
1202 

Table II. Mitotic index (YfI) and phase frequencies 

Specialia EXPERIENTIA 31/10 

Time (h) Control 10 -6 g / m l  3 x 10 -4 g / m l  

MI P M A T MI P M A T MI P M A T 

0 100.0 i00.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 
0.5 66.0 70.3 46.9 57.9 83.3 102.8 112.6 45.3 137.4 119.4 89.3 99.9 37.8 127.7 138.6 
1 48.9 53.2 41.9 30.6 58.1 95.3 103.4 80.9 104.9 70.4 68.9 82.2 48.0 61.2 69.3 
1.5 37.3 40.6 37.9 24.6 33.9 83.2 93.5 79.7 61.8 49.5 77.4 93.5 44.4 57.7 115.0 
9 86.6 82.4 71.6 119.5 110.2 98.5 127.0 46.2 93.5 108.7 

12 86.0 84.6 54.1 150.4 104.2 125.2 159.8 74.0 97.7 127.6 

P, prophase; lV[, metaphase;  A, anaphase; T, telophase; corresponding to the values at t = 0 (=  100%) during t reatment  with 0.1% caffeine 
and pemoline, 

for  s o m e  t i m e  n e a r l y  is t o t a l .  S ince  g i bbe re l l i c  a c id  1~ as  
wel l  a s  I A A  n s h o w  a n t a g o n i s t i c  e f f ec t s  t o  co l ch i c ine ,  too ,  
a n d  h a v e  a n  i n f l u e n c e  o n  t h e  m i t o t i c  i n d e x  10, n s i m i l a r  to  
t h a t  of  p e m o l i n e 4 ,  t h e  e f f ec t  of  p e m o l i n e  on  m i t o s i s  c a n  
be  c o m p a r e d  w i t h  t h a t  of  g r o w t h  f a c t o r s .  

10 M. FRAGATA, Naturwissenschaften 57, 139 (1970). 
11 D. DAVIDSON and R. D. MAcLEoD, Chromosoma 18, 421 (1966). 
12 I wish to thank Beiersdorf AG, Hamburg, for the supply with 

pemoline. 

Summary. P e m o l i n e ,  t h e  c o n s t i t u e n t  of  T r a d o n ,  is  
ab l e  t o  s l ow  d o w n  t h e  d e c r e a s e  of  t h e  m i t o t i c  i n d e x  
c a u s e d  b y  0 . 1 %  ca f f e ine  in  r o o t s  of  Vicia labs, a n d  
m i t o t i c  a b e r r a t i o n s  a r e  r e d u c e d .  W i t h  0 . 0 0 5 %  c o l c h i c i n e  
a n d  3 • 10 -~ g / m l  p e m o l i n e ,  n o  m e t a p h a s e - a c c u m u l a t i o n  
c a n  be  o b s e r v e d ,  a n d  a n a p h a s e - d i s o r d e r  is d e l a y e d .  
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Depletion of Heart Norepinephrine in Experimental Acute Myocarditis Caused by 
Trypanosoma cruzi 

Trypanosoma cruzi C h a g a s ,  1909 is t h e  c a u s a t i v e  a g e n t  
of  S o u t h  A m e r i c a n  t r y p a n o s o m i a s i s  o r  C h a g a s ' ,  d i s ease ,  
o n e  o f  t h e  m o s t  f r e q u e n t  a n d  d a n g e r o u s  i l l ne s se s  of  
S o u t h  A m e r i c a ,  w i t h  a n  e s t i m a t e d  m i n i m u m  of  7 m i l l i o n  
i n f e c t e d  i n d i v i d u a l s  1. A l t h o u g h  p a r a s i t i s m  a t t a c k s  
p r a c t i c a l l y  a n y  o r g a n ,  c a r d i a c  i n v o l v e m e n t  is  t h e  m o s t  
i m p o r t a n t  c l in i ca l  f e a t u r e  of  C h a g a s '  d i s e a s e  a c c o u n t i n g  
for  87 % of t h e  d e a t h s  fo r  w h i c h  t h e  d i s e a s e  is  r e s p o n s i b l e  1. 
I t  is  n o w  wel l  e s t a b l i s h e d  t h a t  in  t h e  c o u r s e  of  T. cruzi 
i n f e c t i o n  t h e r e  a r e  l e s i ons  of  t h e  a u t o n o m i c  n e r v o u s  
s y s t e m 2 ,  3 r e s u l t i n g  in  e x t e n s i v e  d e s t r u c t i o n  of  p a r a -  
s y m p a t h e t i c  g a n g l i o n  cei ls  in  h u m a n  4 a n d  e x p e r i m e n t a l  a 

0.50 

0.40 

"= 0.30 

~- 020 

0.10 

0 10 12 14 16 18 " 2'2 " 3'2' 
Days alter inoculation 

The time course of norepinephrine depletion of the heart  in rats  
inoculated with Trypanosoma cruzi. The mean values and SEM 
(indicated by bars) for heart  NE concentrations are plotted for normal 
rats (12 animals) and at 8 (3 animals), 12 (3 animals), 15 (4 animals), 
18 (4 animals), 22 (2 animals) and 32 days (3 animals) afterinoculation. 

m a t e r i a l .  T h e s e  l e s i ons  h a v e  b e e n  c l a i m e d  1 t o  be  re-  
s p o n s i b l e  for  a l l  t h e  l a t e  m a n i f e s t a t i o n s  o f  C h a g a s '  
d i s ease ,  r e p r e s e n t e d  c h i e f l y  b y  a n a t o m i c a l  a n d  f u n c t i o n a l  
d i s o r d e r s  of  h o l l o w  m u s c u l a r  o r g a n s  s u c h  as  h e a r t ,  
e s o p h a g u s  a n d  co lon .  A l t h o u g h  t h e  e v i d e n c e  fo r  i n v o l v e -  
m e n t  o f  t h e  p a r a s y m p a t h e t i c  n e r v o u s  s y s t e m  is  n o w  
g e n e r a l l y  a c c e p t e d ,  t h e  d a m a g e  c a u s e d  b y  T. cruzi o n  t h e  
s y m p a t h e t i c  n e r v o u s  s y s t e m  is  a m a t t e r  o f  c o n t r o v e r s y  ~. 
W e  h a v e  i n v e s t i g a t e d  t h i s  p r o b l e m  b y  e s t i m a t i n g  t h e  
s y m p a t h e t i c  n e u r o t r a n s m i t t e r  n o r e p i n e p h r i n e  (NE)  in  t h e  
h e a r t  o f  r a t s  i n o c u l a t e d  w i t h  T. cruzi. 

Material and methods. M a l e  a n d  f e m a l e  H o l t z m a n  r a t s  
a g e d  2 7 - 3 0  d a y s ,  a n d  w e i g h i n g  4 5 - 6 5  g we re  i n o c u l a t e d  
i .p.  w i t h  b lood  c o n t a i n i n g  300,000 t r y p o m a s t i g o t e s  o f  t h e  
Y - s t r a i n .  U n d e r  t h e s e  c o n d i t i o n s  t h e  m o r t a l i t y  w a s  o n l y  
1 5 % .  A t  d i f f e r e n t  p e r i o d s  a f t e r  i n o c u l a t i o n ,  t h e  r a t s  w e re  
s a c r i f i c e d  u n d e r  e t h e r  a n e s t h e s i a  a n d  t h e i r  h e a r t s  w e r e  
w a s h e d  c l e a n  o f  b l o o d  b y  a q u i c k  s a l i ne  p e r f u s i o n ,  
r e m o v e d ,  b l o t t e d ,  w e i g h e d ,  i m m e r s e d  in  0.8 N p e r c h l o r i c  

1 F. KoBERLE, Adv. Parasit. 6, 63 (1968). 
2 F. KOBERLE, Wien klin. Wschr. 68, 333 (1956). 
s YV. L. TAFURI, Am. J. tropic. Med. Hyg. 79, 405 (1970), 
4 F. KiaBERLE, Mtinch. reed. Wschr. 101, 1308 (1959). 
5 F. G. ALCANTARA, Z. tropenmed. Parasit. 10, 296 (1959). 
6 W. L. TAFURI and P. RAso, Hospital, Rio de J. 62, 1325 (1962). 

A. H. ANTON and D. F. SAYRE, J. Pharmac. exp. Ther. 138, 360 
(1962). 
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acid and  homogenized  in a Sorval l  Omni-mixer .  N E  was 
t h e n  assayed f luorometr ica l ly  in an A m i n c o - B o w m a n n  
spectrophotofluorometer (I.P. 21) by  the  t echn ique  of 
ANTON and  SAYRE 7. The assay was pe r fo rmed  8, 12, 15, 
18, 22 and 32 days  af ter  inoculat ion,  runn ing  n o r m a l  
l i t t e r -ma te  cont ro ls  a t  the  same t ime.  T. cruzi was de t ec t ed  
in the  blood s t r e am of all t he  inocula ted  animals .  The 
occurrence of congest ive  hea r t  failure in these  animals  
was ruled ou t  by  macroscopic  and microscopic pos t -  
m o r t e m  examina t ion .  The course of Chagas '  myocard i t i s  
was s tudied  ill histological  sect ions of hea r t s  f rom a to t a l  
of 12 ra ts  sacrificed 8, 12, 15 and  18 days  af ter  inoculat ion.  

Results. The Figure shows the  values  ob ta ined  for 
hea r t  N E  in T. cruzi infected and contro l  animals.  In  
normal  ra t s  the  mean value ob ta ined  for cardiac  N E  
(0.37 _L 0.02 ~xg/g) fell wi th in  t he  range repor ted  in the  
l i teratureS. E i g h t  days  af ter  inoculat ion,  the  N E  co n t en t  
of the  hea r t s  (0.46 • 0.07 vg/g) was s l ight ly higher  t h a n  
t h a t  of t he  controls ,  a l though  the  difference was no t  
significant .  A t  day  12, however ,  the  N E  stores of the  
hea r t s  (0.18 =b 0.03 ~xg/g) d ropped  to  abou t  50% and  a t  
day  15 t h e y  were barely  measurable  (0.045 4- 0.04 vg/g). 
In  the  hear t s  of all ra ts  sacrificed 18, 22 and 32 days  
after  inoculat ion,  the  N E  stores d ropped  to unde tec tab le  
vaIues. 

A t  day  8, when  the  N E  con t en t  of the  hea r t  was still 
normal ,  the  histological  s tudy  of the  hea r t  muscle ceils 
revealed a h e a v y  paras i t i sm wi th  le ishmania  forms of 
T. cruzi. This fact  indicates  t h a t  the  decrease in the  hea r t  
N E  con t en t  was no t  d i rec t ly  re la ted  to the  presence  of 
le ishmania .  At  day  12, however ,  co inc ident  w i th  the  
decrease in the  N E  content ,  the  histological  p ic ture  of the  
hea r t  showed the  i n f l a m m a t o r y  react ion found  in the  
acute  Chagas '  myocardi t i s .  This myocard i t i s  became 
very  in tense  a t  day  18, when  the  hea r t  con t en t  of N E  
became undetec tab le .  The coincidence be tween  the  de- 
crease in the  hea r t  NI~2 and the  deve lopmen t  of the  myo-  
cardit is  suggests  a re la t ionship  be tween  the  two phe-  
nomena.  

Discussion. Catecholamines  had  not  ye t  been s tudied  in 
Cbagas '  disease. However ,  a decrease ill the  cardiac 
con ten t  of these  amines has been repor ted  in some o ther  
diseases of the  heart~, and N E  is marked ly  reduced  in 
congest ive  h e a r t  failure ~. The demons t r a t i on  of N E  
deple t ion in hea r t s  wi th  myocard i t i s  caused by  T. cruzi 
raises the  possibi l i ty  t h a t  the  same p h e n o m e n o n  m i g h t  
occur in myocard i t i s  caused by  o ther  ethiological  agents.  

Since mos t  N E  of the  m a m m a l i a n  hea r t  is con ta ined  in 
postgangl ionic  s y m p a t h e t i c  fibres, our results  d e m o n s t r a t e  
a mass ive  invo lvemen t  of these  fibres in acute  Chagas '  
disease. The deple t ion of N E  migh t  be due e i ther  to  an 
actual  des t ruc t ion  of adrenergic  fibres or s imply  to  an 
i m p a i r m e n t  of t he  mechan i sms  involved in syn thes i s  and 
s torage of t he  amine,  in o therwise  normal  fibres. The 
occurrence of lesions of the  cardiac nerves  in Chagas '  
diseasea, n ,  12 suppor t s  the  f i rs t  a l ternat ive ,  a l though  the  
techniques  used to  de tec t  these  lesions were no t  specific 
for adrenergic  fibres. 

There  is evidence t h a t  the  postgangl ionic  s y m p a t h e t i c  
t ransmiss ion  in the  hea r t  is impai red  in s i tuat ions  where 
the  N E  stores of the  organ are marked ly  deple ted  ~3. I t  is 
therefore  ve ry  probable  t h a t  in acute  Chagas'  myocardi t i s ,  
where  hea r t  N E  becomes unde tec tab le ,  the  s y m p a t h e t i c  
regulat ion of cardiac funct ion  is impai red  or even abol- 
ished. This would be in ag reemen t  w i th  h e m o d y n a m i c  
da t a  ob ta ined  in some of the  pa t i en t s  w i th  Chagas '  
disease s tudied  by  AMORIM et  al. ~4, which  suggest  an 
i m p a i r m e n t  or failure of the  s y m p a t h e t i c  cont ro l  of the  
hear t  rate.  I t  is now well es tab l i shed  t h a t  in addi t ion  to 

its influence on the  h e a r t  r a te  the  s y m p a t h e t i c  ne rvous  
sys t em has  a posi t ive  inot ropic  effect  on the  m y o c a r d i u m  ~5. 
An i m p a i r m e n t  of th is  effect,  such as p r e sumab ly  oc- 
curs in Chagas '  disease, would lead to a decline in t he  
contrac t i le  s ta te  of the  hear t .  This migh t  be an i m p o r t a n t  
fac tor  to  explain  the  conges t ive  hea r t  failure which  occurs  
in m a n y  pa t i en t s  w i th  acu te  Chagas '  disease and  which  
cons t i tu tes  t he  main  cause of dea th  a t  th is  s tage of t he  
disease ~6. The s t u d y  of h e a r t  norep inephr ine  in chronic  
Chagas '  disease is now in progress  and  will be r epor ted  
elsewhere ~7. 

Summary. The norep inephr ine  co n t en t  of the  h e a r t  was  
reduced to unde tec t ab l e  values  in ra t s  inoculated wi th  
Trypanosoma cruzi. This fact  indicates  a massive involve-  
m e n t  of the  cardiac  postgangl ionic  s y m p a t h e t i c  f ibres in 
acute  Chagas disease. 
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