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T h e  R I S A  da t a ,  as  p r e s e n t e d  in F i g u r e  2, t e n d  to  
s u b s t a n t i a t e  ou r  thes i s  t h a t  t he  i n f l a m m a t o r y  response  
in  t h e  i n t r a p l e u r a l  e d e m a  t e s t  is n o t  p r o d u c e d  i m m e d i a t e l y  
u p o n  in j ec t ion  of t h e  dye  so lu t ion  b u t  deve lops  gradua l ly .  
Howeve r ,  a t  t he  end  of t h e  f i f th  hour ,  a n  i n f l a m m a t o r y  
re sponse  h a d  deve loped  ful ly  as i nd i ca t ed  b y  the  e leva ted  
r a t i o  of r e l a t ive  R I S A  c o n c e n t r a t i o n .  This  i a i sed  t he  
i n t r a p I e u r a l  colloid osmot ic  p ressu re  a n d  a new di f fus ion  
e q u i l i b r i u m  b e t w e e n  t h e  p l eu ra l  c a v i t y  a n d  t h e  p leu ra l  
v a s c n l a t u r e  t h e n  h a d  to  b e  es tab l i shed .  

A level ing  off of t h e  v o l u m e  a n d  p r o t e i n  c o n c e n t r a t i o n  
of t h e  p leu ra l  f luid would  ind ica t e  e s t a b l i s h m e n t  of a new 
equ i l ib r ium,  The  d a t a  for  6 h pos t  dye  i n j ec t i on  show t h a t  
t he  leve l ing  off process  h a d  begun .  I t  is s ign i f ican t  t h a t  
t h e  c o n c e n t r a t i o n  of R I S A / m l  p leu ra l  f luid h a d  become  
a l m o s t  e q u a l  to  t h a t  in  t h e  b lood  (Table  I I )  - a r a t io  of 1 
wou ld  d e n o t e  this .  Th i s  sugges t s  t h a t  a l m o s t  comple t e  
m i x i n g  of p l a s m a  p r o t e i n  w i t h  i n t e r s t i t i a l  p r o t e i n  h a d  
occu r red  ~0. 

Zusammen /assung .  U n t e r s u c h u n g e n  der  au f f a t l ends t en  
V e r R n d e r u n g e n  des p l eu ra l en  E x s u d a t e s  n a e h  expe r imen-  

t e l l em Pleura l /3dem be i  de r  R a t t e  sowie f iber die Aus- 
b r e i t u n g  des  R I S A  aus  den  Pleuralgeff tssen in die I n t e r -  
cos ta lhau t f l t i s s igke i t  sp r echen  dafiir ,  dass  sich die en t -  
z i indl iche  R e a k t i o n  be sonde r s  l a n g s a m  en twicke l t ,  d a  sie 
se lbs t  5 h n a c h  F a r b i n j e k t i o n  n o c h  n i c h t  s i c h t b a r  wurde .  
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Lingually Induced Inhibition of Masseteric Motoneurones  

The  p r inc ipa l  or m a i n  sensory  nuc leus  of V is a c o m p a c t  
nuc leus  of p r e d o m i n a n t l y  smal l  cells wh ich  receives  f ine 
a s c e n d i n g  b r a n c h e s  of p r i m a r y  t r i g e m i n a l  a f fe ren t s  1.~. A t  
i t s  ro s t r a l  e x t e n t  i t  is bo rde red  med ia l l y  b y  t h e  la rge  cells 
of t h e  t r i gemina I  mQtor  nucleus .  I n  th i s  a r ea  a n  ex t ens ion  
of loosely a r r a n g e d  n e u r o n e s  f rom t h e  m a i n  senso ry  
nuc leus  caps  t h e  m o t o r  nuc l eus  dorsa l ly  ~,~,4. Some  
a u t h o r s  cons ider  these  cells to  c o n s t i t u t e  a s e p a r a t e  
nuc l eus  (e.g., t h e  s u p r a t r i g e m i n a l  nuc leus  of LORENTE 
DE N6) I'4'a, whi le  o the r s  descr ibe  t h e m  as t he  med ia l  
p o r t i o n  of t h e  p r inc ipa l  s enso ry  nuc leus  e. S o m a t o t o p i e  
ana lyses  of s ingle u n i t  a c t i v i t y  h a v e  s h o w n  t h a t  t he  b u c c a l  
c a v i t y  is r e p r e s e n t e d  in th i s  area¢,~. I t  h a s  b e e n  sugges ted  
o n  c y t o a r c h i t e c t u r a l  4 a n d  phys io log ica l  s g r o u n d s  t h a t  
t h i s  reg ion  m a y  c o n t a i n  a n  agg r ega t i on  of i n t e r n e u r o n e s  
ac t ive  in  t r i g e m i n a l  ref lex  p a t h w a y s .  To t e s t  t h i s  h y p o t h -  
esis we used  t h e  t r i g e m i n a l  ref lex  f i rs t  desc r ibed  b y  
MILLER a n d  SHERRINGTON l~, in  w h i c h  l ingua l  n e r v e  
s t i m u l a t i o n  p roduces  ref lex open i ng  of t he  j a w  in decere-  
b r a t e  cats .  

A concen t r i c  b ipo la r  s t i m u l a t i n g  e lec t rode  was in se r t ed  
in to  t h e  mesencepha l i c  nuc leus  of V fol lowing cerebel lec-  
t o m y  in  t h e  dece reb ra t e ,  C, sp ina l  sec t ioned  ca t .  A n i m a l s  
were  m a i n t a i n e d  u n d e r  f iaxedi l  a n d  a r t i f ic ia l ly  resp i red .  
T h e  ips i l a t e ra l  masse t e r i c  n e r v e  was  d i ssec ted  a n d  c u t  
d i s t a l ly ;  i t s  c e n t r a l  s t u m p  was  p l a c e d  o n  a b i po l a r  s i lver  
wire  e lec t rode.  T h i s  a r r a n g e m e n t  could  b e  used  e i t he r  for  
r eco rd ing  t he  masse t e r i c  m o n o s y n a p t i c  ref lex i n d u c e d  b y  
s t i m u l a t i o n  of t h e  m e s e n c e p h a l i c  nuc leus  ~, or  for  t h e  
a n t i d r o m i c  e x c i t a t i o n  of masse te r i c  m o t o n e u r o n e s  in 
o rde r  to  i d e n t i f y  t h e m  d u r i n g  i n t r ace l l u l a r  record ing .  T h e  
l ingua l  n e r v e  was  sec t ioned  b i l a t e r a l l y  a t  t h e  p e r i p h e r y  
a n d  t h e  c e n t r a l  s t u m p s  were  s t i m u l a t e d  w i t h  a b ipo la r  
s i lver  wire  col lar  e lec t rode.  KC1 or  K - c i t r a t e  I i l led micro-  
p i p e t t e s  were  used  to  r ecord  e x t r a c e l l u l a r  a n d  i n t r a -  
ce l lu lar  po t en t i a l s .  

W h e n  low t h r e s h o l d  a f f e r en t  f ibers  in  t h e  ips i la te raI  
l ingua l  n e r v e  were s t i m u l a t e d  b y  a s ingle pulse,  a response  

in  t h e  f o r m  of a series of m e m b r a n e  p o t e n t i a l  changes  
were  o b s e r v e d  in masse te r i c  m o t o n e u r o n e s .  A pulse of 
10 #sec  a n d  0.5-1.0 V could  usua l ly  el ici t  t h i s  response ,  
wh ich  was c h a r a c t e r i z e d  b y  3 phases :  p h a s e  1, h y p e r -  
p o l a r i z a t i o n  b e g i n n i n g  w i t h  a l a t e n c y  of 2 .3-2 .9  msec w i t h  
a p e a k  a t  8 -10  msec ;  p h a s e  2, depo l a r i z a t i on  w i t h  a p e a k  
a t  a b o u t  20 r e s e t ;  p h a s e  3, h y p e r p o l a r i z a t i o n  p e a k i n g  a t  
a b o u t  40 msec  fol lowed b y  a g r a d u a l  r e t u r n  to  t h e  pre-  
s t imu lus  level  (Figure  IA).  These  m e m b r a n e  p o t e n t i a l  
changes  co r r e sponded  closely to t h e  changes  in size of t he  
masse te r i c  ref lex w h e n  t e s t e d  fol lowing a c o n d i t i o n i n g  
l ingua l  n e r v e  s t imu lus  (Figure  1B). T h e  ave rage  size of 
t he  h y p e r p o l a r i z a t i o n  in p h a s e  1 was 5 mV.  A n t i d r o m i c  
a n d  o r t h o d r o m i c  spikes  were  read i ly  b locked ,  a n d  t h e  
m e m b r a n e  c o n d u c t a n c e  was  o b s e r v e d  to  increase  d u r i n g  
t h i s  phase .  W h e n  r eco rded  w i t h  KC1 e lec t rodes  t h i s  h y p e r -  
po l a r i z a t i on  c h a n g e d  i n to  a depo la r i z ing  p o t e n t i a l  w i t h  a 
s imi la r  t i m e  course  to  t h e  or ig ina l  h y p e r p o l a r i z a t i o n .  The  
evidence ,  thus ,  i nd ica t e s  t h a t  t h e  h y p e r p o l a r i z a t i o n  in 
p h a s e  1 is a n  I P S P .  

The  degree  of t he  r e t u r n  t o w a r d s  t he  con t ro l  r e s t i ng  
p o t e n t i a l  d u r i n g  p h a s e  2 v a r i e d  f rom cell to  cell b u t  in  
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some cases t he  depola r iza t ion  was  suff ic ient  to  reach 
th resho ld  and  t r igger  a spike. I t  was observed  t h a t  con t ra -  
la tera l  l ingual  s t imula t ion  induced  s imilar  t r iphas ic  effects  
on  masse te r ic  m o t o n e u r o n e s  and  on  t h e  masse te r ic  reflex. 
A discre te  long i tud ina l  midt ine  sect ion a t  t he  level of t he  
m o t o r  nucleus abol ished phase  1 of con t ra l a t e ra l  s t imula-  
t ion.  This  resul ted  in a 4-5 msec decrease  in the  peak  
l a t ency  of phase  2 and  an increase in the  peak  size of the  
reflex to  130-140%. These  resul ts  lead us to  bel ieve t h a t  
phase  2 is due  to  an ac t ive  e x c i t a t o r y  process  and  is no t  
a pos t - inh ib i to ry  rebound.  

The amp l i t ude  of t he  hyperpo la r i za t ion  of t he  t h i rd  
phase  was usual ly  s l ight ly  less t h a n  t h a t  of the  first.  
Monosynap t i c  and  a n t i d r o m i c  spikes were also b locked 
in th is  phase  b u t  t he  hyperpo la r iz ing  po ten t i a l  did no t  
reverse  w i th  KC1 elec t rodes  as i t  did dur ing  the  f irs t  
phase.  At  a s t imula t ion  f requency  of 5/sec t he  hype r -  
po la r iza t ion  of phase  3 was comple te ly  abol ished wi th  
l i t t le  change  in t h a t  of phase  t,  and  t r ansec t ions  of t h e  
b ra in  s t em a b o u t  2 m m  caudal  to  t he  inferior  l imi t  of 
the  m o t o r  nucleus  comple te ly  abol ished phase  3 and  
showed only  a smal l  r educ t ion  in phase  1. The resul ts  
sugges t  t h a t  t he  inh ib i t ion  of phase  3 is m e d i a t e d  by  a 
p o l y s y n a p t i c  p a t h  w i t h  some cells of t he  chain  loca ted  
cauda l  to  t h e  m o t o r  nucleus of V. 

W h e n  recording  in the  supra t r igemina l  nuclear  region 
an ex t race l lu la r  field po ten t i a l  was  evoked  f rom l ingual  
ne rve  s t imu la t ion  (Figure 2A, D). The  m a x i m u m  po ten t i a l  
a m p l i t u d e  was  recorded  a t  a b o u t  500 /~ dorsal  to  t h e  
m o t o r  nucleus.  The  first  def lec t ion of the  l ingual ly in- 
duced  field po ten t i a l  was pos i t ive  w i th  a peak  a t  1.0 to  
1.3 msec following the  s t imulus.  This  po ten t i a l  was con- 
s idered  to  be  due  to the  conduc t ion  of impulses  in p r i m a r y  
a f fe ren t  f ibers;  i t  fol lowed f requencies  a t  least  up  to  
300/sec wi th  l i t t le  change  in t he  wave fo rm and  was s imilar  
to  t he  ' t r a c t  wave '  recorded  by  PORTER in the  spinal  
t r igemina l  nucleus  to  l ingual  nerve  s t imu la t ion  1°. In  the  
e x p e r i m e n t  shown  in F igure  2A, D the  peak  of t he  
pos i t ive  def lec t ion  occurred  1.3 msec a f t e r  t h e  s t imulus  
and  a b o u t  0.5 msec la ter  a large nega t ive  po ten t i a l  began  
to  develop.  In  every  case single uni ts  could be isolated 
f rom this  field poten t ia l .  In  a few ins tances  we recorded  
E P S P s  a n d  spikes  in t race l lu lar ly  in these  units .  The  
initial  spike in th is  e x p e r i m e n t  began  a t  a b o u t  1.7 msec 
la tency  (Figure 2B, E). Thresho ld  s t imula t ion  induced  
1 or 2 spikes b u t  t he  m a x i m u m  response  (usually 5-8 
spikes) could be reached  a t  1.5-2.0 t imes  threshold .  The  
f r equency  of t he  first  2 or 3 spikes  was some t imes  as h igh  
as 700 c/sec, w i th  t he  la ter  spikes  d i scharg ing  a t  lower  
f requencies  (usually 500 c/sec). The  incoming  a f fe ren t  
vol ley a r r ived  at  t he  sensory  nucleus  a t  1.3 msec and  the  
rise phase  of the  first  spike of the  in t e rneurone  began  a t  
1.7 msec.  These  la tencies  a l lowed t ime  (0.4/msec) for only  
one synapse  ind ica t ing  t h a t  t he  in t e rneurones  are  mono-  
synap t i ca l ly  ac t iva t ed  by  l ingual nerve  s t imula t ion .  

In t race l lu la r  recording f rom masse ter ic  mo toneu rones  
in t he  same an imal  showed t h a t  the  init ial  hyperpo la r iza -  
t ion induced  b y  l ingual  ne rve  s t imula t ion  had a l a t ency  
of a p p r o x i m a t e l y  2.5 msec (Figure 2C, F). The  rise phase  
of the  f i rs t  spike of the  i n t e rneu rone  in Figure  2 began  at  
1.7 msec and  the  I P S P  began  a t  a b o u t  2.5 msec.  This  
again  al lowed t ime  for only  one  synapse ,  cons ider ing  the  
t ime  for spike deve lopmen t ,  conduc t ion  to  t he  moto-  
neurone,  and  synap t i c  delay.  The  to ta l  t ime  be tween  the  
arr ival  of the  p r i m a r y  a f fe ren t  volley a t  the  sensory  
nucleus and  the  beginning  of the  I P S P  was 1.2 msec.  The 
divis ion of the  per iod in to  de lays  for one  synapse  be tween  
the  p r i m a r y  a f fe ren t  f iber  and  the  in te rneurone ,  and  one  
synapse  be tween  the  in t e rneu rone  and  motoneurone ,  plus 

conduc t ion  t ime  to  the  m o t o n e u r o n e  is cons i s t en t  w i th  
t he  observed  results .  The  l a t ency  re la t ionships  shown in 
F igure  2 b e t w een  the  field poten t ia l ,  in te rneurone ,  and  
I P S P  were  cons i s t en t  in 6 p repa ra t ions .  

The  ev idence  p re sen ted  here  leads to  t he  conclusion 
t h a t  s t imula t ion  of low th resho ld  l ingual  nerve  a f fe ren t  
f ibers had  the  following effects  on masse ter ic  moto-  
neurones :  (a) induced  sho r t  l a t ency  I P S P ' s  via  a di- 
synap t i c  pa th ,  t he  in te rnunc ia l  neurones  of which  are  
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Fig. 1. Effect of a single shock to the ipsilateral lingual nerve on the 
membrane potential of a masseteric motoneurone (A) and on the 
masseteric reflex (B). A and B were recorded in the same cat. 
(A) resting potential: --55 mV, positivity upward. (B) ordinate: 
reflex amplitude in % of control; abscissa: time interval between 
conditioning (lingual nerve) and test (mescencephalic nucleus of V) 
stimulation. Time scale for A and B is the same. Voltage calibration 
in A is 3 mV. 
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Fig. 2. Responses to single shocks delivered to the ipsitateraI lingual 
nerve. A and D: 10 superimposed records, at stimulus frequency of 
1/see, of a field potential recorded from the same point in the supra- 
trigeminal nuclear region. B and E : single extracellular records from 
a unit in the same region as A and D. C and F: intraeellular records 
from a masscteric motoneurone, resting potential: -- 65 mV (F is a 
photographic enlargement of C). The vertical bar for A and D 
represents 200/~V, for B and E 500/zV, for C 9 mV, and for F 5 mV. 
The time scale in C represents 2 msec and applies to A, B and C: that 
in F is 1 msec and applies to D, E and F. Positivity is upward in all 
records. All records are from the same preparation. 

~0 R. PORTER, J, Physiol. 190, 611 (1967). 
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loca ted  in the  s u p r a t r i g e m i n a l  nuc l ea r  region ; (b) i nduced  
a phase  of e x c i t a t i o n  t h a t  was  p a r t i a l l y  obscured  b y  t h e  
ear ly  i n h i b i t i o n ;  (c) i nduced  a long l a t ency  inh ib i t i on  v ia  
a p o l y s y n a p t i c  p a t h  wh ich  e x t e n d e d  cauda l  to  t he  m o t o r  
nuc leus  of V n.  

Zusammen/assung. Etek t r i s che  Re izung  a f fe ren te r  Fa-  
se rn  n iedr ige r  Reizschwel le  im N e r v u s  t ingual is  i nduz ie r t e  
in  den  m o t o r i s c h e n  N e u r o n e n  des  N e r v u s  masse t e r i cus :  
(1) I P S P s  yon  kurze r  L a t e n z  mi t t e l s  e iner  b i s y n a p t i s c h e n  
B a h n ,  de ren  Z w i s c h e n n e u r o n e  im Geb ie t  der  supra t r ige -  
m i n a l e n  Nucle i  l iegen;  (2) eine E r r egungsphase ,  die teil-  
weise v o n  e iner  fr i ih a u f t r e t e n d e n  H e m m u n g  v e r d e c k t  
is t ;  (3) e ine H e m m u n g  yon  langer  L a t e n z  mi t t e l s  e iner  

p o l y s y n a p t i s c h e n  Bahn ,  die sich kaudalw/*r ts  w u n  moto-  
r i schen  U r s p r u n g s k e r n  des Nervus  t r i g e m i n u s  e r s t reck t .  
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Propagation of Mouse Hepatitis Virus (MHV-3) 
Born Mice 

Mouse  h e p a t i t i s  v i rus  (MHV-3)  ha s  been  p r o p a g a t e d  in 
v i t r o  w i t h  d i f fe ren t  t e c h n i q u e s  b y  severa l  a u t h o r s  1-, and,  
pa r t i cu la r ly ,  in t h e  cells de r ived  f rom l iver  e x p l a n t s  of 
mice  fe tuses  a n d  c u l t i v a t e d  on  r e c o n s t i t u t e d  r a t - t a i l  
collagenS. W i t h  th i s  t e c h n i q u e  t he  v i rus  rep l ica t ion  was 
fol lowed b y  a n  e v i d e n t  c y t o p a t h i c  effect. 

Th i s  m e t h o d  is, never the less ,  v e r y  compl i ca t ed  a n d  the  
cell g r o w t h  is v e r y  slow. On t h e  o t h e r  h a n d ,  i t  is k n o w n  
t h a t  t he  l iver  cells o b t a i n e d  f rom fe tuses  or  f rom n e w - b o r n  
a n i m a l s  do  n o t  su rv ive  long  w h e n  c u l t i v a t e d  on  a p la in  
glass surface.  

I n  o rder  to  g a t h e r  f u r t h e r  i n f o r m a t i o n  on  M H V - 3  
rep l i ca t ion  in v i t ro ,  i t  seemed of i n t e r e s t  to  t e s t  t he  pos- 
s ib i l i ty  of r ep l i ca t ion  of th i s  v i rus  on  p r i m a r y  m o n o l a y e r  
l iver  cell cu l tu res  o b t a i n e d  f rom new-bo rn  mice w i t h  a 
s imple  t echn ique .  

Materials and methods. Cell c u l t u r e :  T h e  l ivers  of new- 
b o r n  mice  (Swiss s t ra in)  were  pooled,  f ine ly  m i n c e d  w i t h  
scissors, twice  w a s h e d  in cold H a n k s '  BSS,  p laced  in 
0 .25% t r y p s i n  (Difco) a n d  0 .20% methy lce l lu lose  
(Fischer)  in  ca lc ium-  and  magnes ium- f r ee  H a n k s '  BSS,  
a n d  a g i t a t e d  on  a m a g n e t i c  s t i r re r  for 20-30 ra in  a t  room 
t e m p e r a t u r e .  The  re su l t ing  suspens ion  was cen t r i fuged  
a t  300 g for 10 rain, decan ted ,  and  t he  s e d i m e n t  resus-  
p e n d e d  in t he  n u t r i e n t  m e d i u m .  The  n u t r i e n t  m e d i u m  
cons i s t ed  of 20% of f resh i n a c t i v a t e d  calf  se rum,  0 ,5% 
of ch ick  e m b r y o  e x t r a c t  and  0 .1% of yeas t  e x t r a c t  
(Difco) in  Eag le ' s  basa l  m e d i u m  (Difco). The  cells were 
coun ted ,  d i lu ted  in t he  n u t r i e n t  m e d i u m  to  a concen t r a -  
t ion  of 1 X 10n/ml, d i s t r i b u t e d  in 2 ml vo lumes  in s ta-  
t i o n a r y  t u b e s  or  in L e i g h t o n  tubes  c o n t a i n i n g  a eovers l ip  
for t h e  morpho log ica l  obse rva t ions ,  a n d  p laced  in a 37 °C 
i n c u b a t o r .  Af te r  7-10 days  a m o n o l a y e r  of po lygon-  
s h a p e d  cells was  formed.  S u b c u l t u r e s  were  pe r fo rmed  
a p p r o x i m a t e l y  e v e r y  10 days ,  us ing  t h e  s ame  m e t h o d  
desc r ibed  above .  

These  cells were passed  t h r o u g h  9 s u b c u l t u r e s ;  a f t e r  
t h i s  t i m e  d e g e n e r a t i o n  of t he  cu l tu res  occurred.  

Vi rus :  M H V - 3  was  suppl ied  b y  t he  A m e r i c a n  T y p e  
Cul tu re  Col lect ion a n d  m a i n t a i n e d  in our  l a b o r a t o r y  in 
r ecep t ive  a lb ino  mice. T h e  LDs0 was  d e t e r m i n e d  accord-  
ing to  REED a n d  MUENCH b y  us ing  3-week-old a lb ino  
mice  (Swiss s t ra in)  we igh ing  a b o u t  10 g. 

A 10 -3 d i lu t ion  of l iver  homogena . tes  f rom m o r i b u n d  
a n i m a l s  in  Eag le ' s  basa l  m e d i u m  was  m a d e  e x t e m p o r a -  
neous ly  a n d  cen t r i fuged  a t  3000 r p m  for 10 rain,  

in Monolayer Cell Cultures from Liver of New-  

F o r  cu l t u r e  infect ion,  t h e  n u t r i e n t  m e d i u m  was el imi-  
n a t e d  an d  2 ml  of fresh n u t r i e n t  m e d i u m  c o n t a i n i n g  0.1 ml  
of v i ra l  suspens ion  were p laced  in t h e  tubes .  T h e  cu l tu res  
were  m a i n t a i n e d  a t  room t e m p e r a t u r e  for 60 rain.  T h e  
v i rus  suspens ion  was t h e n  e l imina ted ,  the  cell cu l tu re s  
twice  washed  w i th  H a n k s '  B S S  a n d  i n c u b a t e d  a t  37 °C 
wi th  fresh g r o w t h  med i u m.  

Af te r  0, 12, 24, 36, 48 an d  72 h respect ive ly ,  t h e  cu l tu re  
m e d i u m  from 10 in fec ted  t ubes  was pooled a n d  10-fold 
d i lu ted  in s ter i le  b ro th .  

T h e  biological  v i rus  t i t r a t i o n  was ca r r ied  o u t  w i th  0.1 ml 
of each  d i lu t ion  inocu la t ed  i.p. i n to  10 a lb ino  mice. A t  
t h e  s ame  t ime,  t h e  covers l ips  were e x t r a c t e d  f rom t h e  

Fig. l, Epithelial cell culture from trypsinized liver of new-born mice 
(8 days after trypsinization). Hematoxylin-eosin. × 250. 
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