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the  t r aumat i c  react ion ad jacent  to in ject ion site. F r o m  
this t ime  on, this type  of f luorescence became more 
intense and widespread. In  the  control  animals,  fluores- 
cence was observed in the  phagocyt ic  cells ad jacen t  to 
inject ion site. 

Elec t ron  microscopic examif ta t ion carried ou t  on the  
f i f th  post- inoculat ion day  revealed in t racy toplasmic  crys- 
tal loid s t ructures  made  up of particles,  the  size and shape 
of which corresponded to those of poliovirus.  These 
crystal loid part ic le  aggregates  were repea ted ly  observed 
in mononuclear  e lements  of the  i n f l ammato ry  inf i l t rates  
as well  as in the  endotheliaI  cells of the  in t raspinal  blood 
vessels. Noth ing  was seen in the  nerve  cells, which could 
be t aken  to signify the  presence of poliovirus 9, ~0. 

Virological  assays showed t h a t  bo th  v i ru len t  and 
a t t enua ted  viruses mul t ip l ied  rapid ly  in the  lumbar  
region after  in t raspinal  inoculat ion,  the  m a x i m u m  t i t re  
being achieved wi th in  the  first 24 h. F r o m  the  second day, 
a decrease was observed which was more pronounced 
for the a t t enua ted  virus. In  the o ther  regions of the centra l  
nervous  system, a rising t i t re  of v i ru len t  virus  became 
apparen t  f rom the  3rd day, whereas no virus was de tec ted  
wi th  the  a t t enua ted  strain.  

Our findings indicate  t ha t  i n f l ammato ry  cells including 
ac t iva ted  microglial  cells and cells of the  vascular  walls 
show a close associatiofl wi th  the  poliovirus.  The immuno-  
fluorescence of some of the  i n f l ammato ry  cells, the  elec- 
t ronmicroscopic  demons t ra t ion  of poliovirus-l ike crystals  
and the  virus assays, all indicate  the  po ten t ia l  capac i ty  
of some of the  i n f l ammato ry  cells to repl icate  the  polio- 
virus. 

The fluorescence in the  control  animals  suggest t h a t  
this f inding in some phagocyt ic  cells of pol iomyel i t ic  
monkeys  m a y  signify ano ther  process, i.e. virus up take  
( 'viropexis ') .  Wheneve r  pinocytosis  of an infectious par- 
t icle occurs, the i n f l ammato ry  cell can serve as a 'vector ' ,  
p rov id ing  local spread of virus. 

To unders tand  the  deve lopment  of the  v i ru len t  infec- 
t ious process it  is necessary to keep in mind  not  only the  
pathogenic  act ivi t ies  of the  individual  i n f l ammato ry  cells, 
bu t  also the  circumstances under  which these act ivi t ies  
t ake  place. The  whole process can be compared  to an 
'ep idemic '  wi th in  the  great ly  enlarged popula t ion  of 
closely packed ceils of the  in f lammed nervous  tissue. The  
crowding and mobi l i ty  of the  ma jo r i ty  of these cells thus  
facil i tates the  local spread of infection. The  nerve  cells, 
which make  up a small  f ract ion of this cell populat ion,  

become infected in the course of this ' epidemic '  together  
wi th  o ther  non-neural  potent ia l  host  cells. They  probably  
do not  par t ic ipa te  s ignif icant ly in the  virus replication,  
because their  intracet lular  metabol i sm is rapidly  damaged 
by  the  v i ra l  genome, often before the  virus repl icat ion 
can be ini t iated.  Thei r  pa thogenic  role appears  ra ther  to 
rest on their  abi l i ty  to t r igger  the  ' secondary '  i n f l ammato ry  
reaction. The in f l ammato ry  elements are then  responsible 
for repl icat ion and spread of the  virus. 

The  results allow the conclusion tha t  the  i n f l ammato ry  
reaction, apar t  f rdm its defensive funct ion n, plays an  
impor t an t  pathogenic  role in the  deve lopment  of polio- 
virus infection. Both  defensive and aggressive mechanisms 
run paral lel  wi th in  the  heterogeneous cell popula t ion  of 
the  focus of infection bu t  opposing one another.  Their  
in tens i ty  and mu tua l  relat ionship will de termine  the  
course of the  infectious process. 

Zusammen/assung. Das S tud ium der sich entwickelnden 
entzi indl ichen Reak t ion  auf mi t  a t t enu ie r t em und viru-  
l en tem Poliovirus  infizierten Affen zeigte, dass diese in der 
Pathogenese  der Pol iomyel i t is  eine defensive und eine 
aggressive Rolle  spielt. Die  erstere umfass t  eine unspezi-  
fische, sekund/ire An twor t  auf die Nervensch~idigung 
(Neuronophagie) und eine spezifische, prim~ire IReaktion 
auf das virale  Ant igen (lokaIe Immunreakt ion) .  Die 
le tz tere  ist  vor  allem dadurch  gekennzeichnet,  dass einige 
der mobilen entzi indl ichen E lemen te  das Poliovirus repli- 
zieren und wet ter  verbre i ten  k6nnen. 
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The A m p h i b i a n  Lens :  a T h r e e  Month  O r g a n  Culture  1 

Several  years ago this l abora tory  repor ted  t h a t  i t  is 
possible to ma in ta in  the  ocular  lens of the  bullfrog (Rana 
catesbeiana) in organ cul ture  for at  least  seven days  ~. 
We implied then  t h a t  the  cul ture sys tem described would 
probably  also pe rmi t  cu l t iva t ion  for far longer periods. 
Da ta  to be presented in the  current  account  will  show 
tha t  this is so - t ha t  in fact  one can main ta in  bullfrog 
lenses in cul ture for periods up to 3 months .  

Experimental. Lenses were isolated f rom enucleated 
eyes by  techniques  tha t  have  been ful ly discussed else- 
where 3. They  were then  cul tured in ei ther  of 2 media.  
The  first, 'A-199',  consists of 88.3% water ;  5% sodium 
bicarbonate  (55 g/l); and 6.7% 10X 1994 (Grand Is land 
Biological  Co., Grand Island, NewYork ,  USA).  The  
second, 'R20' ,  has the  following composi t ion:  5.3% 
10X 199, 3.0% sodium bicarbonate  (55 g/l), 71.7% H~O 

and 20% rabbi t  serum (Pel-Freez Biologicals, Inc., 
Rogers, Arkansas,  USA).  Bo th  fluids are approx ima te ly  
isosmotic wi th  bullfrog aqueous  humor  (225-235 mOsm) 
and have  a p H  of 7.1-7.2. Penicillin, 50 uni ts /ml,  and 
s t reptomycin ,  50 ~g/ml, were added to the  media  prior  
to explanta t ion .  Each  lens was placed in a silicone 
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Fig. 1. Posterior capsule of a lens that  was cultured for 84 days. 
This region normal ly  has no cells. However, after explantation to 
'R20' cells have migrated and can be seen dividing in this locale. 
Note the 'metaphase figure and also the range of nuclear sizes. 
Approximately. • 400. 

Fig. 3. Photomicrograph of the anterior capsule of a lens cultured 
for 30 days in 'A-199'. Notice that ,  although a mitotic figure is 
present, the cell population density is relatively light; it remains 
so for the longest culture periods that  have been studied. • 250. 

Fig. 2. Photomicrograph of the anterior capsule from a lens that  
was cultured for 84 days in 'R20'. The ceil population density is 
heavy and 2 mitotic figures are apparent. The approximate density 
of cells shown in the photograph is usually achieved between 2-3 
weeks post-isolation. • 250. 

s t o p p e r e d  s p e c i m e n  j a r  to  w h i c h  w a s  a d d e d  30 c m  a of  
m e d i u m .  T h i s  m e d i u m  w a s  r e n e w e d  o n c e  e a c h  w e e k  a f t e r  
t h e  i n i t i a t i o n  of  c u l t u r e .  G a s s i n g  w a s  f o u n d  t o  b e  u n -  
n e c e s s a r y ;  t h e  p H  d i d  n o t  v a r y  b y  m o r e  t h a n  0 . 1 - 0 . 2  
u n i t s .  T h e  t i s s u e  w a s  f i x e d  in  C a r n o y ' s  f lu id  a t  a n u m b e r  
o f  i n t e r v a l s  v a r y i n g  f r o m  1 w e e k  t o  3 m o n t h s  p o s t -  
i s o l a t i o n .  W h o l e  m o u n t s  of  t h e  e p i t h e l i u m  were  p r e p a r e d  
as  d e s c r i b e d  p r e v i o u s l y  a a n d  we re  s t a i n e d  w i t h  (3 :1)  
H a r r i s  h e m a t o x y l i n  for  15 m i n .  

Results  and discussion. T h e  l e n s e s  t h a t  w e r e  c u l t u r e d  
in  ' R 2 0 '  ( the  s e r u m  c o n t a i n i n g  m e d i u m )  r e t a i n e d  re la -  
t i v e l y  g o o d  t r a n s p a r e n c y  fo r  t h e  f i r s t  w e e k  o r  so  b e f o r e  
s m a l l  o p a c i t i e s  s t a r t e d  to  a p p e a r  in  s o m e .  T u r b i d i t y  a t  
t h e  e q u a t o r i a l  z o n e  w a s  a l so  c o m m o n .  M i t o t i c  a c t i v i t y  
w a s  h e a v y  b e g i n n i n g  31/2 d a y s  a f t e r  e x p l a n t a t i o n .  I t  
c o n t i n u e d  a t  v a r y i n g  l eve l s  for  t h e  e n t i r e  c u l t u r e  p e r i o d  
(3 m o n t h s ) .  B y  a b o u t  2 w e e k s  a f t e r  i s o l a t i o n  t h e  cel ls  

on the anterior surface of the lens begin to migrate toward 
the posterior. This is of some interest since there are 
usually no epithelial cells on the posterior surface. During 
their movement to this position the cells assume a Iibro- 
blastic appearance, the nuclei become elongated and 
division figures materialize (Figure i). After 1 month 
the cell density on the anterior surface has become 
greater (Figure 2). In contrast to the 'R20' culture, the 
lenses in 'A-199' showed a very low level of mitotic 
activity. This was reflected in both the relative numbers 
of mitotic figures observed in each type of system at a 
given time and also by their cell population densities 
(Figure 3). However, in the 'A-199' material the cells 
also migrated from the front to the back of the lens 
and many of them underwent mitosis. The cells main- 
tained in 'A-199' did not survive for more than 2 months. 

The longest period for which the lens of any vertebrate 
has previously been cultured is 46 days. This work was 
done by BITO and HARDING 5 with rabbit tissue. Medium 
199 was used in these studies. In the present report it 
has been shown that frog lenses can be maintained for 
more than 56 days in what is, essentially, a diluted 199, 
and, for at least 84 days in a serum containing medium. 
It is of interest that BITO and HARDING also observed 
a migration of anterior epithelial cells to the posterior 
side. Another important parallel is that serum containing 
media stimulate heavy mitotic activity in both mam- 
mals 6 and amphibians 2. Thus 'A-199' is, basically, a 
maintenance medium while 'R20' supports growth. 

When lenses are injured in the in vivo situation the 
cells are also stimulated to divide 7. Preliminary results 
in our laboratory suggest that it may be possible to 
follow the healing process in lenses that have been 
wounded in vivo and then immediately transferred to 
'A-199'. Clearly, the 'R20' would not be ideal for this 

5 L. Z. BITO and C. V. HARDING, Expl Eye Res. 4, 146 (1965). 
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Res. I, 457 (1962). 
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37, 440 (1965). 
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t y p e  of s t u d y  because  one p ro l i fe ra t ive  response  would  
be supe r imposed  upon  ano the r .  Years  ago, BAKKER s 
u n d e r t o o k  th i s  sor t  of inves t iga t ion ,  us ing  a pe r i tonea l  
e x u d a t e  as a cu l tu re  fluid. The  compos i t ion  of t h a t  f luid 
is, of course, u n k n o w n .  Our  cu l tu re  t e c h n i q u e  shou ld  
al low an  ana lys i s  of some aspects  of w o u n d  hea l ing  as i t  
occurs  in  a n  organized  t i ssue  l iv ing  in a comple t e ly  
def ined cu l tu re  med ium.  

Zusammen/assung. Mit  zwei ve r sch i edenen  Medien  is t  
es e r s tmals  gelungen,  Augenlinsei1 yon  Rana catesbeiana 

m e h r  als 6 W o c h e n  z u  ku l t iv ie ren .  Die W a n d e r u n g  u n d  
Tei lung  der  Ep i the l ze l l en  wi rd  beschr ieben .  
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I n t e r a c t i o n  B e t w e e n  M y c o p l a s m a s  and  E h r l i c h  A s c i t e s  T u m o r  Ce l l s  

M00RE and  DIAMOND 1 d e m o n s t r a t e d  t h a t  w h e n  E h r l i ch  
asci tes  c a r c i n o m a  cells or s a r coma  180 ceils were mixed  
e i the r  w i t h  in f luenza  v i rus  or Newcas t le  disease v i rus  a n d  
i m m e d i a t e l y  i nocu la t ed  in to  mice, p r o n o u n c e d  inh ib i t i on  
of t u m o r  g r o w t h  resul ted .  Colonies of severa l  m y c o p l a s m a  
species possess t he  p r o p e r t y  to  adso rb  ery~hrocytes  2-~. 
I n  addi t ion ,  t he  adso rp t ion  of h u m a n  and  b o v i n e  spe rma-  
eozoaL t i ssue  cu l tu re  cells inc lud ing  He la  cells4, 6,7 h a s  
also been  repor ted .  This  c o m m u n i c a t i o n  descr ibes  t h e  
n a t u r e  of i n t e r ac t i on  be tween  t he  m y c o p l a s m a s  a n d  t h e  
E h r l i c h  asci tes  c a r c i n o m a  cells a n d  t he  in v ivo  fa te  of 
these  t u m o r  cells a f te r  exposure  to  mycop lasmas .  

Material and methods. Two di f fe rent  s t r a in s  of M. galli- 
septicum and  one of M. pneumoniae were used in t he  p r e s en t  
s tudy .  For  growing t he  mycop lasmas ,  t he  med ia  ( P P L O  
b r o t h  a n d  P P L O  agar) were p r e p a r e d  accord ing  to t h e  
m e t h o d  of CHANOCK et  al. s excep t  t h a t  in  place of 10% 
u n h e a t e d  horse  serum, 10% GG-free horse  se rum (Grand  
I s l and  Biological  Co. N e w Y o r k )  was employed  a n d  t h e  
p H  of t he  aga r  m e d i u m  was ad ju s t ed  to 6.5. The  asci t ic  
f luid f rom mice (NMIRI s t ra in ,  18-20 g) wh ich  h a d  been  
i m p l a n t e d  w i t h  10 ~ E h r l i c h  t u m o r  cells (ETC) in t he i r  
pe r i tonea l  c a v i t y  5 days  earlier,  was w i t h d r a w n ,  s epa ra t ed  
f rom asci t ic  p l a s m a  a n d  w a s h e d  r epea t ed ly  w i t h  H a n k s  
ba l anced  sa l t  so lu t ion  (13SS) a t  low speed cen t r i f ug a t i o n  
to e l imina te  e ry th rocy te s ,  and  t h e n  r e suspended  in e i the r  
p h o s p h a t e  buf fe red-sa l ine  (P13S) a d j u s t e d  to a p H  of 7.2 
or B S S  to  a . c o n c e n t r a t i o n  of 2 • 105 cells per  ml. Expe r i -  
m e n t s  were car r ied  ou t  to  s t u d y  t he  a d s o r p t i o n  of E T C 
to colonies of m y c o p l a s m a s  g rown c n aga r  plates ,  to  shee ts  
of m y c o p l a s m a s  a t t a c h e d  to t he  b o t t o m  of p las t ic  Pe t r i  
dishes and  to  examine  t he  in t e rac t ion  of t u m o r  cells w i t h  
m y c o p l a s m a s  in suspension.  

The  t echn iques  for s t u d y i n g  the  a d s o r p t i o n  p h e n o m e n o n  
w i t h  m y c o p l a s m a  colonies and  m y c o p l a s m a  shee ts  were 
essent ia l ly  those  deve loped  b y  MANCHEE and  TAYLOR- 
ROBINSON a,6. F o r  s t u d y i n g  t he  i n t e r ac t i on  be tween  t h e  
t u m o r  cells and  t he  m y c o p l a s m a s  in  suspension,  t h e  
m y c o p l a s m a  suspens ions  c o n t a i n i n g  10 ~ co lony- forming  
un i t s  (CFU)/0.2 ml  were p r e p a r e d  f rom 3-4-day-o ld  b r o t h  
cu l tu res  of t he  respec t ive  m y c o p l a s m a  s t ra ins ,  washed  
twice  w i t h  13SS before  r e suspend ing  t o  or ig inal  concen-  
t r a t i o n  in BSS.  5.2 ml  por t ions  of th i s  suspens ion  were 
t h e n  mixed  w i t h  0.8 ml  of t he  t u m o r  cell suspens ion  
a d j u s t e d  to a c o n c e n t r a t i o n  of 2 • 10 ~ cells pe r  ml  a n d  
p r e p a r e d  also in 13 S S. Af te r  m i x i n g  t he  con ten t s ,  a sample  
was r e m o v e d  i m m e d i a t e l y  for m y c o p l a s m a  t i t r a t i o n  an d  
t he  m i x t u r e s  were t h e n  i n c u b a t e d  a t  37~ Su i t ab le  
cont ro l s  to  t e s t  t he  su rv iva l  of t u m o r  cells and  myco-  
p l a smas  in t he  suspend ing  m e d i u m  over  a 2 h per iod  a t  
37 ~ were also included.  A t  t i m e d  in t e rva l s  1 ml  of t h e  

. sample  was r e m o v e d  f rom the  mix tu re ,  t he  cells s ed imen ted  

a t  900g for 10 m i n  an d  the  t i t e r  of t h e  m y c o p l a s m a s  
d e t e r m i n e d  in t h e  s u p e r n a t a n t .  The  a m o u n t  of cell- 
assoc ia ted  m y c o p l a s m a s  a t  a g iven  t i m e  was d e t e r m i n e d  
b y  difference b e t w e e n  t h e  t i t e r  of t h e  m y c o p l a s m a s  found  
in the  s u p e r n a t a n t  a n d  t h e  t i t e r  of t h e  or ig inal  inoculum.  

Results and discussion. I t  was  obse rved  t h a t  t h e  t u m o r  
cells b e c a m e  adso rbed  to the  colonies (Figure) as well  as  
the  sheets  of t h e  t e s t  m y c o p l a s m a  s t ra ins .  I t  could be  
n o t e d  t h a t  t h e  3 m y c o p l a s m a  s t r a in s  adso rbed  t h e  t u m o r  
cells on to  t h e  surface of t h e i r  colonies w h e n  t h e  tes t s  were  
car r ied  o u t  a t  37 ~ T h e  adso rp t ion  was also obse rved  a t  
4 ~ b u t  t h e  process  was ve ry  slow a n d  fewer t u m o r  cells 
p a r t i c i p a t e d  in t h e  in te rac t ion .  T h e  i n t e r ac t i o n  of t h e  

Adsorption of Ehrlich ascites carcinoma cells to a colony of M. pneu- 
moniae (Strain FH-Liu). • 400. 
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