c t u r e  m a y  e n h a n c e  t h e  
m i t o s t a t i c  e f fec t .  A t  p r e s e n t ,  B 31 c a n  be  c o n s i d e r e d  as  
a p r o m i z i n g  too l  for  cel l  s y n c h r o n i z a t i o n .  

a G. E. MALAWISTA and K. G. BENSCH, Science 756, 521 (1967). 

E p i d e r m a l  G r o w t h  Fac tor  E n h a n c e m e n t  of Skin  T u m o r  I n d u c t i o n  in Mice  
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Summary. S u b c u t a n e o u s  i n j e c t i o n  of e p i d e r m a l  g r o w t h  f a c t o r  1. s i g n i f i c a n t l y  s h o r t e n e d  t h e  l a t e n c y  p e r i o d  fo r  t h e  
a p p e a r a n c e  of  m e t h y l c h o l a n t h r e n e  i n d u c e d  s k i n  t u m o r s  a n d  2. i n c r e a s e d  t h e  a v e r a g e  n u m b e r  of  p a p i l l o m a s  e l i c i t ed  
p e r  m o u s e  in  b o t h  t h e  S wi s s  W e b s t e r  a n d  C 3 H e B / F e J  s t r a i n s .  

A n u m b e r  o f  a g e n t s  w h i c h  s t i n m l a t e  h y p e r p l a s i a  in  
t a r g e t  t i s s u e s  h a v e  b e e n  f o u n d  t o  e n h a n c e  t h e  t u m o r i -  
g e n i c i t y  of  c h e m i c a l  c a r c i n o g e n s  in  t h e s e  t i s s u e s .  F o r  
e x a m p l e ,  in  t h e  r a t  m a m m a r y  g l a n d  s y s t e m  t h e  i n d u c t i o n  
of  t u m o r s  b y  c o m b i n e d  a d m i n i s t r a t i o n  of  t h e  c h e m i c a l  
c a r c i n o g e n  m e t h y l c h o l a n t h r e n e  (MCA),  a n d  p r o l a c t i n ,  a 
p r o t e i n  h o r m o n e ,  h a s  b e e n  we l l  c h a r a c t e r i z e d  ~. N e i t h e r  
M C A  n o r  p r o l a c t i n  a d m i n i s t e r e d  i n d i v i d u a l l y  c o u l d  
p r o d u c e  m a m m a r y  t u m o r s  a t  t h e  c o n c e n t r a t i o n s  u s e d .  

A v a r i e t y  of  p h y s i c a l  a n d  c h e m i c a l  a g e n t s  4 8, w h i c h  
h a v e  in  c o m m o n  t h e  a b i l i t y  t o  s t i m u l a t e  e p i d e r m a l  
h y p e r p l a s i a ,  h a v e  b e e n  r e p o r t e d  to  p r o m o t e  t h e  i n d u c t i o n  
of  s k i n  t u m o r s  b y  c h e m i c a l  c a r c i n o g e n s .  E p i d e r m a l  g r o w t h  
f a c t o r  ( E G F ) ,  i s o l a t e d  f r o m  t h e  m o u s e  s u b m a x i l l a r y  
g l a n d ,  is a p o l y p e t i d e  g r o w t h  f a c t o r  w h i c h  s t i m u l a t e s  
e p i d e r m a l  g r o w t h  w h e n  i n j e c t e d  i n t o  n e o n a t a l  m i c e  9 a n d  
e p i t h e l i a l  c e l l u l a r  p r o l i f e r a t i o n  w h e n  a d d e d  t o  c h i c k  e m -  
b r y o  s k i n  f r a g m e n t s  1~ a n d  m o u s e  m a m m a r y  g l a n d  or  
m a m m a r y  c a r c i n o m a  11,12 in  o r g a n  c u l t u r e .  E G F  a lso  
s h a r e s  w i t h  p h o r b o l  m y r i s t a t e  a c e t a t e ,  a p o t e n t  p r o m o t e r  
of  sk i l l  t u m o r  f o r m a t i o n  13 d e r i v e d  f r o m  C r o t o n  oil, t h e  
a b i l i t y  t o  i n i t i a t e  cel l  d i v i s i o n  in  n o n - d i v i d i n g  c u l t u r e s  of  
m u r i n e  3T3  cel ls  1~, i~. 
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A pre l iminary  repor t  by  REYNOLDS, BOEHM and 
COHEN ]6 ind ica ted  t h a t  E G F  could enhance  the  induc t ion  
of skill t umors  by  MCA in Swiss-~vVebster mice. Detai ls  of 
dosage,  la tency,  number s  of papi l lomas,  etc.,  are no t  
p rov ided  in the i r  repor t ,  however .  Since we are in te res ted  
in t he  poss ibi l i ty  of ob ta in ing  cul tured  cells d e p e n d e n t  on 
po lypep t ide  g rowth  factors,  we have  conduc ted  a more  
de ta i led  s t u d y  of the  abi l i ty  of E G F  to  enhance  MCA 
induced  skin t u m o r  fo rma t ion  in b o t h  the  Swiss-Webster  
and  the  inbred  C 3 H e B / F e J  s t ra ins  of mice. 

Mater ia ls  and methods. E G F  was p repared  as previous ly  
described~5 excep t  t h a t  pr ior  to DEAE-cel lu lose  chroma-  
t o g r a p h y  the  combined  Sephadex  G-100 f ract ions  were 
hea t ed  a t  85~ for 10 min,  cooled on ice, and  cent r i fuged 
a t  10,000 r p m  for 10 rain. 

Females  (18 to  20 days  old) of the  Swiss-Webster  
(Hill top Labs. ,  Scot tsdale ,  Pa.) and  C3HeB/FeJ  (Jackson 
Labs. ,  Ba r  Harbor ,  Maine) s t ra ins  were shaved  wi th  
surgical  clippers.  Control  animals  were in jec ted  s.c. on the  
lower back  wi th  1 ml of 0.01 M po ta s s ium p h o s p h a t e  
buffer  (pH 7.0) conta in ing  0.15 M NaC1 (PBS),  while 

expe r imen ta l  animals  received 1 ml  of P B S  con ta in ing  
E G F  (5 [xg/g b o d y  weight) .  On the  following day  the  mice 
were pa in t ed  wi th  a 0.6% solut ion of MCA (Sigma) in 
benzene  using a No. 4 acrylic brush.  E a c h  mouse received 
a single b rush  s t roke on e i ther  side of the  ve r tebra l  column.  
Subsequent ly ,  all of the  animals  were pa in ted  once every  
2 weeks wi th  MCA. In jec t ions  w i th  P B S  (controls) or 
P]3S conta in ing  E G F  (experimentals)  were given 6 days  a 
week. The Swiss -Webs te r  mice received 5 ~g/g of E G F  for 
the  1st week, 3 ~zg/g for the  2nd to 8th week and 2 ~g/g for 
the  subsequen t  weeks. In  the  Swiss-Webster  s t u d y  in- 
jec t ions  and pa in t ings  were t e r m i n a t e d  on the  17th week 
for the  expe r imen ta l  group (n = 12) and  on the  21st week 
for the  control  group (n = 11). The C3HeB/FeJ  mice re- 
ceived 5 t~g/g of E G F  for the  first  6 weeks and 3 tzg/g for 
the  subsequen t  weeks. In  t he  C 3 H e B / F e J  s t u d y  in jec t ions  
and  pa in t ings  were t e r m i n a t e d  on the  20th week for control  
(n = 10) and  expe r imen ta l  (n --  10) animals.  Mice were 
examined  weekly for the  appearance  of new papi l lomas.  
One of the  C3HeB/FeJ  exper imen ta l  animals  was sacri-  
ficed on the  18th week and  2 more  on the  20th week for 

1 0 0  

8 O  
r 

:r 
I -  6 0  
i 

40 

2 0  

0 

14  

1 2  

10  
Ir 
u) 

0 8 
:E 
% 
el 
a. 6 

, I [ 

i i I 

4 8 
W E E K S  

A 
i 
I 
I 

p , J  

I 
r d 
I 
I 

r 
i 
i 
I 
i 

. m . l  

I 
I l . I i i 

V 
,_r- 

F 
! 

�9 - - - r s " .  . 
12 16 2 0  

O F  T R E A T M E N T  

Fig. 1. The effect of EGF on the MCA induction of papillomas in 
Swiss-Webster mice. Control mice (dotted line) or experimental mice 
(solid line) received PBS injections or PBS containing EGF, 
respectively, 6 days a week. All animals were painted with MCA in 
benzene once every 2 weeks. The percentage of mice with papillomas 
(Pa) and the average number of papillomas per mouse (top and 
bottom graphs, respectively) are plotted as a function of weeks of 
treatment. 
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Fig. 2. The effect of EGF on the induction of papillomas by MCA in 
C3HeB/FeJ mice. See legend to Figure 1 for a description of the 
symbols and experimental details. 

16 V. H. REYNOLDS, F. H. BOEHM and S. COHEN, Surgical Forum 76, 
108 (1965). 
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pre l iminary  s tudies  of t he  g rowth  proper t ies  of the  pap-  
i l lomas in cell culture.  Sta t is t ica l  analysis  of the  da t a  
was done using the  two-s ided  WILCOXON R a n k  Sum Tes t  17. 

Results and discussion. Figure 1 shows the  effect  of 
E G F  t r e a t m e n t  on the  induc t ion  of skin t umors  by  MCA 
in Swiss-Webster  mice. The t ime required for 50% of the  
mice to develop t um or s  was 19 weeks in the  control  group 
(PBS injections) b u t  only  14 weeks in the  animals  in- 
jec ted  wi th  EGF.  The t ime  in terval  f rom ini t ia t ion of the  
e x p e r i m e n t  to  t he  appearance  of the  first  t u m o r  was 
s ignif icant ly  grea ter  for t he  control  group as compared  
wi th  t he  expe r imen ta l  group (p < 0.01). In  add i t ion  to  
shor ten ing  the  l a t ency  per iod for the  emergence  of pa-  
pil lomas,  E G F  admin i s t r a t i on  also caused a d rama t i c  
increase in the  average n u m b e r  of papi l lomas per  mouse  
t h r o u g h o u t  t he  course of th is  expe r imen t  (Figure 1, 
bo t tom) .  W h e n  the  expe r imen t  was t e r m i n a t e d  a t  21 
weeks the  E G F  t r ea t ed  mice had  an average of 6.0 t imes  
as m a n y  papi l lomas per  mouse  as the  control  animals.  At  
21 weeks the  cont ro l  Swiss -Webs te r  mice all had  be tween  
0 and  5 papi l lomas per  mouse.  In  the  exper imenta l  group, 
one animal  had  3 t umor s  while the  rest  of the  group had  
be tween  10 and  20 t umor s  per  mouse.  The mean  n u m b e r  
of t umor s  were s ignif icant ly  grea ter  for the  expe r imen ta l  
group as com pa red  wi th  t he  controls  (p < 0.01). 

F igure  2 shows the  resul ts  of a similar expe r imen t  in 
C 3 H e B / F e J  mice. In  this  s t ra in  50% of the  exper imen ta l  
mice had  developed t umor s  by  13 weeks (at which  t ime 
none  of the  cont ro l  mice had  any  tumors)  while 50% 
t u m o r  incidence in t he  cont ro l  mice occurred a t  18 weeks. 
For  the  C 3 H e B / F e J  e x p e r i m e n t  the  t ime in te rva l  for 
papi l loma appea rance  in t he  control  group was also 
s ignif icant ly  grea te r  t h a n  for the  expe r imen ta l  group 

(p < 0.02). W h e n  this  expe r imen t  was t e rmina t ed  the  
E G F  t r ea t ed  mice carr ied an average of 2.6 t imes  as 
m a n y  papi l lomas per  mouse as the  controls.  Fo r  this  s t ra in  
a t  21 weeks the  control  mice had  f rom 0 to 6 papi l lomas 
per  mouse,  while the  exper imen ta l  animals  had  f rom 2 to 
14 papi l lomas per  mouse wi th  the  mean  n u m b e r  of t u mo r s  
being s ignif icant ly  grea ter  for t he  exper imenta l  group 
(p : 0.01). 

These s tudies  clearly indicate  t h a t  in b o t h  the  Swiss- 
W eb s t e r  and  C 3 H e B / F e J  s t ra ins  of mice E G F  can en- 
hance  the  carcinogenic ac t iv i ty  of MCA, bo th  in t e rms  of 
the  t ime of appearance  of skin t umors  and the  average 
n u m b e r  of t u mo r s  which develop.  Al though  our experi-  
men t s  do no t  exclude the  possibi l i ty  t h a t  E G F  m a y  itself 
be a carcinogen,  a t t e m p t s  by  o thers  is to  ob ta in  papil lo- 
mas  in mice t r e a t ed  wi th  E G F  alone have  been unsuccess-  
ful. 

Our p r i m a r y  object ive  in these t u m o r  induct ion  s tudies  
has been to ob ta in  EGF-sens i t ive  t umors  which  could be 
a d a p t e d  to  g rowth  in cell culture.  We  hope  to  ob ta in  E G F  
dependen t  cell lines wi th  appropr ia te  selection procedures .  
The t u m o r  induc t ion  s tudies  repor ted  here  are necessary  
to define the  t ime  course for the  appearance  of t u mo r s  in 
E G F  + MCA t r ea t ed  animals  and  to  ver i fy  t h a t  the re  is, 
indeed,  a s ignif icant  difference be tween  E G F  + MCA 
t r ea t ed  mice and  the  MCA t r ea t ed  controls.  

17 F. WILCOXON and R. A. WILCOX, Some Rapid Approximate 
Statistical Procedures (Lederle Labs., Pearl River, New York 1964), 
p. 7. 

18 S. COHEN and R. SAVAGE, in Recent Progress in Hormone Research 
(Ed. R. O. GREEP; Acadenfic Press, New York 1974), p. 572. 

Calcium and Magnes ium Deficiency-Induced Atrophy of Muscle and Calcium Accumulat ion in the 
Spinal Cord 
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8 December 7975. 

Summary. After  severe d ie t a ry  ca lc ium-magnes ium deficiency in rats ,  succinic dehydrogenase  and  acetylchol ines terase  
enzyme  ac t iv i ty  of gas t rocnemius  muscle showed a neurogenic  a t rophy .  This  a l te ra t ion  was associated wi th  a h igh  
concen t r a t ion  of calcium in the  spinal  cord. 

Recen t  clinical repor t s  have  suggested an in ter re la t ion-  
ship  be tween  a d i s tu rbance  in calc ium me tabo l i sm and  
the  pa thogenes i s  of neuromuscu la r  disease2, 3. Lacking  
repor t s  on the  neu ropa tho logy  of the  nervous  sys t em and 
muscles  in the  calc ium and  magnes ium (Ca and  Mg) 
def ic ient  animal ,  we previous ly  r epor ted  the  changes  in 
nervous  sy s t em  and  re la ted  organs of expe r imen ta l  ani- 
mals  fed a Ca-Mg def ic ient  d ie t  4. 

1 Acknowledgment. Thanks are also due to Mrs. D. GRIER, R. N. for 
helpful advice during the preparation of the manuscript and to 
Miss Y. YATA for typing the manuscript. 

2 y .  YASE, F. YOSHIMASU, Y. UEBAYASHI, S. IWATA and K. KIMU- 
I~A, Proc. Japan Acad. 50, 401 (1974). 

3 L. E. MALLETTE, B. M. PATTEN and W. K. ENGEL, Ann. intern. 
Med. 82, 474 (1975). 
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Effect of dietary calcium and magnesiunl restriction on concentration of calcium and magnesium in serum, spinal cord, gastrocnemius and 
kidney of rats 

Calcium Magnesium 

Control Ca-Mg def. Control Ca-Mg def. 

Serum (rag/100 ml) 
Spinal cord (~tg/g wet weight) 
Gastrocnemius (Ixg]g wet weight) 
Kidney (btg/g wet weight) 

8.68 4- 0.20 6.30 4- 0.29 ~ 3.26 4- 0.19 1.54 4- 0.09 ~ 
91.0 :J2 10.7 286.6 4- 90.2 155.0 :~ 5.2 149.1 ~_ 5.9 
46.9 4- 2.8 52.7 4- 6.9 277.3 4-11.2 250.8 4- 10.8 
62.3 :~ 4.7 1908 4- 245~ 204.8 4- 8.8 184.2 4- 7.2 

Each vMue is the mean 4- SE of the mean of 14. ~p < 0.001. 


