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response to electrical stimulation. The second group had 
the following characteristics: 1. The voltage of the re- 
sponse was lower than the first group; 2. the t ime course 
of the rise of the evoked potential  was slower than that  
of controls; 3. the voltage of the response was unstable 
and was made up of a number of peaks, the pat tern of 
which was irregular; and 4. the ampli tude of the ,response 
was labile and showed marked fatigue to repetit ive 
stimulation. 

Ganglia were subsequently subjected to pharmaco- 
logical studies to establish whether or not 2 groups of 
ganglia could also be differentiated on the basis of their 
synaptic pharmacology. Some of these ganglia had the 
4 characteristics of the novel electrical response listed 
above. In the latter preparations, repetit ive stimulation 
(0.3 msec, 20 Hz, supramaximal, 30-60 rain) of the 
splenic nerve abolished the ganglionic and the post- 
ganglionic responses to electrical stimulation and no 
restoration occurred with prolonged rest (up to 3 h). 
Complete restoration was accomplished, however, within 
30 rain after the addition of 25 ng/ml DL-3, 4-dihydroxy- 
phenylalanine (DOPA) to the bath medium (Figure 2A). 
Following a second stimulation period and rest period, 
complete restoration was seen in less than 8 min after 
the addition of a higher concentration of DOPA (125 ng/ml) 
(Figure 2 ]3). DOPA by itself was only capable of restoring 
the abolished ganglionic response 2 or 3 times. Ganglionic 
transmission was thereafter restored only by the com- 
bined addition Of DOPA and pyridoxal phosphate (pp, 
0.05 mM) to the bath  (Figure 2C). This DOPA-dependent  
ganglionic transmission was blocked by the ganglionic 
blocker, hexamethonium bromide (70 izg/ml) (Figure 2C). 

In one of these 5 splenic reinnervated ganglia, no 
response was detected 2 h after isolation (normal recovery 
period). The addition of pp and DOPA to the bath 
yielded a ganglionic response to electrical stimulation 
within 10 min. 

As a control, normal L, ganglia and self-reinnervated 
L4 ganglia (reinnervated with its own preganglionic fibers 
from the sympathetic chain) were subjected to the same 
treatment.  Following stimulation and recovery the gan- 
glionic response showed at  most a slight decrease in 
amplitude. Addition of pp alone caused a slight increase 
in the amplitude of the response, while DOPA alone or 
in combination with pp caused a decrease. Likewise, the 
compound action potentials of an isolated normal splenic 

nerve, showed a decreased ampli tude after the addition 
of DOPA to the bath. 

The data presented here suggest tha t  when the L 4 
sympathetic ganglion is reinnervated with fibers from 
the splenic nerve, new excitatory synapses are formed. 
In about half of the cases, the reinnervated ganglion 
shows normal electrophysiological responses, probably 
due to the presence of cholinergic fibers. The novel 
electrophysiological response of the other reinnervated 
ganglia and the dependence of their synaptic act ivation 
on the presence of DOPA and pp suggests that  these 
sympathetic  neurons may now have 'adrenergic'  pre- 
ganglionic fibers. Unti l  further studies are done, how- 
ever, a cholinergic component cannot be ruled out nor 
can the hexamethonium sensitivity be explicitly inter- 
preted as an action of t h e  monoaminergic t ransmit ter  
on a nicotinic receptor. The sympathetic  homoneuro- 
graft may provide a unique preparation for the analysis 
of sympathetic  physiology and for synaptic plasticity xs. 

Zusammen[assung. Sympathische Ganglien, wenn mit  
Fasern des N.  splenicus reinnerviert, bilden 2 pharmako- 
logisch differente Synapsengruppen: normale, yore cho- 
tinergischen Typ und ca. 20% exitatorische yore <~mono- 
aminergisehen~ Typ, wenn sic yon adrenergen Fasern 
reinnerviert  wurden. 
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Synchronous Growth of PolytomeUa agilis 
The growth characteristics of the flagellate protozoan, 

Polytomella agilis, have been studied in batch cultureL 
Under these conditions, cell volume, protein and carbo- 
hydrate decline during the logarithmic phase of growth. 
Thus, in spite of the constant rate of cell multiplication 
the growth of the population is unbalanced. From these 
observations, it is difficult to come to any meaningful 
conclusions about  the description or regulation of growth 
of single cells in the population. Therefore, cultures of 
this organism were synchronized by means of a repeti t ive 
temperature cycle, using the rationale of JAMES ~. 

Ceils were grown in 500 ml Erlenmeyer flasks in a 
complex medium consisting of 0.2% (w]v) tryptone, 
0.1% (w/v) yeast extract  and 0.2% (w/v) sodium acetate. 
Cell counts were made periodically using a hemocyto- 
meter. I t  was found tha t  a cycle of 22 h at 9°C followed 
by 2 h at 2S°C resulted in the complete doubling of 

the population during the warm period. This IS in con- 
trast to the mean generation times of this organism in 
batch cultures grown at these temperatures, which are 
32 and 4.7 h respectively. 

Figure 1 illustrates the synchronous growth of a 
population maintained on this repeti t ive temperature 
cycle. In addition to the change in cell number, the 
change in the division index (the proportion of cells 
undergoing division at any time) from 0.2% during the 
cold period to between 0.8% and 1.5% of the population 

i p. S/IEELER, M, CANTOR and J. MooRE, Protoplasma 69, 171 
(1970). 

2 T. W. JAMES, in Synchrony in Cell Division and Growtk (Ed. 
E. ZEUT~EY; John Wiley and Sons, Inc., New York 1964), p. 323. 
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d u r i n g  t he  w a r m  per iod  is i nd ica t ed .  Us ing  a mod i f i ed  
fo rm of a n  e q u a t i o n  d e r i v e d  b y  COOK and  JAMES', i t  is 
poss ible  to  e s t i m a t e  t h e  f iss ion t i m e  of ceils, n a m e l y  

coin (DI + 1) DT 
FT= 

co/n 2 

where  F T  is t h e  t i m e  r equ i r ed  for a cell t o  d iv ide ,  D I  is 
t h e  d iv i s ion  i n d e x  a n d  D T  is t h e  d o u b l i n g  t i m e  of t h e  
popu l a t i o n .  F o r  a d o u b l i n g  t i m e  of 2 h, t h e  f iss ion t i m e  
is ca l cu l a t ed  to  b e  a p p r o x i m a t e l y  1 . 4 - 1 . 8 m i n .  Th i s  
e s t i m a t e  is ve r i f i ed  b y  v i sua l  obse rva t ion .  

The  b i o s y n t h e t i c  ac t iv i t i e s  of t h e  ceils a re  con f ined  to  
t h e  n o n d i v i d i n g  p o r t i o n  of t h e  cell  cycle. Cel lu lar  p ro te in ,  
a n a l y z e d  b y  t h e  m e t h o d  of LOWRY e t  a l : ,  a n d  RNA,  
e s t i m a t e d  w i t h  D N A  b y  a modi f i ed  SCHMIDT-T~ANN- 
nAOSER ~ t echn ique ,  a l m o s t  doub le  d u r i n g  t he  cold pe r iod  
(Figures  2 a n d  3). Cel lu lar  D N A  increases  more  t h a n  
3-fold d u r i n g  t h e  s ame  p o r t i o n  of t h e  cycle (Figure  3). 
T h e  coup l ing  of R N A  a n d  p r o t e i n  b i o s y n t h e t i c  r a t e s  is 
c o n s i s t e n t  w i t h  t h e  n o t i o n  of b a l a n c e d  g r o w t h  u n d e r  
cond i t i ons  of s y n c h r o n o u s  g rowth .  T he  m a r k e d  decrease  
in  t h e  D N A  c o n t e n t  d u r i n g  t h e  w a r m  per iod  sugges ts  
t h a t  a m a j o r  p o r t i o n  of t h i s  c o n s t i t u e n t  is deg raded  in to  
i ts  c o m p o n e n t  nuc leo t ides  a t  t h e  t i m e  of d iv is ion.  D u r i n g  
p r e p a r a t i o n ,  these  molecules  are  e x t r a c t e d  a n d  conse-  
q u e n t l y  n o t  measu red .  T h e  increase  in D N A  d u r i n g  t h e  
n o n d i v i d i n g  p o r t i o n  of t h e  cycle m a y  be  e x p l a i n e d  in  
3 poss ib le  w a y s :  1. T h e  c h r o m o s o m e s  m a y  be  po ly tene .  
2. T h e r e  m a y  be  a n  increase  in t h e  p lo idy  of t h e  cell. 
3. T h e r e  m a y  be  c o n t i n u o u s  D N A  s y n t h e s i s  w i t h  t h e  
l ike l ihood  of seve ra l  r o u n d s  of r ep l i ca t ion  d u r i n g  t h e  
cold per iod.  I n  a n y  case, t he  d a t a  sugges t  t h a t  cel l  
d iv i s ion  in P .  ag i l i s  is n o t  t r igge red  b y  t h e  d o u b l i n g  of  
i t s  D N A  c o n t e n t .  

O x y g e n  c o n s u m p t i o n  over  t he  en t i r e  cell  cycle was 
m e a s u r e d  b y  m e a n s  of W a r b u r g  m a n o m e t r y .  D u r i n g  
t i le  w a r m  pe r iod  a n d  f i r s t  6 h of t h e  cold per iod ,  t he  
r a t e s  of o x y g e n  c o n s u m p t i o n  (Qoe) are 9.7 a n d  9,8 a l  
O~/h/10 ~ cells respec t ive ly .  The  Qo2 doub le s  b y  18 h in 
t h e  cold pe r iod  to  17.5 ~±1 O2/h]106 cells (see Table) .  I t  
is n o t  y e t  c e r t a i n  w h e t h e r  t he se  d a t a  ref lec t  a d o u b l i n g  
of t h e  m i t o c h o n d r i a  pe r  cell or  a n  increase  in m i t o c h o n -  
d r i a l  a c t i v i t y  a s soc ia t ed  w i t h  inc reased  cel lu lar  b iosyn-  
t h e t i c  activity, .  P r e l i m i n a r y  s tud ies  of whole  cells a n d  

Respiration of synchronized Polytomella agilis 

Phase of cycle Qo~ 
([zl 02/106 cells/h) 

Warm period 9.71 4- 2.4 (9) 
Cold period 

Early 9.84 :~: 2.3 (11) 
Late 17.57 :~: 4.5 (9) 

All values are given -4- the standard deviation. The figures in paren- 
theses indicate the number of experiments. 

3 j .  R. COOK and T. W. JAMES, in Synehrony in Cell Division and 
Growth (Ed. E. ZEt~TnEN; John Wiley and Sons, Inc., New York 
1964), p. 485. 

* O.H.  LOWRY, N. J. ROSEBROUGtt, A. K. FARR and R. J. RANDALL, 

J. biol. Chem. 193, 265 (1951). 
5 G. SCHMIDT and S. J. THANNHAIISE.R, J. biol. Chem. 161, 83 (1954). 
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Fig. 1. Synchronous division of Polygomdla agilis, The upper curve 
shows the cell number during the 2 h warm period (25 °C) and the 
22 h cold period (9°C). The lower curve indicates the division index 
(proportion of cells in fission) over the cell cycle. 
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Fig. 2. Protein cbanges during the synchronous growth of P. agilis. 
The upper curve shows the changes in cell number over the cell 
cycle. The lower curve indicates the cellular protein content ([zg/106 
cells) sampled at the indicated times. 
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mi tochondr ia l  f ract ions  ind ica te  t h a t  there  is a marked  
increase in respi ra t ion in the  la te  logar i thmic  and ear ly  
s t a t ionary  phases of t he  g rowth  curve  when  the  ra te  of 
cell  d iv is ion  decreases 6 Metabol ic  a c t i v i t y  becomes more  
pronounced  in the  absence of  cell division.  
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Fig, 3. Nucteic acid changes during the synchronous growth of 
P. agilis. The upper curve shows the changes in celt number over 
the cell cycle. The lower curve indicates the cellular RNA and 
DNA content of cells sampled at the indicated times. All values are 
expressed as ~g]10 ~ cells. 

The  use of synchronized  popula t ions  of th is  o rganism 
will  fac i l i ta te  s tudies  of o ther  aspects  of its physiology.  
P. agilis is capable  of e n c y s t m e n t  in t he  course of i ts  
l ife cycle, Some of t he  b iochemical  and morphologica l  
changes  associated wi th  this process of  cel lular  differen-  
t i a t ion  h a v e  a l ready  been described% 8. More precise 
s tudy  of the  even ts  occurr ing in encys tmen t  should be 
possible in synchronized populat ions .  Metabol ic  adap ta -  
t ion for the  u t i l iza t ion of p rop iona te  and b u t y r a t e  as 
carbon sources for growth  have  been described in ba tch  
cul tures  9. The  absence of balanced growth  under  these  
condi t ions  render  any  a t t e m p t  to specify control  mecha-  
n isms inadequate .  Synchronized  popula t ions  will  also 
be useful for t h e  s t udy  of metabo l ic  regu la to ry  mecha-  
nisms in th is  organism,  

Zusammen/assung. Das W a c h s t u m  des Infusors  Poly- 
tomella agilis kann durch  wiederhol te  T e m p e r a t u r r h y t h -  
men  yon  22 h bei 9°C und 2 h bei 25°C synchronis ier t  
werden.  Verdoppelung der Zel lpopula t ion f inder in der 
Wit rmeper iode  s ta r t  und der  A t m u n g s r a t e  in der  KAlte- 
periode, auf  welche die Biosynthese  beschrAnkt bleibt .  
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L o n g  T e r m  T o x i c i t y  S t u d i e s  w i t h  E n d o t o x o i d  i n  M o n k e y s  

Changes in d i f ferent  pa ramete r s  caused by  endotoxins  
in expe r imen ta l  an imals  are  essent ia l ly  inf luenced by  
p r e t r e a t m e n t  wi th  endotoxoid  x-3 a de toxi f ied  endotox in  
f rom S. marcescens 4. Considerable  p ro tec t ion  agains t  
le tha l  doses of X- i r rad ia t ion  is ach ieved  af ter  a single 
in t ravenous  appl ica t ion  of endotoxoid  in mice ~,z. A 
cer ta in  pro tec t ion  also was observed  af ter  in t raper i -  
toneal  admin i s t r a t ion  s. 

In  v i ta lmicroscopica l  observa t ions  the  severe d is turb-  
ances of the  capi l la ry  bed fol lowing inject ion of endo- 
toxins  fai l  to appear  af ter  p r e t r e a t m e n t  wi th  endo- 
toxoid2,L Moreover ,  an imals  surv ive  le tha l  doses of 
endotoxins  f rom di f ferent  g ram-nega t ive  bac te r ia  af ter  
a single in jec t ion  of endotoxoid  z-~, thus  inducing non- 
specific endo tox in  tolerance.  The  clinical  aspects  of  these 
results were po in ted  ou t  S . Re la t ed  s tudies  in h u m a n  
volunteers  revea led  t h a t  endo tox in- induced  a l te ra t ions  
are mi t iga t ed  by  p r e t r e a t m e n t  w i th  endotoxoid  s,9. 

In  add i t ion  to  ex tens ive  exper iments  in var ious  species, 
c l in ico- therapeut ic  research wi th  endotoxoid  in humans  
implicates  long t e rm tox ic i ty  studies wi th  this  substance 
in pr imates .  The  ob jec t ive  of these exper iments  was to 
s tudy  the  effect of endotoxoid  on the  func t ion  m a i n l y  

of the  liver,  k idneys  and the  hematopo ie t i c  sys tem wi th  
c l inico-chemical  pa ramete r s  as well  as the  effect on al l  
organs de te rmined  by  necropsy and histologic eva lua t ion .  

I n  connect ion  wi th  these  s tudies i t  should be men t ioned  
t h a t  l a te ly  t he  hazard  of per forming  expe r imen t s  in 
monkeys  has  been recognized. A rev iew of infect ions 
wi th  Herpes simiae virus  in t he  Uni t ed  Sta tes  and Grea t  
Br i t a in  t r ansmi t t ed  by  the  l abora to ry  monkeys  Macaca 
mulatta and Macaca philipinensis was publ ished in 
196010 . In  1967 an unknown virus,  la ter  referred to as 
Marburg  v i r u s n - l s  caused an epidemic  in G e r m a n y  and 
Yugos lav ia  infect ing 31 persons among  l abora to ry  and 
clinic personnel ,  of w h o m  7 did no t  survive.  All the  
infected persons had been in con tac t  wi th  cercopithecus 
aethiops or  wi th  mate r ia l  f rom these  animalsn,X4-1L 

Herpes simiae only  produces  a mi t iga t ed  clinical p ic ture  
in monkeys  s imilar  to t h a t  of Herpes hominis in man, so 
t h a t  usual ly  i t  is no t  recognized,  whereas  the  infection 
wi th  the  Marburg  virus  is fa ta l  also to monkeys.  The  
largest  exper imen ta l ly  observed t ime  be tween  inoculat ion 
wi th  the  Marburg  virus and dea th  has been 25 days  in 
monkeys  lS,lL Therefore  s tr ict  quaran t ine  of at  least  8 
weeks should be compulsory  to all monkeys  pr ior  to thei r  


