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Fig. 3. Sedimentogram of 3H-labelled RNA extracted from particles 
with the density of 1.16 g/ml produced by the culture of human 
embryo fibrobIasts. The position of the marker 50S p82 labelled 
Sendai virus RNA is shown by the arrow. 
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Fig. 4. Sedimentogram of 70S RNA labelled with small fragnlents of 
newly synthesized DNA from the culture of human embryo fibro- 
blasts inoculated with the virus from the leukocyte culture (A) and of 
RNA from the non-inoculated culture (B). 

reac t ion  reveals  h i g h m o l e c u l a r  weights  R N A  labeled 
wi th  small  f r agmen t s  of newly  syngthes ized  D N A  in the  
culture,  while such s t ruc tures  are absen t  in non- inocu la ted  
h u m a n  diploid cells (Figure 4). 

Our da t a  no t  only  conf i rm previous  obse rva t ions  on 
presence  of C-part icles in leukemic leukocyte  cultures,  b u t  
also show the  poss ib i l i ty  of t r a n s m i t t i n g  the  virus  to  
h u m a n  diploid cells. This  opens the  way  for a b roader  
s t u d y  of the  virus,  because  the  h u m a n  diploid  ceils pro-  
v ide  a large-scale p roduc t ion  of the  virus  necessary  for 
immunologica l  and molecular-biological  studies.  

13 The D.I. Ivanovsky Institute of Virology, Gamaleya Street 76, 
Noskwa (USSR). 
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Latenc ie s  in a T h e r m o s e n s i t i v e  P a t h w a y  

In  mammals ,  mos t  skin 'wa rm '  receptors  and  some 
skin 'cold '  receptors  are inne rva ted  per iphera l ly  by  
unmye l ina t ed  C fibres 1 b u t  it  is no t  known  w h a t  types  
of f ibre are involved in the  cent ra l  pro jec t ions  f rom these  
receptors .  Some m e a s u r e m e n t s  have  been made  in t he  
ca t  of conduc t ion  velocit ies in a p a t h w a y  leading to  
tha lamic  cells which respond  to skin hea t ing  ~. The 
response  was conduc ted  p r e d o m i n a n t l y  by  A d fibres bu t  
the  p a t h w a y  in ques t ion  was no t  specifically the rmosen-  
si t ive because the  t ha l amic  cells r e sponded  to  b o t h  
the rma l  and mechanica l  s t imula t ion  of t he  skin. 

We  have  now measured  latencies  a t  uni ts  in the  e n t r y  
zone of the  dorsal  horn  and  the  re lay nucleus in the  
ven t robasa l  t ha l amus  in a specif ical ly the rmosens i t ive  

p a t h w a y  pro jec t ing  f rom the  sc ro tum to the  somatosen-  
sory cor tex of the  rat.  We used a r e f inement  8 of the  
m e t h o d  suggested by  MARTIN and 1V[ANNING 4 in which  
the  t he rma l  receptors  are s t imula ted  by  the  hea t  of a 
pho tograph ic  flash. Ra t s  were anaes the t i zed  w i t h  
ure thane .  A r ing-shaped  xenon  discharge  tube,  r a t ed  a t  
1 k J, was m o u n t e d  100 m m  from the  shaved  scrotal  skin. 

1 H. HENSEL, Physiol. Rev. 53, 948 (1973). 
2 H. F. I~/~ARTIN and J. W. MANNING, Brain Res. 27, 377 (1971). 
a R. F. HELLON and D. MITCHELL, J. Physiol., Lond., 239, 66 (1974). 
r H. F. ~V~ARTIN and J. W. MA~I~O, Brain Res. 76, 524 (1969). 



] 160 Speeialia EXPERIENTIA 30/10 

3 

2 

o 
.~ 0 

I r I 1 

[ I I I 
1 I0 tO 2 i0 3 tO 4 

T i m e  a f t e r  d i s c h a r g e  ( m s � 9  

Fig. 1. Temperature rise indicated by a subdermal thermocouple 
following discharge of a photographic flash. 
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Figure  1 shows t he  response  of a f ine (0.15 m m  diam.)  
s u b d e r m a l  t he rmocoup l e  to  a single flash. The  response  
was due  to the  a b s o r p t i o n  of r a d i a t i o n  p e n e t r a t i n g  t h r o u g h  
t he  sk in  a n d  no t  due  to  c o n d u c t e d  hea t .  I f  p e n e t r a t i n g  
r a d i a t i o n  was e l imina t ed  b y  b l acken ing  t he  skin  surface, 
t he  p e a k  response  was a t t e n u a t e d  cons ide rab ly  a n d  
occur red  a t  leas t  1 see a f te r  t he  s t imulus .  Because  the  
t h e r m o c o n p l e  was pos i t ioned  be low the  skin, and  was no t  
w i t h o u t  t h e r m a l  ine r t i a  of i ts  own, the  r a d i a n t  h e a t  f rom 
the  f lash  m u s t  h a v e  p e n e t r a t e d  to the  level  of t he  recep- 
to rs  in  t he  skin  in less t h a n  6 msec. 

For  t he  latenc1? m e a s u r e m e n t s  t he  a c t i v i t y  of single 
un i t s  in  t he  t h a l a m u s  a n d  t he  dorsal  h o r n  was recorded  
us ing  t echn iques  p rev ious ly  describedS, 6. Only  un i t s  
r e spond ing  exclus ive ly  to scrota l  t e m p e r a t u r e  were used. 
Once a su i t ab le  u n i t  h a d  been  ident i f ied,  i t  was  s t i m u l a t e d  
b y  d ischarges  of the  f lash r epea t ed  eve ry  10 or 15 sec. The  
spike  t r a i n  fol lowing each  d i scharge  was fed i n to  a 
specia l -purpose  c o m p u t e r  7 w h i c h  gene ra t ed  a post -  
s t imulus  h i s togram.  As a con t ro l  procedure ,  t he  scrota l  
sk in  was cooled wi th  a c o n t i n u o u s  a i r  j e t  du r ing  t he  
sequence  of f lash discharges .  I n  every  case t h e  u n i t  
ceased to respond,  d e m o n s t r a t i n g  t h a t  i t  was sens i t ive  
on ly  to t he  t h e r m a l  effects of t he  flash. 

F igure  2(A) shows the  pos t - s t imu lus  h i s t o g r a m  gener-  
a ted  b y  supe r impos ing  t he  responses  of a u n i t  in  the  
dorsa l  ho rn  to 17 d ischarges  of t he  f lash.  The  un i t  
r e sponded  to  the  f lash b y  increas ing  i ts  f i r ing  ra t e  a f te r  a 
l a t e n t  pe r iod  of a b o u t  130 msec. F igure  2 also shows 
s imi la r  pos t - s t imu lus  h i s t o g r a m s  for one u n i t  in the  
t h a l a m u s  w h i c h  increased i ts  f i r ing  r a t e  in  response  to 
t he  f lash  and  a n o t h e r  wh ich  decreased  its f i r ing  ra te .  

H i s t o g r a m s  like those  in F igure  2 were o b t a i n e d  f rom 
10 un i t s  i n  t he  dorsal  h o r n  of 6 rats ,  a n d  19 un i t s  in  t he  
t h a l a m i  of a n o t h e r  6 rats .  I n  t he  dorsa l  h o r n  t he  m e a n  
response  l a t ency  was 220 msec (SE 25 msec, r ange  
110-340 msec). T h a t  in the  t h a l a m u s  was 500 msec 
(SE 25 msec, r ange  280-830 msec).  I n  b o t h  cord and  
t h a l a m u s  t he  m e a s u r e d  la tenc ies  fo rmed  a u n i m o d a l  
d i s t r ibu t ion ,  sugges t ing  t h a t  on ly  one t y p e  of f ibre was 
concerned  in t r a n s m i t t i n g  t he  response.  

Conduc t ion  veloci t ies  were e s t i m a t e d  b y  d iv id ing  t he  
l a t ency  m e a s u r e m e n t s  in to  t he  geomet r i ca l  p a t h  l eng th  
be tween  t he  s i tes  of s t i m u l a t i o n  and  recording.  The  
ca lcu la ted  c o n d u c t i o n  veloci t ies  to  the  cord were 0.43 
m/sec  (SE 0.05, r ange  0.25-0.73),  a n d  to  the  tha la .mus  
0.39 m/sec  (SE 0.02, r ange  0.23-0.70);  these  veloci t ies  
were no t  s ign i f i can t ly  different .  The  la tenc ies  m e a s u r e d  
a t  t he  cord un i t s  will be c o n t r i b u t e d  b y  delays  a t  t he  
receptors ,  c o n d u c t i o n  in f ibres  a n d  possible  synap t i c  
de lays ;  la tencies  a t  t he  t h a l a n m s  will inc lude  these  
fac tors  and  a d d i t i o n a l  synap t i c  delays.  Only  delays  due to  
c o n d u c t i o n  will  be  p r o p o r t i o n a l  to  p a t h  length .  The  
equa l i t y  of t he  c o n d u c t i o n  veloci t ies  over  t he  d i f fe ren t  
p a t h  l eng ths  to  cord and  t h a l a m u s  the re fo re  impl ies  t h a t  
the  recep tor  and  s y n a p t i c  delays  m u s t  be  negl igible  in 
th i s  s i tua t ion .  

R. F. HELLON and N. K. MISRA, J. Physiol., Lond. 232, 375 (1973). 
6 R. F. HELLO~ T and N. K. MISRA, J. Physiol., Lond. 232, 389 

(1973). 
J. LEwIN, J. Physiol., Lond., 239, 86 (1974). 

Fig. 2. Post-stimulus histograms generated from the spike trains 
following repeated discharges of the flash over the scrotal skin. 
Ordinate: Impulses per stimulus per time bin. Abscissa: Time after 
triggering of flash; A) Dorsal horn unit, excited, 17 flashes, 5 msec 
bins. B) Thalamic unit, excited, 26 flashes, 40 msec bins. C) Thalamic 
unit, suppressed, 10 flashes, 50 msec bins. 



15. 10. 1974 Specialia t 1 6 1  

The  c o n d u c t i o n  veloci t ies  m e a s u r e d  a long t he  geo- 
me t r i ca l  p a t h  are t yp i ca l  of smal l  u n m y e l i n a t e d  fibres. 
The  geomet r i ca l  l e n g t h  will  c e r t a in ly  be  a n  u n d e r e s t i m a t e  
of t he  a n a t o m i c a l  p a t h  length ,  b u t  even  if t he  a n a t o m i c a l  
p a t h  is twice  or 3 t imes  t h e  l e n g t h  of t h e  geomet r i c  pa th ,  
t he  c o n d u c t i o n  veloci t ies  are sti l l  well  w i t h i n  the  C-fibre 
range.  The  i n f o r m a t i o n  der ived  f rom receptors  r e spond ing  
to w a r m i n g  of t h e  r a t ' s  s c r o t u m  is the re fore  conduc t ed  to 
t he  t h a l a m u s  en t i r e ly  b y  a C-fibre p a t h w a y .  

The  fac t  t h a t  sk in  t i ssue  is t r a n s l u c e n t  a t  t he  vis ible  
and  shor t  I lR-wave- lengths  p roduced  b y  the  f lash s and  
t h a t  t he  recep tors  will  r e spond  to the  abso rbed  r a d i a t i o n  
ha s  two me thodo log i ca l  consequences .  F i rs t ,  e s t ima tes  
(such as t h a t  in F igure  1) of s u b c u t a n e o u s  t e m p e r a t u r e  
w i t h  opaque  sensors m u s t  resu l t  in  a n  o v e r e s t i m a t i o n  of 
the  t e m p e r a t u r e  rise fol lowing a f lash 9. Whi l e  a n y  
s u p r a t h r e s h o l d  change  in t e m p e r a t u r e  will  be  a d e q u a t e  
for the  l a t e n c y  d e t e r m i n a t i o n ,  if t he  f lash  m e t h o d  is 
used to assess t he  s ens i t i v i t y  of t h e r m o r e c e p t o r s  4 t h e n  
t he  s ens i t i v i t y  will  i n e v i t a b l y  be  u n d e r e s t i m a t e d .  Second, 
a l t h o u g h  the  'cold '  recep tors  are k n o w n  to be  more  
superf ic ia l  t h a n  t he  ' w a r m '  recep tors  in  sk in  t t h e  r a d i a t i o n  
will  p e n e t r a t e  r ap id l y  to b o t h  levels. I t  is the re fo re  no t  
possible  to  judge  w h e t h e r  t he  cen t r a l  u n i t s  in  t he  t he r -  
mosens i t i ve  p a t h  are r e s p o n d i n g  to  suppress ion  of 'cold '  
r ecep to r  a c t i v i t y  or e n h a n c e m e n t  of ' w a r m '  recep tor  

ac t iv i ty .  In  the  p a r t i c u l a r  case of t he  p a t h w a y  o r ig ina t ing  
in the  r a t  sc ro tum,  t he  u n i m o d a l  d i s t r i b u t i o n  of la tencies  
impl ies  t h a t  if b o t h  'cold '  and  ' w a r m '  recep tor  a c t i v i t y  
is involved ,  b o t h  t y p e s  of r ecep to r  p ro j ec t  c en t r a l l y  
t h r o u g h  u n m y e l i n a t e d  C-fibres. 

Zusammen/assung.  Mit te l s  p h o t o g r a p h i s c h e m  Bl i tz-  
l i ch t  wurden die W'~trmerezeptoren des 1Rat ten-Hoden-  
sacks e rw/ i rmt  und  die Ne rven le i t ge schwind igke i t  in der  
a f f e ren ten  B a h n  his  zum dorsa len  H o r n  und  d e m  ven t ro -  
basa l en  T h a l a m u s  gemessen.  Bet  e iner  Nervenle i tge-  
s chwind igke i t  v o n  0.4 m/sec  erwies s ich der  ganze  nerv6se  
W e g  als aus  m a r k l o s e n  C-Fase rn  bes t ehend .  

D. MITCHELL and R. F. I-IELLON 

National Ins t i tu te /or  Medical Research, Mi l l  Hill,  
London N W 7  7AA (England), 74 M a y  7974. 

s j .  L. ~'V[ONTEITH, Principles o] Environmental Physics (Edward 
Arnold, London 1972), ehapt. 5. 

9 W. B. NOWAK, S. FINE, E. KLEIN, K. HERGENEOTHER and W. P. 
HANSEN, Life Set. 4, 1475 (1964). 

Glycine, Strychnine and Retinal Inhibition 

The  ev idence  t h a t  glycine can  ac t  as a n  i n h i b i t o r y  
n e u r o - t r a n s m i t t e r  was  or ig ina l ly  p r e sen t ed  b y  APRISON 
a n d  WERMAN t in  1965. Glyc ine  has  been  found  to  h a v e  
i n h i b i t o r y  ac t ions  in  t he  r e t i n a  in v i t ro  b y  AMES 2 and  in 
v ivo  b y  KOROL 3. There  h a v e  been  no h is to logica l  or 
e lec t rophys io logica l  s tud ies  of t h e  r e t i n a  in vivo,  wh ich  
f i rmly  sa t i s fy  genera l  c r i te r ia  for glycine as a synap t i c  
t r a n s m i t t e r  in  t h e  re t ina .  T he  c r i te r ia  for  e v a l u a t i o n  of a 
s u b s t a n c e  as a s y n a p t i c  t r a n s m i t t e r i s  based  on i ts  presence,  
s torage,  release,  p o s t s y n a p t i c  ac t ion  and  inac t iva t ion .  

COHEN 4 showed in mice  a large c o n c e n t r a t i o n  of glycine 
in t he  inne r  re t ina .  T he  r e t i n a  u p t a k e  of glycine,  s torage  
a n d  r e t e n t i o n  m e c h a n i s m s  were d e m o n s t r a t e d  b y  BmJuN 
and  EHINGER 5, EHINGER and  FALCK 6 a n d  EHINGER 7. 
The  i n h i b i t o r y  ac t ion  of glycine is an t agon i zed  b y  s t rych-  
n ine  s-*e in o the r  regions of t he  CNS. VOLKER 13 showed 
t h a t  s t r y c h n i n e  increases  t he  b wave  of t he  r a b b i t  r e t i n a  
in  v i t ro .  The  p rev ious  p a p e r  3 shows the  ac t ion  of glycine 
on  r a b b i t  r e t i n a  in v ivo  a f t e r  i n f r a v i t r e a l  in jec t ion .  This  
was  cha rac t e r i zed  b y  a revers ib le  loss of t he  osc i l la tory  
p o t e n t i a l s  of t he  E R G .  

Material and methods. Averaged  E R G  were r ecorded  on  
24 r a b b i t ' s  eyes (unanes the t i sed) .  Group  I :  18 r a b b i t  eyes 
were in jec ted  w i t h  3 m g  of glycine in t he  v i t r eous  b o d y  to 
d e t e r m i n e  t i m e  of onset ,  of m a x i m a l  effect  and  of t o t a l  
recovery .  G r o u p  I I :  6 r a b b i t  eyes were in jec ted  2 h a f t e r  
glycine i n j ec t i on  w i t h  s t r y c h n i n e  (2 eyes:  1 rag;  2 eyes 
0.25 mg  a n d  2 eyes:  0.12 mg). 

Results. Group  I : Loss of osc i l la tory  po t en t i a l s  a f te r  1 h 
of glycine in jec t ion .  M a x i m a l  i n h i b i t i o n  be t w een  3 a n d  
10 h w i t h  full  r ecovery  b y  20-24 h. Group  I I  : a) Abo l i t ion  
of b wave  of g lycine  E R G  w i t h  s t r y c h n i n e  1 mg;  b) no  
effect  on b wave  of glycine E R G  w i t h  s t r y c h n i n e  0.25 rag;  
c) r ecovery  of osc i l la tory  p o t e n t i a l s  w i t h  s t r y c h n i n e  0.12 
mg. There  was an  increase  of b wave  a m p l i t u d e  6 m i n  
a f te r  s t r y c h n i n e  a n d  in i t ia l  r ecovery  of osc i l la tory  po ten-  
t ia ls  1, 2 and  3, 12 rnin a f te r  s t r y c h n i n e  w i t h  m ax ima]  

effect  b y  45 m i n  (Figure).  There  was r ecove ry  of 3rd O P  
to n o r m a l  vo l tage  level and  recovery  of 1st a n d  2nd OPs '  
to  a n  increased vo l t age  level. The  effect  of s t r y c h n i n e  is 
revers ib le  w i t h  r ecovery  of g lycine  effect  b y  2 h~4,15. 

Conclusion. Glycine has  a n  i n h i b i t o r y  effect  on r a b b i t  
r e t i n a  in v ivo  (group I), ev idenced  b y  loss of osci l la tory  
p o t e n t i a l s  and  r educ t i on  of ampl i t ude .  Th i s  effect  is 
revers ib le  a n d  can  be  an t agon i zed  b y  a p p r o p r i a t e  con- 
c e n t r a t i o n  of s t r y c h n i n e  (group II) .  

Discussion. Glycine  is r ega rded  as p u t a t i v e  i n h i b i t o r y  
n e u r o t r a n s m i t t e r .  The  pape r s  of BRauN and  EHIN~ER 5, 
EmNGER and  FALCK 6 and  EHINGER 7 sugges t  t h a t  g lycine  
m a y  be  a n  i n h i b i t o r y  n e u r o - t r a n s m i t t e r  in  ce r t a in  n e r v e  
cells of the  inne r  p lex i fo rme  layer,  m a i n l y  the  a m a c r i n e  
cells. The  p r e sen t  p a p e r  shows the  i n h i b i t o r y  revers ib le  
ac t ion  of glycine on  t he  r a b b i t  r e t i n a  obse rved  b y  E R G ' s  
changes .  The  effect  of g lycine  is a n t a g o n i z e d  b y  s t r y c h n i n e  
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