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all Aris to lochiaceae could be responsible  for th is  effect,  
and S c h v a r t z m a n  et  al. 15 repor ted  t h a t  ar is tolochic acid I, 
which  is found in a lmos t  all t he  species of th is  genus 1., 
has  c-mi to t ic  ef fec ts .  
No mi to t ic  a l te ra t ions  were observed  in roots  t r e a t ed  
wi th  infusions of S. rebaudiana ,  as can be deduced  f rom 
the  figure A. The evolut ion  of mi to t ic  indices af ter  24 h 
t r e a t m e n t  is qui te  normal  in all cases. Never theless ,  cell 
cycle dura t ion  is pro longed b y  t r e a t m e n t s  w i th  these  
infusions,  as can  be seen in the  figure 13, which  shows the  
en t rance  in mitosis  of a synchronous  b inuclea te  subpopu-  
la t ion in contro l  and  t r e a t ed  roots.  Final ly,  cy topho to -  

metr ica l  s tudies  showed t h a t  the  d i s t r ibu t ion  of cells in 
G 1, S and G 2, a m o u n t i n g  to 26~o, 45~ and 16% respec- 
t ive ly  in the  controls ,  was  no t  s ignif icant ly  modif ied  b y  
these  t r e a t m e n t s .  E x t r a c t s  of S. r ebaud iana  were found 
to  have  con t racep t ive  proper t ies  in ra t s  lL Our experi-  
m e n t s  d e m o n s t r a t e  t h a t  infusions of th is  p l an t  have  no 
specific toxicological  effects upon the  cell cycle of A. cepa 
mer is tems,  suggest ing t h a t  the  con t racep t ive  proper t ies  
m a y  no t  be connec ted  wi th  the  ch romosome  cycle 15. 

17 G.M. Planas, Science 162, 1007 (1967). 

V e n t r a l  m o t o r  n e u r o n  a l t e r a t i o n s  i n  r a t  s p i n a l  c o r d  a f t e r  c h r o n i c  e x e r c i s e  1, ~ 
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Summary. The observed  differences in the  soma and  nuclear  d iamete r s  reflect  chronic changes  specific to  each exer- 
cise regimen used. 

A d e a r t h  of in fo rmat ion  exis ts  concerning  the  effects  of 
phys ica l  ac t iv i ty  on the  size of t he  cell b o d y  and  the  
nucleus of the  ven t r a l  m o t o r  neuron.  Acute  bouts  of 
swimming  or runn ing  have  been  repor ted  to  increase 4, 5, 
decrease 6-8, or no t  change  s the  vo lume of the  soma. 
Similar confl ic t ing resul ts  have  been  found for changes  in 
nuclear  sizes 4, 5, ~. An inspec t ion  of t he  exe rc i s ep ro toco l s  
used indica tes  t h a t  the  incons is tency  in these  resul ts  m a y  

Table 1. Summary of Z~-values for soma and nucleus distribution 
differences between groups after 12 weeks of training 

Comparison df 12 weeks Z 2 

CON* vs SPT* Soma 30 73.44** 
Nucleus 14 77.87** 

CON vs END* Soma 30 53.39** 
Nucleus 14 42.83** 

SPT vs END Soma 30 44.94** 
Nucleus 14 39.40** 

*n, 4 animals. ** Significant distribution differences at the 0.05 level. 

Table 2. Summary of Z~-values for soma and nucleus distribution 
difference between pooled-zero** and 12-week animals for each 
treatment group 

Comparison CON Sprint Endurance 
df Z z df Z 2 df Z z 

Soma 30 166.08" 30 29,04 30 106.79" 

Nucleus 14 133.02" 14 12.97 14 34.49* 

*Significant distribution differences at the 0.05 level. **All zero- 
week animals were pooled into one distribution since there were no 
significant differences between groups at the start of the study 
(n = 12). 

be a t t r i bu t ed  to the  use of acute  exercise p rograms  of 
d i f ferent  types ,  intensi t ies ,  and  durat ions .  Conversely,  
chronic p rog rams  of phys ica l  ac t iv i ty  have  cons i s ten t ly  
resul ted  in no changes  in the  volumes  of the  soma and  
nucleus 9,1~ These f indings have  been in t e rp re t ed  as 
ref lect ing an a d a p t a t i o n  of the  mo to r  neuron  to  the  new 
level of neuromuscu la r  ac t iv i ty  12. However ,  to date ,  all 
longi tudinal  s tudies  have  used an endurance  swimming  
p ro g ram of l ight  to modera t e  in t ens i ty  as the  mode  of 
exercise. I t  seemed logical to de te rmine  if these  s t ruc tu ra l  
adap t a t i ons  would be cons i s ten t  using d i f ferent  in tensi t ies  
of t ra ining.  Therefore,  th is  inves t iga t ion  was designed to  
s t u d y  the  chronic effects of 2 well-defined in te rva l  runn ing  
p rograms  of d i f ferent  in tensi t ies  on the  soma and  nuclear  
d iamete r s  of the  working moto r  neurons.  
Materials and methods. Normal ,  72-day-old, male albino 
ra ts  (Sprague-Dawley  strain) were b ro u g h t  into the  
l abora to ry  and assigned r a n d o m l y  to one of the  following 
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ac t iv i ty  groups :  s e d e n t a r y  contro l  (CON), sp r in t  runn ing  
(SPT) or endurance  runn ing  (END).  All animals  were 
housed  in indiv idual  s eden t a ry  cages and  had  access to 
food (Wayne L a b o r a t o r y  Blox) and  wa te r  ad l ib i tum.  
T r e a t m e n t s  were in i t ia ted  when  the  animals  were 85 
days  of age and  were con t inued  for 12 weeks. The SPT 
and  E N D  animals  were t r a ined  in a b a t t e r y  of indiv idual ly  
con t ro l led- running  wheels  ~3 on specific in te rva l  runn ing  
p rog rams  conduc ted  once daily,  5 days  per  week 1.. 
4 animals  f rom each ac t iv i ty  group were killed on the  day  
t h a t  the  ac t iv i ty  t r e a t m e n t s  began.  These animals  were 
85 days  of age and  were pooled in to  1 group since s ta t i s t i -  
cal t r e a t m e n t  of the i r  d a t a  revealed no s ignif icant  
differences be tween  the  groups.  This  pooled group of 
animals  is he rea f te r  des igna ted  as control  zero-week 
animals .  4 animals  in each group  were subsequen t ly  
sacrificed a t  169 days  of age. Tra ined  animals  were 
killed 72 h af ter  the i r  last  bou t  of exercise. All animals  
were sacrificed unde r  anes thes ia  by  an i.p. in ject ion of 
4 mg/100 g b. w t  of 6.48% sodium pen toba rb i t a l  solution.  
Spinal  cord segments  L4 t h rough  $2 were removed,  
f ixed in 10% buffered  formal in  for 24 h and  e m b e d d e d  
in paraff in .  Serial crania l -caudal  cross-sections,  7 Fm 
thick,  were m o u n t e d  on 35 m m  leader  film ~5 and  s ta ined  
wi th  Luxol  F a s t  Blue and  coun te r - s t a ined  wi th  Cresyleeht  
Violet.  For  each animal,  60 moto r  neurons  mee t ing  the  
following cr i ter ia  were used for analysis :  a) each moto r  
neuron  had  to possess a nucleolus and a d i s t inc t  nuclear  
m e m b r a n e ;  and  b) each m o t o r  neuron  had  to be located 
in t he  somat ic  e f ferent  (Lamina  IX) por t ion  of the  r ight  
ven t ra l  horn  ~6. Morphomet r i c  m e a s u r e m e n t s  were done  
using the  t echn ique  descr ibed by  Gilliam and  Taylor  ~7. 
F r e q u e n c y  d i s t r ibu t ions  for the  d iamete r s  of t he  soma and  
nucleus w e r e  ana lyzed  using Z 2 analyses  of con t ingency  
tables  (ACT). The 0.05 level of significance was es tab l i shed  
for all s ta t i s t ica l  analyses.  

Results  and  discussion. Previous  f indings have  indica ted  
m o t o r  neurons  r e tu rn  to  ' no rmal  '18 ac t iv i ty  36-72 h 
following increased funct ional  ac t iv i ty  9. Since the  animals  
in th is  s t u d y  were sacrificed a p p r o x i m a t e l y  65-72 h 
af ter  the  last  exercise period,  we can assume t h a t  t he  
m o t o r  neurons  had  recovered f rom the  acute  effects of t he  
las t  exercise bout .  The observed  changes  in t he  distr i-  
bu t ions  of the  morphologica l  pa r ame te r s  ref lected chronic  
changes  specific to  e~/ch exercise regimen.  The results  
p re sen ted  in table  1 show t h a t  the  CON, SPT, and  E N D  
f requency  d i s t r ibu t ion  for b o t h  soma and  nucleus were 
s igni f icant ly  (p < 0.05) d i f ferent  f rom each other.  
Figures  1 and  2 dep ic t  these  differences.  Recent ly ,  
J anzen  t y p e d  a lpha  m o t o r  neurons  in the  ra t  according 
to size 19. Us ing  his d a t a  (:~ 2 SD), the  ver t ica l  lines 
shown in figure 1 d i f ferent ia te  be tween  large ( >  24 ~m) 
and small  ( <  24 ~m) a lpha  m o t o r  neurons.  The ver t ical  
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Fig. 1. Chronically induced changes in soma diameter after 12 weeks 
of interval training. 
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Fig. 2. Chronically induced changes in nuclei diameter after 12 
weeks of interval training. 
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l ines  d r a w n  a t  t he  va lue  13 in f igure 2 were a r b i t r a r i l y  
e s t ab l i shed  to a c t  as a guidel ine  for  c o m p a r a t i v e  pur -  
poses. 
Af te r  12 weeks of t r a in ing ,  b o t h  t h e  S P T  a n d  E N D  
groups  d e m o n s t r a t e d  a ' r e t a r d a t i o n  effect '  in  m o t o r  
n e u r o n  size w h e n  c o m p a r e d  to 12-week con t ro l  d is t r i -  
b u t i o n  (figures 1 and  2). F u r t h e r m o r e ,  t h e  degree of 
' r e t a r d a t i o n '  is a p p a r e n t l y  d e p e n d e n t  on  t h e  i n t e n s i t y  
of exercise used. This  is show/1 ilz f igures 1 a n d  2 w i t h  t he  
S P T  group  d e m o n s t r a t i n g  a g rea t e r  n u m b e r  of smal le r  
soma  a n d  nucle i  t l l a n  t he  E N D  group.  These  f indings  are 
in c o n t r a s t  to  ear l ier  s tud ies  r e p o r t i n g  no  changes  in 
m o t o r  n e u r o n  m o r p h o l o g y  b e t w e e n  con t ro l  a n d  exper i -  
m e n t a l  g roups  fol lowing chron ic  a c t i v i t y  *, 10,11. I t  is t he  
op in ion  of t h e  a u t h o r s  t h a t  these  obse rved  differences  are 
p r i m a r i l y  due  to 2 reasons :  a i t h e  t r a i n i n g  in tens i t i e s  

used in ear l ier  s tud ies  were no t  g r e a t  enough  to  p roduce  
changes ,  a n d  b) t he  s t a t i s t i ca l  t r e a t m e n t  of t he  d a t a  m a y  
h a v e  m a s k e d  a n y  changes  - a n y  s t a t i s t i c a l  ana lyses  
c o m p a r i n g  t he  m e a n s  of t h e  g roups  in th i s  s t u d y  would  
h a v e  revea led  no  s ign i f ican t  differences  b e t w e e n  t he  3 
groups.  I n  fact ,  however ,  t h e r e  are  s ign i f ican t  d i s t r i b u t i o n  
differences  as ev idenced  b y  t h e  f igures  1 a n d  2. 
A p r o b a b l e  m a t u r a t i o n  effect  c a n  be  obse rved  b e t w e e n  
the  con t ro l  zero-week an ima l s  a n d  t he  con t ro l  12-week 
an ima l s  ( table  2). T h a t  is, t h e  con t ro l  12-week d i s t r i b u t i o n  
shows a g rea t e r  n u m b e r  of l a rger  m o t o r  neurons .  I n  
conclusion,  i t  is e v i d e n t  t h a t  specific d i f ferences  h a v e  
been  obse rved  for  t h e  t r e a t m e n t s  used. I t  a p p e a r s  t h a t  
m o t o r  n e u r o n s  in a s t a t e  of ' n o r m a l i t y '  ref lect  p a t t e r n s  of 
change  wh ich  are specific to  va r ious  chronic  exercise 
regimens.  

Suppression of delayed type hypersensitivity of mice by lead 
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Summary. Appl i ca t i on  of lead suppressed  t he  de layed  t y p e  h y p e r s e n s i t i v i t y  (DTH) of mice  i nduced  b y  sheep  red  
b lood  cells (SRBC).  I n h i b i t i o n  of e l i e i t a t ion  of DTI-t in  p r i m a r y  as well as in  s econda ry  response  was cor re la ted  w i t h  
t he  c o n c e n t r a t i o n  of lead in t he  b lood  of t h e  mice.  

I t  h a s  been  s h o w n  t h a t  severa l  e n v i r o n m e n t a l  c o n t a m i -  
n a n t s  5 inc lud ing  subc l in ica l  doses of lead 6 reduce  t he  
res i s t ance  of mice to  bac t e r i a l  infect ion.  As r epo r t ed  re- 
cent ly ,  chron ic  exposure  of mice to  lead suppresses  t h e  
h u m o r a l  a n t i b o d y  response  to  sheep  red  Mood cells 
(SRBC) as m e a s u r e d  b y  t he  n u m b e r  of a n t i - S R B C  pro-  
d u c i n g  spleen cells 5. T he  a u t h o r s  conc luded  t h a t  t h e  
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Fig. 1. Dose-dependent inhibition of DTH in mice exposed to lead. 
Levels of DTH elicited by inoculation of l0 s SRBC into the right 
hind footpad of balb/c mice (6-8 weeks old) sensitized 4 days previ- 
ously wittl 106 SRBC i.v. DTH was measured 24 h after antigen chal- 
lenge. Various amounts of lead acetate were injected i.p. in a volume 
of 0.5 ml saline daily for 30 days. In tile first experiment the mice 
received 0.25 mg, 0.10 mg and 0.025 mg lead acetate daily (�9 In the 
second experiment the mice received 0.20 rag, 0.10 rag, 0.075 rag, 
0.05 mg and 0.025 mg lead acetate daily (e). The lead content in the 
blood of mice was determined by means of an atomic absorption 
spectrophotometer immediately after DTH-measurement. Abscissa: 
ppm lead detected in whole blood. Ordinata: units of footpad reaction 
(1 unit = 0.1 ram). Each point represents the mean value detected in 
each group of i0 mice. In the group o1 highest lead concentration, 
4 mice died in consequence of lead intoxication. 

impa i r ed  res i s tance  to t h e  bac te r i a l  in fec t ion  was p r o b a -  
b ly  due  to a suppressed  h u m o r a l  a n t i b o d y  fo rma t ion .  B u t  
o the rwise  n o t  on ly  t he  h u m o r a l  b u t  also t h e  cell m e d i a t e d  
i m m u n i t y  (CMI), as well  as nonspeci f ic  defense  m e c h a -  
n i sms  due  to p h a g o c y t i c  cells, are i n v o l v e d  in these  pro-  
cesses. 
W e  i n v e s t i g a t e d  t h e  effect  of chron ic  lead exposure  on t he  
T - l y m p h o c y t e  m e d i a t e d  a n d  m o n o c y t e  d e p e n d e n t  de-  
l ayed  t y p e  h y p e r s e n s i t i v i t y  (DTH) aga in s t  S R B C  in mice. 
10 mice  in  each  g roup  were  i n j ec t ed  i.p. once  da i l y  for  
30 days  w i t h  va r ious  a m o u n t s  of lead ace t a t e  d issolved in 
saline.  On t he  30 th  d a y  t h e  mice were sens i t ized  w i t h  
105 S R B C  i.v. To assess t h e  D T H  mice  were  cha l l enged  
4 days  a f t e r  s ens i t i za t ion  b y  in j ec t ion  of 10 s S R B C  in  
40 [zl of sa l ine  in to  t h e  r i g h t  h i n d  foo tpad .  As con t ro l s  
non-sens i t i zed  mice were i n j ec t ed  in to  t he  f o o t p a d  w i t h  
t he  same  dose of a n t i g e n .  Fo r  this ,  l e a d - t r e a t e d  as well  as 
n o n - t r e a t e d  an ima l s  were used. The  foo tpad  swell ing was 
m e a s u r e d  w i t h  a dial  gauge  ca l iper  before  a n t i g e n  chal -  
lenge, 24 h, a n d  48 h a f t e r  cha l lenge  acco rd ing  to  Miller  
e t  al.L The  mice  were ki l led a n d  t h e  lead c o n t e n t  of t h e  
b lood  was 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  spec t ro-  
p h o t o m e t r y .  
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