
15.7. 1976 Specialia 915 

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.  
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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. 
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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. 
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I n  t i l ls  p a p e r  we descr ibe  the  Ca-Mg def ic iency-  
i n d u c e d  chemica l  a l t e r a t i ons  in  sp ina l  cord, k i d n e y  a n d  
g a s t r o c n e m i u s  muscle  t i ssue  of t he  e x p e r i m e n t a l  a n i m a l  
a n d  e v a l u a t e  t h e  changes  seen in t he  g a s t r o c n e m i u s  
muscle .  The  possible  r e l a t i onsh ip  be tween  these  a l t e ra -  
t ions  in  g a s t r o c n e m i u s  musc le  a n d  associa ted  accumula -  
t i on  of ca lc ium in t he  sp ina l  cord  wilt be  discussed.  
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Fig. 1. Levels of Ca in the kidney compared with those in spinal cord, 
Ca-Mg deficient (0) and control (�9 (b~g/g wet wt.) 

Mater ia ls  and methods. 14 juven i t e  a lb ino  r a t s  of "vVistar 
s t r a i n  were fed a Ca-Mg def ic ien t  d ie t  w i t h  de ion ized  
w a t e r  p r o v i d e d  ad  l ib i tum.  E x c e p t  for low ca lc ium (0 .01%) 
a n d  m a g n e s i u m  (0.003%) con t en t ,  t h e  Ca-Mg de f i c i en t  
d ie t  was  n u t r i t i o n a l l y  b a l a n c e d  (supplied b y  t h e  Or i en t a l  
Y e a s t  Co. Ltd . ,  Tokyo) .  14 con t ro l  an i ma l s  were fed t h e  
Or i en t a l  M F  diet ,  c o n t a i n i n g  2.0% ca lc ium a n d  0 .34% 
m a g n e s i u m ,  w i t h  t a p  water .  

Af te r  6 weeks of d ie t  feeding,  t h e  e x p e r i m e n t a l  a n d  
con t ro l  an i ma l s  were sacr i f iced w i t h  e the r  anes thes i a  a n d  
samples  of blood,  sp ina l  cord,  g a s t r o c n e m i u s  musc le  a n d  
k i d n e y  were r ap id ly  r emoved .  Spina l  cord, g a s t r o c n e m i u s  
muscle  a n d  k idney  were a shed  in a m i x t u r e  c o n t a i n i n g  
c o n c e n t r a t e d  n i t r ic  acid a n d  perchlor ic  acid p r io r  to  
analysis ,  whi le  sera were ana lyzed  w i t h o u t  a sh ing  follow- 
ing a p p r o p r i a t e  d i lu t ion .  Calc ium an d  m a g n e s i u m  c o n t e n t  
were d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o -  
me t ry .  S t u d e n t ' s  t - tes t  was  used to d e t e r m i n e  s igni f icance  
of d i f ferences  b e t w e e n  e x p e r i m e n t a l  a n d  con t ro l  values .  

O t h e r  p a r t s  of t h e  g a s t r o c n e m i u s  muscle  were f rozen 
a n d  cu t  in  t h e  c r y o s t a t  for sec t ion  s t a in ing  to obse rve  t h e  
h i s t ochemica l  r eac t ions  of ace ty lcho l ines te rase  s a n d  
succinic  d e h y d r o g e n a s e  6. 

Results  and  discussion. Macroscopic  o b s e rv a t i o n s  of t h e  
Ca-Mg def ic ien t  r a t s  a t  a u t o p s y  showed  dep le t ion  of 
s u b c u t a n e o u s  adipose  t issue,  bone  poros i ty  an d  a t r o p h y  
of muscles .  

Q u a n t i t a t i v e  d a t a  of t i s sue  c o n t e n t  of ca lc ium a n d  
m a g n e s i u n l  in e x p e r i m e n t a l  a n d  con t ro l  an i ma l s  are  
shown  in t h e  Table.  I n  r a t s  fed Ca-Mg def ic ien t  diets ,  t h e  
levels of ca lc ium an d  m a g n e s i u m  in s e rum were m a r k e d l y  
a n d  s ign i f i can t ly  lower  (p < 0.001) t h a n  those  of con t ro l  
an imals .  Desp i te  hypoca lcemia ,  t h e  ca lc ium c o n t e n t  of 

Fig. 2. a) Gastrocnemius of the control rats. AChE reaction. • 320. b) Gastrocnemius of Ca-Mg deficient rats. AChE reaction. Note the swelling 
of motor end-plate (arrow). • 320. c) Gastrocnemius of the control rats. SDH reaction. Type I fibre (I), Type II fibre (II). • 320. d) Gastro- 
chemius of Ca-Mg deficient rats. SDH reaction. Type I fibre (I), Type II fibre (II). • 320. 
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t he  k idney  was s t r ik ingly  increased (p <1 0.001) when  
compared  wi th  controls.  The h igh  c o n t e n t  of calcium in 
t he  k idney  of expe r imen ta l  r a t s  was s ignif icant ly  correlat-  
ed wi th  a h igh  concen t ra t ion  of calcium in the  spinal  cord 
(r = 0.5592, p < 0.05, Figure  1), while in the  cont ro l  
animals,  no correla t ion was no ted  be tween  the  calcium 
c o n t e n t  in spinal  cord and  kidney.  These resul ts  suggest  a 
Ca-Mg deficient  d i e t q n d u c e d  calc ium resorp t ion  f rom bone 
which  m a y  accoun t  for the  appearance  of calc ium deposi ts  
in the  spinal  cord as well as in the  kidney.  The reason for 
calc ium deposi t ion  in the  spinal  cord has no t  been  deter-  
mined  b u t  m a y  be re la ted to t he  Ca-Mg deficiency and/or  
o the r  metabol ic  consequence,  such as a secondary  hyper -  
pa ra thyro id i sm.  A secondary  h y p e r p a r a t h y r o i d i s m  is 
known  to  occur af ter  magnes ium def ic iencyL However ,  
we do no t  known  if there  is an accompany ing  var ia t ion  in 
calcium concen t ra t ion  of spinal  cord. In  the  gas t rocne-  
mius muscle,  the  calcium con t en t  was no t  s ignif icant ly  
d i f fe rent  in compar i son  wi th  the  controls.  

In  general,  magnes ium c o n t e n t  in all organs of the  
Ca-Mg deficient  ra t  was similar to con t en t  in the  controls  
despi te  a marked  fall in concen t ra t ion  of magnes ium in 
serum. The resul ts  ob ta ined  here  agree well wi th  f indings 
known  to occur in chronic magnes ium deficiency s. Soft  
t issues appear  to be capable  of ma in ta in ing  a cons t an t  
magnes ium con t en t  even wi th  a c o n c o m i t a n t  reduc t ion  in 
serum magnes ium.  

Of grea te r  concern in th is  s t u d y  were the  marked  
h is tochemica l  changes  in the  gas t rocnemius  muscle of the  
Ca-Mg deficient  rat .  In  the  Ca-Mg deficient  rat ,  the  gas- 
t rocnemius  muscle sect ion processed for acetylchol ines-  
terase  (ACHE) enzyme h is tochemica l  s t u d y  showed a 
s l ight  reduc t ion  in enzyme ac t iv i ty  and the  mo to r  end- 
p la te  appeared  swollen (Figure 2 b). In  the  contro l  gastro-  
chemius  muscle section,  the re  was an in tense  AChE 
ac t iv i ty  a t  t he  m o t o r  end-p la te  (Figure 2a). I t  is not  
inconceivable  t h a t  these a l te ra t ions  m a y  be a t t r i bu t ed  to 

a metabol ic  d i s tu rbance  of the  mo to r  neuron  due to  the  
calcium accumula t ion  in the  spinal cord. Our previous ly  
r epor ted  inves t iga t ion  4 d e m o n s t r a t e d  a decrease in 
succinic dehydrogenase  ac t iv i ty  of the  neurona l  peri-  
ka ryon  and  a sl ight  swelling of the  m o t o r  neuron  in the  
spinal  cord t issue of the  Ca-Mg def ic ient  rat .  

Succinic dehydrogenase  (SDH) reac t ion  in the  Ca-Mg 
deficient  g a s t ro cn emi u s  muscle showed a low enzyme 
act iv i ty ,  par t i cu la r ly  in the  sarco lemma and  subsarcolem-  
real region of Type  I fibres associat ing wi th  a d i s rup t ion  
of regular  SDH reac t ion  p a t t e r n  in f ibres (Figure 2d). 
Control  sect ions showed a s t r iking var ia t ion  in the  S D H  
react ion  of individual  f ibres;  One group (Type I), usual ly 
of smal l  d iameter ,  gave a s t rong reac t ion  and  the  o ther  
group (Type II) ,  usual ly of large d iameter ,  gave a con- 
s i s ten t ly  weaker  reac t ion  (Figure 2a). These f indings of 
a t r o p h y  of Type  II  f ibres and sl ight  h y p e r t r o p h y  of 
Type  I fibres, which  d e m o n s t r a t e d  in the  Ca-Mg def ic ient  
gas t rocnemius  muscle  (Figure 2d), are similar to the  
charac ter i s t ic  changes  in expe r imen ta l  dene rva t ion  of 
gas t rocnemius  muscleK As spinal  cord calcium co n t en t  
increased this  change  became more p rominen t .  

These chemical  and h is tochemica l  resul ts  suggest  t h a t  
calcium deposi ts  in the  spinal  cord m a y  be of some par t ic-  
ular re la t ionship  to the  mani fes ta t ion  of neurogenic  de- 
genera t ion  of muscle  in the  Ca-Mg deficient  rats.  
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Summary. Appl ica t ion  of sister ch roma t id  different ial  (SCD) procedure  on G 1, S and G~ p rema tu re ly  condensed  chro-  
mosomes  (PCC) of cells in t he  second and th i rd  cycle of ]3NA repl icat ion in med i u m conta ining BrdU reveals  different ia l  
s ta in ing pa t t e rn s  charac ter i s t ic  of the i r  respect ive  stages in the cell cycle. These f indings also suggest  a s t ruc tura l  simi- 
lar i ty  be tween  PCC and m e t a p h a s e  chromosomes.  

Recen t  deve lopment s  in cell biology have  offered some 
high resolut ion m e thods  for s tudies  of DNA and chromo-  
somal  replicationS, a and  de tec t ion  of s is ter  ch roma t id  
exchanges4-L LATTS first  d e m o n s t r a t e d  t h a t  f luorescent  
s ta in ing  wi th  t he  bisbenzimidazole dye Hoechs t  33258 was 
quenched  in a ch roma t id  if b o t h  s t rands  of its DNA had  
incorpora ted  5-bromodeoxyur id ine  {BrdU). W h e n  a cell 
has  gone th*ough 2 semiconserva t ive  D N A  repl icat ion 
per iods  in a m e d i u m  conta in ing  BrdU,  one c h r o m a t i d  
conta ins  BrdU in b o t h  D N A  s t rands  while its sister  
ch roma t id  has  B r d U  in only one of its D N A  s t rands .  This  
is ref lected in different ia l  f luorescence of the  sister  chro-  
ma t i d s  w i th  Hoechs t  33258, or di f ferent ia l  s ta in ing wi th  
Giemsa af ter  t r ea t ing  the  chromosomes  wi th  some mild 
pro te inases  ~ or buffers  a t  a h igh  t e m p e r a t u r e  4, s. 

W h e n  an in te rphase  cell is fused wi th  a mi to t ic  cell, 
t he  in t e rphase  chromosomes  are induced  to condense  

into discrete  uni ts ,  k n o w n  as p r e m a t u r e l y  condensed  
chromosomes  (PCC) 3-n. The PCC morpho logy  is charac-  
ter is t ic  of the  cell cycle phase  of t he  in te rphase  nucleus.  
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