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three  t imes  a t  3-day intervals ,  and an t ibody  t i t ra t ions  in 
the  subjects '  se rum were de termined  2 days af ter  the  last 
R N A  inject ion.  

Controls. In  order  to de tec t  the  possible presence of 
ant igen or of ant ibodies  in preparat ions,  the  R N A  was 
separated f rom admixtures .  Fo r  this purpose the  R N A  
was t rea ted  wi th  warmed  ribonuclease (10/~g/100/~g 
RNA)  and then  dialysed against  a 0 .15M solut ion of 
NaC1 for 5-6 h at  37~ and then  for 10-12 h a t  4~ for 
the  complete  remova l  of the  degraded RNA.  The residue 
remaining af ter  dialysis was in jec ted  in t ravenous ly  
(dosage: 2 mg/kg  body  weight) into 5 new-born rabbits .  
The inject ions were repeated  3 t imes  a t  3-day intervals .  
An t ibody  t i t ra t ions  were de te rmined  2 days af ter  the  last  
injection.  Final ly ,  an t ibody  t i t ra t ions  were de termined  
on the  serum of 20 new-born  rabbi ts  t h a t  had  received no 
R N A  t rea tment .  

Results. After  inject ions of R N A  obta ined f rom the  
spleens of animals  t h a t  had  been immunized  wi th  S. typhi 
' H '  antigen, an t ibody  t i t ra t ions  in the  serum of new-born 
recipient  subjects  were found to be 1/30,000, 1/35,000, 
1/25,000, 1/30,000 and 1/40,000. No ant ibodies  were 
found, however ,  in the  serum of the  new-born control  
subjects  or of the  new-born  animals  in jec ted  wi th  the  
residue obta ined af ter  dest ruct ion and remova l  of RNA.  
Therefore  only the  R N A  molecule in its na t ive  s ta te  is 
the  agent  of the  immuniza t ion  transfer,  while the  small  
percentages of proteins,  polysaccharides and D N A  in- 

jected toge ther  wi th  R N A  had no influence. The last 
result  is in accordance wi th  the  da ta  obta ined by FUKS 
et  al. 1~ 

For  the  t ime being, the  diff icul ty of obtaining an ade- 
qua te  supply  of R N A  from the  spleens of immunized  
animals does not  allow an al l-round picture to be obta ined 
of how the  phenomenon  occurs - when an t ibody  produc-  
t ion begins, how long it  lasts, which  are the  m i n i m u m  
act ive  dosages, etc. E v e n  though  the  exper iment  has so 
far  been per formed wi th  inadequa te  supplies of experi-  
men ta l  mate r ia l  the  results  never theless  seem clearly to 
suggest t h a t  the  possibi l i ty does exist  of obta ining an 
an t ibody  synthesis  in v ivo  by means  of RNA.  

Riassunto. L'iniezione ad animal i  normal i  di A R N  
es t ra t to  dal la  mi lza  di animal i  immunizza t i  con ant igene 
' H '  di S. typhi, provoca  la comparsa,  nel  siero degli 
animal i  r iceventi ,  di ant icorpi  diret t i  contro tale  antigene. 
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The Tonically Acting Pulmonary Receptors In- 
nervated by C Fibres 

The inves t iga t ion  of the  ac t iv i ty  of single afferent  vaga l  
fibres has revealed pu lmona ry  s t re tch receptors (ADRIAN i) 
which are innerva ted  by  A fibres. However ,  the  ma jo r i ty  
of vagal  afferent  fibres, abou t  80%, including afferent  
fibres f rom the  lungs, belong to  C fibres (AGosToNI et  al. ~). 
The  funct ion of these fibres up to now remained obscure. 

In  1955 and 1957 PAINTAL 3"4 established the  existence 
of vagal  pu lmona ry  afferent  fibres exci ted by  def la t ion of 
the  lung and supposed t h a t  these fibres innerva ted  pul- 
mona ry  def la t ion receptors.  By  thei r  conduct ion ve loc i ty  
these fibres belonged to B fibres. B u t  in 1964 the  au thor  
repor ted  t h a t  most  of t h e m  belonged to C fibres. 

I n  1965 COLERIDGE et  al. 5 dist inguished vagal  pul- 
mona ry  afferent  fibres which also belonged to C fibres. I t  
is v e r y  impor t an t  to emphasize tha t  according to the  
authors '  f indings these fibres show spontaneous ac t i v i t y  
which is not  synchronized with  the  cycles of breathing.  
COLERIDGE et  al. 5, con t ra ry  to the  da t a  obta ined  by  
PAINTAL a,4, found t h a t  the  def la t ion of the  lungs did no t  
exci te  these fibres bu t  t h a t  t hey  were exci ted by  hyper-  
inflation. 

The  observat ions  of the  influence exer ted  by  some 
drugs evoking respi ra tory  chemoreflexes on these fibres 
are also contradic tory .  According to PAINTAL 6, phenyl  
diguanide exci ted these fibres while vera t r ine  did not.  
Quite  the  con t ra ry  is observed by  COLERIDGE et  al. 5. I n  
thei r  exper iments  vera t r ine  exci ted C fibres while phenyl  
diguanide did not.  

The prepara t ion  of single C nerve  fibres is ve ry  diff icul t  
because t h e y  are v e r y  th in  and are often injured.  There-  

fore we used the  method  of coll iding impulses (DOUGLAS 
and :RITCHIE 7). This me thod  has also another  advan tage :  
i t  permi ts  us to  establ ish the  funct ion  of the  greates t  
par t  of fibres of a defini te  group. 

Method. The exper iments  were made  on 25 cats weigh- 
ing 2.0-4.0 kg anaesthet ized wi th  ure thane  and chloralose. 
The  chest  was widely  opened and art if icial  respirat ion 
was carried out. The  r ight  cervical  vagus was cut  jus t  
below the  nodose ganglion. A pair  of s t imula t ing  p la t inum 
electrodes was placed close to the  peripheral  cut  end of 
t he  nerve, and another  pair  of recording electrodes was 
placed about  50-90 m m  lower. Fo r  s t imulat ion of the  
nerve  rec tangular  pulses of current  of 0.1-0.5 msec dura-  
t ion were used, the  s t imuli  used being supramaximal  for 
A or C components .  The vagus  was s t imula ted  during the  
inspira t ion or  expirat ion.  To exclude the  impulses f rom 
o ther  organs, the  left  and r ight  vagi  were cut  over  the  
d iaphragm and the  ma jo r i t y  of cardiac branches of the  
r ight  vagus  were cut  too. Thus only  the  exci ta t ion of 
pu lmona ry  receptors m a y  act  on the  compound act ion 
potent ia l  of vagus.  
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Results. As seen f rom the  p ic ture  (Figure 1, top  record),  
dur ing  the  inspi ra t ion  the  wave  A of the  c o m p o u n d  ac t ion  
po ten t i a l  decreases.  I t  means  t h a t  impulses  evoked b y  
exc i ta t ion  of the  s t r e t ch  receptors  dur ing  each inspi ra t ion  
and  spreading  o r thodromica l ly  along the  A fibres collide 
wi th  impulses evoked by  the  art if icial  electrical  s t imula-  
t ion  of the  vagus  and  spread an t id romica l ly  along the  
same A fibres. On the  cont rary ,  the  size of the  wave  C 
remains  the  same dur ing  inf la t ion and def la t ion  (Figure 2, 
t op  record).  The wave  C does no t  depend  on the  change  of 
the  vo lume of the  lungs. I t  means  t h a t  mos t  of the  spon-  
t aneous  ac t iv i ty  of C f ibres indeed  has  no t  any  connec t ion  
wi th  the  cycles of respi ra t ion  and  acts  tonical ly.  This  fact  
is of great  in te res t  in view of the  following findings.  

I t  is well known t h a t  cu t t ing  of the  vagi  leads to  rare 
and  deep brea th ing .  HERING s and  BREUER 9, near ly  100 
years  ago, shouted t h a t  cu t t ing  of the  vagi  led to such an 
effect  no t  only  dur ing  na tu ra l  b rea th ing  b u t  also when  
the  m o v e m e n t s  of the  lung were art if icial ly excluded.  
This  observa t ion  was f i rmly forgot ten .  Meanwhile,  on the  
basis of this  observat ion,  HERING s and  ]~REUER 9 made  a 
ve ry  s ignif icant  conclusion;  namely ,  t h a t  besides pul-  
m o n a r y  nerve endings  which were exci ted  dur ing inspira-  
t ion  there  m u s t  be nerve  endings  cons t an t l y  exci t ing the  
resp i ra to ry  centre.  As es tab l i shed  later,  the  former  - 
s t r e t ch  receptors  - are i nne rva t ed  by  A af ferent  vagal  
fibres. Our expe r imen t s  pe rmi t  us to assume t h a t  the  
la t t e r  - receptors  exer t ing  a tonic inf luence on the  
resp i ra to ry  cent re  - are i nne rva t ed  by  C fibres. 

Fur the r ,  our expe r imen t s  showed t h a t  the  receptors  
i nne rva t ed  by  C fibres were exci ted b o t h  by  vera t r ine  
and pheny l  diguanide.  As shown in Figure  1 (middle 

record),  in jec t ion  in to  the  r igh t  a t r ium of 1 ml  saline 
conta in ing  25-150/~g of ve ra t r ine  decreases the  ampl i tude  
of A wave.  This  means  t h a t  according to  t he  general ly  
ad o p t ed  view ve ra t r ine  exci tes  t he  p u l m o n a r y  s t r e t ch  
receptors .  S imul taneous ly  the  ampl i tude  of C wave  de- 
creases too (Figure 2, middle  record). I t  means  t h a t  
ve ra t r ine  exci tes  no t  only  the  p u l m o n a r y  s t r e t ch  recep- 
tors  b u t  also the  p u l m o n a r y  receptors  i nne rva t ed  by  C 
fibres. 

In jec t ion  of 1 ml  saline conta in ing  100-450/xg pheny l  
d iguanide  into the  r igh t  a t r i um also decreases the  wave  C. 

The increase of ac t iv i ty  of receptors  ac t ing  tonica l ly  on 
the  r e sp i r a to ry  cent re  can obviously  increase the  ex- 
c i tab i l i ty  of t he  l a t t e r  and thus  facil i tate t he  react ions  of 
the  r e sp i r a to ry  cent re  to o the r  stimuli.  These da t a  are 
ve ry  i m p o r t a n t  for the  analysis  of the  m e c h a n i s m  of 
chemoref lexes  evoked by  these  drugs which  was no t  
qui te  clear up to now. 

As shown in our  previous article (SERGEEVA and  
FRANKSTEIN 10) the  ref lec tory  change  of resp i ra t ion  dur ing  
local p n e u m o n i a  and lung oedema  p robab ly  also depends  
on the  increase of ac t iv i ty  of receptors  i nne rva t ed  by  C 
fibres.  

Fig. 1. Records of the A elevation of the action potential in a cat's 
chest vagus. Top records: before injection of veratrine the amplitude 
of A elevation during inflation (left) is smaller than that of A eleva- 
tion during deflation (right). Middle records: after injection of 50/~g 
(15 ?zg/kg) veratrine into the right atrium the amplitude of A eleva- 
tion decreases during inflation (left) and deflation (right). Bottom 
records: 2 min after injection the amplitude of A elevation is nor- 
realized. The distance between the stimulating and recording elec- 
trodes was 82 ram. Each record was made by superposing 5 sweeps. 

Fig. 2. Records of the C elevation of the action potential in a cat's 
chest vagus. Top records : before injection of veratrine the amplitude 
of C elevation during inflation (left) is equal to that of C elevation 
during deflation (right). Middle records: after injection of 50 /zg 
(15/2g/kg) veratrine into the right atrium the amplitude of C eleva- 
tion decreases during inflation (left) and deflation (right). Bottom 
records: 2 min after injection the amplitude of C elevation is nor- 
realized. The distance between the stimulating and recording elec- 
trodes was 70 ram. Each record was made by superposing 3 sweeps. 
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Bbm0~IbI. 1-[OMHM0 ~er0qHBIX pelleIiTOpOB pacTfl~<eHHS, 
HmtepBHpyeMbiX BOJIOKHaMH rpynnbi A, CylIIeCTBylOT Jleroq- 
HNe pelleI1TOpbI, HHHepBHpyeMble B02IOKHaMH rpynnb~ C, 
OKa3MBaIOIILHe II0CTOFIHH0e TOHHqeCK0e B2IHFIHHe Ha ~IblxaTeJIb- 
Hbl~ UeHTp. HeKoT0pble xH.~HqeeKHe BelIIeCTBa (BepaTpHH, 
qbellHJIAI4ryaHH/l ) yBeJlllqHBalOT aKTIIgH0CTb OTVlX peIlerlTopoB. 
TaKoe ;a<e ~e~CTBHe Ha HHX 0Ka3BIBalOT Bocua~leHHe H OTeK 

~erKHX. ~T0 csIe;lyeT yqeCTb B aHa,lHae )II,IXaTe~bHblX XeM0- 
H IIaT0~0FHqeCKHX pe~bneucoi~. 
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E f f e c t  o f  L i g h t  a n d  D a r k  P u l s e s  o n  t h e  E m e r g e n c e  
R h y t h m  o f  Drosophila pseudoobscura 

On the  basis of s tudies  on the  pe ta l  m o v e m e n t  of 
Kalanchoe flowers ~, i t  was suggested t h a t  l ight  per iods 
induce an op t ima l  r h y t h m  if the  ' o f f - r h y t h m '  ( r h y t h m  
which  is in i t ia ted  by  the  t rans i t ion  f rom l ight  to darkness)  
falls t oge the r  wi th  the  ' o n - r h y t h m '  ( r hy thm which  is 
in i t ia ted  by  the  t r ans i t ion  f rom darkness  to light) in such 
a way  t h a t  an o f f -max imum occurs a t  t he  same t ime  as 
an on -max imum.  This is schemat ica l ly  d i ag rammed  in 
Figure  1. The superposi t ion  of an on- and o f f - r h y t h m  
would explain  the  fact  t h a t  a t  ce r ta in  day- l eng ths  and /o r  
n igh t - l eng ths  the  pe ta l  m o v e m e n t  reaches  high ampli-  
tudes .  I t  could fu r ther  be a basis  of t ime  m e a s u r e m e n t  in 
pho toper iod i sm.  

We tes ted  th is  hypo thes i s  in the  case of the  emergence  
r h y t h m  of Drosophila pseudoobscura. D. pseudoobscura has  
the  a d v a n t a g e  of being well  s tud ied  in regard  to i ts  emer-  
gence r h y t h m  2, and in con t ras t  to  Kalanchoe can be kep t  
unde r  cont inuous  darkness  (DD) dur ing  the  whole  de- 
ve lopment .  A t  t h e  t ime  of emergence  the  cul tures  are ex- 
tx)sed to single s teps  (LL-DI) ,  DD-LL) ,  which a l ready  
resul ts  in a r h y t h m i c  p a t t e r n  of emergence,  or to  single 
pulses  (light per iod pulse  LP,  da rk  per iod pulse 1)I7). 

Since a pulse conta ins  b o t h  a l ight -on as well as a l ight-off  
signal, the  ques t ion  arises w h e t h e r  the  observed results  
of pulse expe r imen t s  are expla inable  in t e rms  of the  re- 
sults of single s t ep  exper iments .  

A s tock of D. pseudoobscura was k indly  suppl ied by  
C. S. PITTENDRIGH and reared in the  usual way. At  20 ~ 
under  I .L or DD condi t ions  the  flies s t a r t  to emerge af ter  
abou t  3 weeks and cont inue  to  emerge in a r a n d o m  
fashion. If, however ,  the  DD-cul tures  are t ransfer red  to 
LL  (300 lux f luorescence tube  light),  a periodic emergence  
is induced and  peaks  occur a t  1, 20, 50, 75, and 100 h af ter  
t r ans fe r  unt i l  the  r h y t h m  fades away  and again emergence  
becomes  r a n d o m  (Figure 2}. A periodic emergence  is also 
achieved if LL-cul tures  are t rans fe r red  to DD. In  th is  
case peaks occur  12, 39, 64, 89, and  111 h af ter  t ransfer .  
Synchron iza t ion  is sha rpe r  and  longer ma in t a ined  (Fi- 
gure 2 below). 

If  bo th  s teps  are combined  in a single DP-  or LP-pulse ,  
the  emergence  d is t r ibu t ion  depends  on the  length  of the  
pulse and the  kind of pulse.  E x a m p l e s  are given for 12 
and 18 h ] ) P  and  L P  (Figure 3). F u r t h e r  results  are 
shown in Figure  4, in which  the  D P  was var ied f rom 1 h 
up to 33 h and  the  L P  f rom 3 h up to 39 h. Only the  
emergence  d i s t r ibu t ion  be tween  50 and  75 h af ter  the  
s t a r t  of the  D P  and be tween  40 and 65 h af ter  the  s t a r t  
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Fig. 1. Superposition of an on- and off-rhythm in the petal movement 
of Kalanchoe blossfeldiana. (a) Initiation of an on-rhythm by a single 
dark-light step ; (b) initiation of an off-rhythm by a single light-dark 
step; (c) superposition of an on- and off-rhythm by a dark-light step 
followed by a light-dark step 9 h later. In this case the first maximum 
of the off-rhythm falls together with the second maximum of the 

on-rhythm (27.5-18.2-~_ 9 h). 

20 

10- 

0 

ZO- 

10- 

0 20 40 00 80 100 120 

Fig. 2. ts rhythm in Drosophila pseudoobscura after transfer 
from continuous darkness to continuous light (above) and after 
transfer from continuous light to continuous darkness (below). 
Transfer at zero h. Abscissa : h after transfer. Ordinate : % of emerged 

flies (100% ~ sum of all flies between 2 nfinima). 
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