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Length of lag phase, and duplication time of Trypanosoma equiperdum in control and endotoxin treated rats 

EXPI~RIENTIA 25/10 

Control 

Serial Lag phase Duplication Serial Lag phase Duplication 
No. (h) time (h) No. (h) time (h) 

Endotoxin treated �9 

Serial Lag phase 
No. (h) 

Duplication 
time (h) 

1 0 5.6 14 0 5.4 
2 0 6.0 15 0 5.9 
3 0 5.2 16 0 5.7 
4 0 5.4 17 0 6.0 
5 0 6.0 18 0 4.7 
6 0 5.6 19 0 4.9 
7 0 5.1 20 0 5.3 
8 0 5.5 21 0 5.3 
9 0 4.9 22 0 5.6 

10 0 6.0 23 0 5.4 
11 0 5.4 24 0 5.9 
12 0 6.1 25 0 5.4 
13 0 5.5 26 0 5.9 

Average : 5.5 
S.E.: 0.025 

1 11.1 4.7 
2 20.8 5.2 
3 17.1 6.1 
4 13.9 5.5 
5 9.7 5.1 
6 17.8 5.8 
7 15.1 5.6 
8 16.8 5.3 
9 12.5 5.7 

10 13.5 5.3 

Average: 14.8 5.4 
S,E. : 1.06 0.05 

Reeeived a total of 6 doses of endotoxin at 2-day intervals. 

Serial  p r e t r e a t m e n t  w i t h  e n d o t o x i n  r e su l t ed  in a 
cha rac t e r i s t i c  a l t e r a t i o n  of t h e  t r y p a n o s o m e  g r o w t h  
curves.  In fec t ion  was  genera l ly  fol lowed b y  a 14.8 h lag 
phase ,  a n d  t he  l oga r i t hmic  phase  s t a r t e d  on ly  a f te rwards .  

The  Tab le  shows t h e  l eng ths  of lag phases  a n d  dupl ica-  
t i on  t i m e s  m e a s u r e d  on  e n d o t o x i n - t r e a t e d  a n d  con t ro l  
rats .  The  dup l i ca t i on  t i m e s  m e a s u r e d  in t h e  l oga r i t hmic  
phase  d id  no t  differ  in  t h e  e x p e r i m e n t a l  a n d  con t ro l  
group.  Th i s  impl ies  t h a t  in  t he  l oga r i t hm i c  phase  t h e  
g r o w t h  r a t e  of t r y p a n o s o m e s  was t h e  same  in r a t s  t r e a t e d  
a n d  no t  t r e a t e d  w i t h  endo tox in .  

The  l eng ths  of t h e  lag phases  were g raph ica l ly  ex t ra -  
po la t ed  to  t h e  abscisse b y  m e a n s  of po in t s  p l o t t e d  ou t  
du r ing  t he  l oga r i t hm i c  phase  s. 

W i t h  t r y p a n o s o m e  c o u n t  of 2 • 107/ml, t h e  c o u n t s  r ead  
a t  1 h in t e rva l s  d u r i n g  t h e  l oga r i t hm i c  p h a s e  f l u c t u a t e d  
f rom 1.9X 107 to  2.1 • 107 owing to t h e  :h 5% error.  

T h e  e x p e r i m e n t M  an i m a l s  died, s imi la r ly  to  t he  
controls ,  a t  a t r y p a n o s o m e  c o u n t  of 2-2.5 • 109/ml blood,  
t h u s  t h e  de lay  caused  b y  t he  14.8 h lag phase  was 
real ized also in t he  t i m e  of exit .  

I t  appea r s  t h a t  t h e  l e n g t h  of t he  lag p h a s e  is a n  
a p p r o p r i a t e  m a r k e r  of t he  e n d o t o x i n - i n d u c e d  increase  of 

non-specif ic  res is tance .  I n v e s t i g a t i o n s  on  th i s  bas is  are 
schedu led  to be  car r ied  f u r t h e r  a long  2 l ines : as a me thod ,  
t he  above  p rocedure  seems to  be  su i t ab le  for t he  assess- 
m e n t  of t he  res i s t ance- inc reas ing  effect  of va r ious  
p r e p a r a t i o n s ;  on  t i le  o the r  h a n d ,  t h o u g h  we are  aware  
t h a t  t he  e x p e r i m e n t  descr ibed  a b o v e  is j u s t  a n  approx i -  
m a t e  model ,  we bel ieve  t h a t  t he  c la r i f i ca t ion  of t he  
m e c h a n i s m  of t h e  a p p e a r a n c e  of lag phases  will he lp  to  
disclose t h e  m e c h a n i s m  of ac t ion  of e n d o t o x i n  induced  
res is tance.  

Zusammen[assung. I n  m i t  E n d o t o x i n  ch ron i sch  be-  
handel teI1 R a t t e n  v e r g n d e r t  s ich die V e r m e h r u n g s k u r v e  
des Trypanosoma equiperdum cha rak te r i s t i s ch .  
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S tu d ie s  on  L y s o s o m e s  in Rat  Hear t  Cell  Cul tures .  

Since DE DUVB'S 2 d i scovery  of t h e  lysosomes,  t he re  
has  been  a d i spu te  a b o u t  t h e i r  f unc t i on  a n d  s ignif icance 
in cell phys io logy  and  p a t h o l o g y  ~-s. FI~IEDMAN et  al. 9 
were u n a b l e  to  show lysosomai  or a n y  o t h e r  cel lular  
a l t e r a t i ons  in  b e a t i n g  r a t  h e a r t  cell cul tures ,  u s ing  
10 a g / m l  of v i t a m i n  A. W h e n  g rea t e r  c o n c e n t r a t i o n s  of 
t i le v i t a m i n  (100 [xg/ml a n d  1000 ag/ml)  were  used, a 
c y t o p a t h i c  effect, wh ich  a p p e a r e d  to  be  due  to  a p r i m a r y  
a l t e r a t i o n  of t he  cell m e m b r a n e  r a t h e r  t h a n  to  lysosomal  
damage ,  was  ob ta ined .  Tile p r e s en t  s t u d y  deals  w i t h  t he  
effect  of exogenous  lysosomes a n d  t h e  synerg i s t i c  effect  
of ch lo rp romaz ine  or d i m e t h y l s u l p h o x i d e  a n d  v i t a m i n  A 
on h e a r t  t i s sue  cul ture .  

II. T h e  Effect  of  E x o g e n o u s  L y s o s o m e s  1 

Materials and methods. B e a t i n g  r a t  h e a r t  cell cu l tu res  
were  p r e p a r e d  acco rd ing  to  t h e  t e c h n i q u e  descr ibed  
p rev ious ly  9. 

P r e p a r a t i o n  of lysosomal  f rac t ion.  R a t , g u i n e a - p i g  
a n d  mouse  l iver  lysosomes  were p r e p a r e d  accord ing  to  t h e  
m e t h o d  descr ibed  b y  WEISSMANN a n d  THOMAS 1~ 2 ml  of 
20% of t h e  large g ranu le  f r ac t i on  in l a c t a l b u m i n  hyd ro ly -  
sa te  (LAH) m e d i u m  ~ s u p p l e m e n t e d  w i t h  15% inac t i -  
v a t e d  n e w - b o r n  calf  se rum,  were a d d e d  to  each  h e a r t  
cell cfllture. 

R a t  l iver  lysosomal  enzymes .  The  large  g ranu le  f r ac t ion  
was u l t r a s o n i c a t e d  twice, for  20 sec, a t  4~ ill a M S E  
u l t r a son ica to r .  T h e  fluid was  e x a m i n e d  for lysosomes  
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us ing  a phase  microscope.  W h e n  necessary,  t he  suspens ion  
was son ica ted  for a t h i r d  t ime.  Therea f t e r ,  t h e  suspens ion  
was cen t r i fuged  a t  17,800 g for 20 min .  2 ml  of a 20% of 
t he  s u p e r n a t a n t  were a d d e d  as before.  

Gu inea -p ig  P M N L  lysosomes.  Guinea-p igs  we igh ing  
500 g were in jec ted  i.p. w i t h  10 ml  of 6% sod ium case ina te  
( E a s t m a n  Organ ic  Chemicals)IX. T he  res t  of t he  pro-  
cedure  was p e r f o r m e d  accord ing  to  CO~IN a n d  HIRSCH12. 
The  d i f fe ren t i a l  c o u n t  a f t e r  18 h was 9 6 - 9 8 %  P M N L .  
The  P M N L s  were son ica ted  3 t i m e s  for 5 sec a t  4 ~ in 
o rder  to  release t h e  g ranu les  f rom t he  cells. 2 ml  of 
107 P M N L / m l  or  2 ml  of granules ,  e q u i v a l e n t  to  107 cells/ 
ml  in  LAH,  were  a d d e d  to each  P e t r i  dish.  

Gu inea -p ig  m o n o c y t e s '  lysosomes.  T he  p rocedu re  was 
iden t ica l  w i t h  t h a t  descr ibed  above ,  b u t  t h e  cells were 
col lected a f t e r  96 h. 

V i t a m i n  A. V i t a m i n  A acid was used  as descr ibed  
p rev ious ly  9. P M N L  a n d  m o n o c y t e  lysosomes  were 
suspended  in t h e  m e d i u m  c o n t a i n i n g  v i t a m i n  A, supple-  
m e n t e d  w i t h  15% se rum of n e w - b o r n  calf. T he  f ina l  
c o n c e n t r a t i o n  of v i t a m i n  A was  10 ~g/ml.  

Synerg i sm.  The  cu l tu res  were i n c u b a t e d  w i t h  CPZ 
1 0 - 4 M  or 5% DMSO for 8 h. Therea f t e r ,  t h e  cu l tu res  
were w a s h e d  w i t h  a f resh  m e d i u m ;  2 ml  of t h e  LAH,  
c o n t a i n i n g  10 ~zg/ml of v i t a m i n  A, were a d d e d  to each  
cul ture .  

C y t o t o x i c i t y  was  d e t e r m i n e d  b y  v i t a l  s t a i n i n g  w i t h  
0 .1% eos in  Y a n d  c o u n t i n g  of t h e  ceils. 

Results. T h e  resu l t s  are  s u m m a r i z e d  in t h e  Table .  
Synerg is t i c  effect  of 1 0 - 4 M  CPZ or  5% D M S O  a n d  v i t a -  
m i n  A 10 vg /ml :  I n  a n  a t t e m p t  to  assess w h e t h e r  t he re  is 
a n y  synerg i s t i c  a c t i o n  of agen t s  k n o w n  to  increase  cell 
p e r m e a b i l i t y ,  CPZ 1 0 - a M  or D M S O  5% were a d d e d  to  
t h e  m e d i u m  for 8 h, fol lowed b y  t h e  a d d i t i o n  of v i t a m i n  A 
10 tzg/ml. No changes  were obse rved  a f t e r  5 days.  

Discussion. I n  t h e  p r e s e n t  s t u d y  he te ro logous  l iver  cell 
lysosomes,  ly sosomal  enzym es  as well  as gu inea -p ig  PlVINL, 
mOllOcytes a n d  t h e i r  g ranu les  d id  n o t  cause  a n y  d a m a g e  
to cu l t u r ed  h e a r t  cells. Nor  was  a n y  c y t o p a t h i c  effect  
ach ieved  a f t e r  t h e  a d d i t i o n  of v i t a m i n  A 10 ~zg/ml. 
MOVAr e t  al. 13 showed  t he  c y t o p a t h i c  effect  of i n t a c t  or 
lysed g ranu les  of P M N L  a f t e r  t h e  inges t ion  of a n t i g e n  
a n t i b o d y  complexes  on  h u m a n  de r ived  t i ssue  cul tures .  

I n  a n  a t t e m p t  to  d e t e r m i n e  w h e t h e r  t he  s l igh t ly  bas ic  
p H  of t h e  m e d i u m  was  respons ib le  for t h e  lack of a c t i v i t y  
of t he  lysosomes,  t he  p H  of t he  m e d i u m  was decreased  to 
6.2. However ,  t he re  was no a l t e r a t i o n  in t he  g r o w t h  of t he  
cells, no r  was  t he re  a n y  cell damage .  1 0 - 4 M  CPZ a n d  5% 
DMSO, subs t ances  k n o w n  to cause  cell d e s t r u c t i o n  a f t e r  
24 h 9, were added  to  t h e  m e d i u m  for 8 h, a pe r iod  of t i m e  
suff ic ient  tO p roduce  m e m b r a n e  a l t e ra t ion .  However ,  
a f t e r  t h e  r e m o v a l  of these  subs tances ,  t he  v i t a m i n  A 
wh ich  was added  fai led to cause  a n y  lysosomal  or  cel lular  
a l t e r a t i ons  a n d  t he  cu l t u r ed  ceils c o n t i n u e d  to  grow 
norma l ly .  

JANOFF a n d  SCHAEFER 14, MOVAT et  al. ~3 a n d  THOMAS i5 
showed  e n h a n c e d  p e r m e a b i l i t y  of b lood  vessels,  local  
h e m o r r h a g e s  a n d  necrosis  in  t he  va scu l a r  s y s t e m  p r o d u c e d  
b y  P M N L  lysosomes  a n d  lysosomal  mate r ia l s .  

Desp i te  t h e  fac t  t h a t  we could n o t  d e m o n s t r a t e  cell 
des t ruc t ion ,  a n d  a l t h o u g h  t he  ce l l  cu l tu res  in  our  mode l  
are devo id  of a va scu l a r  sys tem,  i t  is poss ib le  t h a t  t h e  
a b o v e  m e c h a n i s m  m a y  t a k e  place  in FIFO. The  lysosomal  
enzymes  re leased fol lowing t he  necrosis  m a y  in t u r n  
change  t h e  an t i gen i c i t y  of h e a r t  t issue. T h e  f o r m a t i o n  of 
c i r cu la t ing  an t ibod ie s  a n d  sens i t ized  l y m p h o c y t e s  to  these  
' newly '  fo rmed  an t igens ,  as ha s  been  ear l ier  sugges ted  b y  
LAUFER a n d  DAVIES16, would  be  able  to  p e r p e t u a t e  t h e  
process,  even  a f t e r  t he  r e m o v a l  of t he  p r i m a r y  cause. 

Zusammen/assung. I s o l i e r t e  L y s o s o m e n  wie s u c h  
i n t a k t e  M o n o z y t e n  h a t t e n  k e i n e n  z y t o p a t h i s c h e n  E in -  
fluss au f  Herzmuske lze l l en  yon  R a t t e n ,  gez i ich te t  im  
M e d i u m  m i t  p H  7,2. F i n  e rn iedr ig tes  M e d i u m  wie s u c h  
N a c h b e h a n d l u n g e n  de r  K u l t u r e n  m i t  V i t a m i n  A n a c h  
C h l o r p r o m a z i n  10 -4 k o n n t e n  k e i n e n  synerg i s t i sch  zer- 
s t 6 r e n d e n  Einf luss  auf  die H e r z k u l t u r e n  he rvo r ru fen .  
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Effect of lysosomes and lysosomal enzymes from various sources on 
rat heart and kidney cell culture 

Source of lysosomes Lysosomes from Cytopathic 
mg organ effect 
(wet weight) 

Rat liver 80 
Guinea-pig liver 80 - 
Mouse liver 80 - 
Guinea-pig PMNL lysosomes equal to 107 cells 
Guinea-pig monocytes' lysosomes 107 cells 
equal to 
Guinea-pig monoeytes (whole) 107 cells - 
Guinea-pig monocytes (whole) and 107 cells 
vitamin A ! 0 ~g[ml 
Guinea-pig PMNL (whole) 10 ~ ceils - 
Guinea-pig PMNL (whole) and 10 ~ cells - 
vitamin A 10 ~zg/ml 
Rat liver (after sonieation) 80 - 
Rat liver (after sonieation) and 80 
vitamin A acid 10 vg/ml 

After 5 days. 
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