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be obtained if the fibre stimulated belonged to the static 
type (Figure 1 D). Simultaneous activation of 2 static 
fusimotor fibres or of 1 dynamic and 1 static fibre con- 
verging onto the same spindle ending, gave similar results. 
On the other hand, at the rates of change of muscle length 
and fusimotor stimulation frequency used, stimulation of 
a single dynamic fusimotor fibre, or of 2 converging fibres 
for that  matter,  could never increase or even maintain 
the impulse frequency during muscle shortening (Figure 
2 D). 

The findings thus suggest that  the increase in impulse 
frequency of the primary ending seen during contraction 
in natural  movements  requires static fusimotor activa- 
tion 1 z 

ZusammenJassung. Statische oder dynamische ~,-Fasern 
prim~rer Muskelspindelendigungen in den Fussextensoren 
der Katze wurden mit  sieh i~ndernden Frequenzen 

gereizt: Nur Stimulation statischer ~,-Fasern mit stei- 
gender Frequenz bei gleichzeitiger MuskelverkiJrzung 
erhSht die Entladungsgeschwindigkeit prim~irer Endi- 
gungen, wie sic in physiologisch induzierten Bewegungen 
gesehen wird. 

G. LENNERSTRAND and U. THODEN 

Nobel Institute/or Neurophysiology, Karolinska 
Institutet, Stockholm 60 (Sweden), 27th December 1966. 
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Primary Afferent Depolarization of Trigeminal  
Fibres Induced by St imulat ion of Brain Stem 

and Peripheral Nerves 

]t  has recently been shown tha t  in chronic cats the 
excitability of trigeminal afferent fibres increases syn- 
chronously with the rapid eye movements (REM) of de- 
synchronized sleep and at the moment of arousal 1. Since 
synchronous potentials have been recorded during REM 
from brain stem regions ~, the hypothesis might  be ad- 
vanced tha t  the latter structures are act ively responsible 
for other phenomena temporally related to REM, as, for 
example, for primary afferent depolarization (PAD) of 
trigeminal afferents. Evidence for PAD of trigeminM 
fibres have already been reported in acute experiments 
following stimulation of other trigeminal afferents a and 
cortical areas 4. 

The aim of this investigation has been to test the ex- 
citability of trigeminal afferents when conditioned by 
electrical stimulation of brain stem structures at  bulbar, 
pontine and mesencephalic levels. In addition the condi- 
tioning effect of peripheral nerve stimulation was tested. 

Method. The experiments were carried out in curarized 
acute cats under nembutal  anaesthesia (25-30 mg/kg). 
The excitability of central terminals of trigeminM fibres 
was tested using the WALL technique 5 with the aid of a 
stainless steel microelectrode (about 100,000 D) stereo- 
taxically introduced into the nucleus trigemini sensibilis 
principalis (NV snpr)6 at 6-8 mm rostrally to the obex. 
The antidromic test  response evoked by monopolar 
microelectrode stimulation was monophasically recorded 
from the killed end of the ipsilateral supraorbital nerve 
after the eye was enucleated (Figure A). Mineral oil was 
used to cover the nerve into the orbital cavity.  Condi- 
tioning stimuli were applied, through stainless steel 
microelectrodes (about 100,000 O) stereotaxicalty intro- 
duced into the brain stem at various planes (from A6 to 
P11 and from midline to lateral 6, contralaterally to the 
trigeminal electrode) after the tentorium was removed. 
Bipolar silver electrodes were used for peripheral nerve - 
infraorbital (IO), superficial radial (SR), dorsal interos- 
seous (DI), superficial peroneal (SP), deep peroneal (DP) - 
stimulation. The position of both test and conditioning 

microelectrodes in the brain stem was carefully con- 
trolled at  the end of each experiment with Nissl stain 
technique and the map constructed on this histological 
evidence. 

Results. (A) Single shock stimulation (i/sec, 0.01-0.5 
msec, 30-40 V) of the main sensory trigeminal nucleus 
evoked in the ipsilateral supraorbital nerve an antidromic 
response with 0.6-0.8 msec latency (Figure A test), Condi- 
tioning electrical stimuli (4 impulses at 300/see, 50-100 
/,see, 3-12 V) applied to the controlateral half of the 
brain stem (medulla, Irons and mesencephalon) increased 
the ampli tude of the antidromic test  response recorded 
from the supraorbital nerve (Figure A conditioning). Fig- 
ure B shows the time course of the curve obtained by con- 
ditioning stimulation of pontine reticular formation (n. 
reticularis pontis caudalis) as compared with st imulation 
of the infraorbital nerve. I t  can be seen tha t  PAD evoked 
by pontine stimulation starts with a longer latency and 
reaches a maximum (at 50 msec interval) later than tha t  
induced by ipsilateral infraorbital nerve stimulation. 
Figure C shows the conditioning effect induced by stimu- 
lation at 3 intensities (12, 6 and 3 V) of a pontine region 
(P4) at  various depths and at  different medio-laterM 
levels. I t  can be seen tha t  a PAD was present when both 
medial and lateral regions were stimulated. However, a 
higher effect was obtained by stimulation of the contra- 
lateral trigeminal t ract  (as shown in c, c l ,  d, dl)  as com- 
pared with stimulation of more medially situated regions. 
Usually 1-2 impulses were enough to give maximal PAD 
from the trigeminal tract,  while at least 4 impulses were 
required to induce maximal  reticular conditioning. A 
PAD was always present when the central core of the 
brain stem reticular system was stimulated, a maximal  

1 F. BALDI$SERA, G, BROGGI and M. MANCIA, Experientia 22, 754 
(1966). 
D, C. BROOKS and E. BIZZI, Archs ital, Biol. I01, 648 (1963). 

s I. DARIAN-SMITH, J. Neurophysiol. 28, 695 (1965). 
4 I. DARIAN-SMITII and T. YOKOTA, J. Neurophysiol, 29, 185 (1966). 
G p. D. WALL, J. Physiol., Lond. 742, I (1958). 
6 j. ]~ISENMANN, S. LANDGREN and D. NOVIN, Acta physiol, stand. 

59, suppl. 214 (1963). 
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(A} Experimental scheme of microeleetrode stimulation of trigeminal afferent fibres into the main trigcminal sensory nucleus, and recording 
from ipsilateraI supraorbital nerve. Test: antidromic response of supraorbital nerve to single shock stimulation of its presynaptic terminals. 
Conditioning: same response preceded at 50 ~asec by 4 stimuli at 300/see, 50psec to medial pontine reticular formation at 3 different inten- 
sities (12, 6 and 3 V). (B) Time course of excitability changes of supraorbital presynaptic terminals produced by 4 impulses at 300/see 
delivered to medial pontine reticular formation (filled circles) and by 1 impulse to ipsilateral infraorbital nerve (open circles). In ordinates 
the % increase of antidromic test response amplitude. (C) On the left: map indicating the 10ci in pontine regions (P4) whose stimulation (4 
impulses, 300/see, 6 V) induced PAD of trigeminal fibres. The diameter of stippled circles is proportional to the % increase of test response 
amplitude. The curves a, b, c and d in the remaining part of the Figure show the % increase of test response (abscissa) obtained by condi- 
tioning stimulation of brain stem points at different depths in mm below zero of Horsley-elark coordinates (ordinata) along the tracks of 

the map (al, bl,  el and dl) at 3 stimulus intensities (12 V = filled circles, 6 V = open circles, 3 V = filled squares). 

effect  being observed  f rom n. ret icular is  magnocel lular is ,  
n. re t icular is  pon t i s  caudal is  and  pon t i s  oralis. A P A D  was 
also induced  when  the  condi t ion ing  e lec t rode  reached  the  
p y r a m i d a l  p a t h w a y s  a t  all b ra in  s t em levels. 

Elec t r ica l  s t imu la t ion  of ips i la teral  and  con t ra l a t e ra l  
cu taneous  (SR, SP) and  muscu la r  (DI, DP)  nerves  could 
induce an  increase of an t i d romic  t e s t  response.  The con- 
d i t ion ing  curve  ob ta ined  wi th  a single shock to  low 
th re sho ld  S R  f ibres  had  a t ime  course w i t h  m a x i m a l  
fac i l i ta t ion a t  a b o u t  60 msec for t he  ipsi la teral  and  70 
msec for the  con t ra l a t e ra l  SR.  S t imula t ion  of g roup  I 
muscu la r  f ibres  had  no effect  on an t i d romic  t e s t  response.  
Single shock  s t imula t ion  of g roup  I I  muscu la r  f ibres in- 
duced a P A D  which  was  max ima l  a t  a b o u t  60 msec  for 
the  ips i la tera l  and  a t  70 msec  for t he  con t ra l a t e ra l  DI  
fibres. An  add i t iona l  effect  was seen a f te r  s t imula t ion  of 
b o t h  S R  a n d  DI  group I I I  fibres. 

All t he  descr ibed effects  induced  b y  cen t ra l  a n d  peri-  
phera l  s t imula t ions  were  stil l  p r e sen t  a f te r  acu te  anaemic  
dece reb ra t ion  7 or in an imals  surgicMly dece reb ra ted  and  
cerebel lec tomized.  

(B) In  dece reb ra t ed  cats ,  a nega t ive  s low po t en t i a l  
change  (100-150 msec) has  been  recorded  f rom the  
isola ted  t r igemina l  sensory  roo t  fol lowing s t imu la t ion  of 
b ra in  s tem,  con t rMate ra l  in f raorb i t a l  ne rve  and  c o m m o n  
radia l  t runk .  Because  of i ts  ana logy  wi th  a dorsal  root  
po t en t i a l  (DRP)  of t he  sp ina l  cord s we n a m e d  i t  t r ige-  
mina l  dorsal  roo t  po t en t i a l  (TDRP) .  

(C) B y  record ing  wi th  microp ipe t tes ,  exp lor ing  in a 
f ron ta l  p lane  t h e  region of the  t r igemina l  complex  in the  

pons,  po t en t i a l  fields (P-wave) s imilar  to  those  recorded  
in t he  spinal  cord"  and  cunea te  nucleus  l° have  been  
found  fol lowing s t imula t ion  of b ra in  s t e m  and  infra-  
orb i ta l  nerve.  These  slow po ten t i a l  changes  las ted  for 
a b o u t  200 msec,  h a d  m a x i m a l  pos i t iv i ty  in t he  t r igemina l  
t rac t ,  m a x i m a l  nega t i v i t y  in the  nucleus  and  reversal  
llne b e t w e e n  nucleus and  t r a c t  pe rpend icu la r ly  to  the  
course of p r i m a r y  f ibres en te r ing  the  nucleus.  

Conclusions. The resul ts  show t h a t  b ra in  s t e m  re t icular  
regions (par t icular ly  n. re t icular is  gigantocel lular is ,  n. 
re t icular is  pon t i s  oralis and  pont i s  caudalis)  are able to 
induce a P A D  of t r igemina l  af ferents ,  t h e r e b y  pre-  
synap t i ca l ly  cont ro l l ing  n the  t r igemina l  input .  This  effect  
is p re sen t  also in t he  absence  of d iencephal ic ,  t e l encepha -  
lic and  cerebel lar  s t ruc tures .  A p r e s y n a p t i c  con t ro l  of 
t r igemina l  a f ferents  is also exe r t ed  b y  cu t aneous  and  
muscular  group I I  and  I I I  fibres. The  h y p o t h e s i s  m a y  be 

7 L. J. POLLOCK and L. DAvis, Arehs Ncurol. Psychiat., Chicago 
70, 391 (1923). 
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Neurophysiol. 27, 78 (1964). 
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a d v a n c e d  t h a t  t he  l a t t e r  con t ro l  is m e d i a t e d  t h r o u g h  b r a i n  
s t e m  re t i cu la r  neurones .  However ,  t h e  a c t i v a t i o n  of a 
more  specif ic  p a t h w a y  in such  a con t ro l  c a n n o t  be  ex- 
c luded.  

Riassunto. L ' e c c i t a b i l i t h  del le  t e r m i n a z i o n i  a f f e ren t i  
del  t r i gemino ,  s agg ia t a  con  it  m e t o d o  di WALL ~ a u m e n t a  
q u a n d o  s t imol i  c o n d i z i o n a n t i  sono  d a t i  a s t r u t t u r e  re t ico-  
lar i  del  t r o n c o  (in pa r t i co l a r e  ai  nuc le i  re t i cu la r i s  g igan to-  

cellularis ,  p o n t i s  cauda l i s  e p o n t i s  oralis) ed a f ibre  di 
ne rv i  per i fer ic i  c u t a n e i  e mnsco l a r i  di  g ruppo  I I ,  I I I .  

F. BALDISSERA, G. BROGGI 
a n d  M. MANCIA 

Istituto di l~isiologia Umana dell' Universith dl Milano 
and tmpresa di Elettro/isiologia del CNR,  sezione di 
Milano (Italy), 31st October 1966. 

S T U D I O R U M  P R O G R E S S U S  

Zur Fral~e des  V o r k o m m e n s  y o n  N - N i t r o s o -  
V e r b i n d u n g e n  i m  T a b a k r a u e h  

Als DRUCKREY u n d  PREUSSMANN t im J a h r e  1962 
d a r a u f  h inwiesen ,  dass  die B i l d u n g  yon  N i t r o s a m i n e n  aus  
S t i ckox iden  u n d  s e k u n d g r e n  A m i n e n  a u c h  im T a b a k r a u c h  
m6gl ich  sein miisste ,  feh l te  es a n  gee igne ten  M e t h o d e n ,  
diese V e r b i n d u n g s k l a s s e  im Z i g a r e t t e n r a u c h  n a c h z u -  
weisen.  I n z w i s c h e n  s ind j edoch  einige A r b e i t e n  e rsch ienen ,  
die d e n  q u a l i t a t i v e n  Naehwe i s  u n d  m i n d e s t e n s  e ine semi-  
q u a n t i t a t i v e  B e s t i m m u n g  dieser  Stoffe  zulassen  ~-6. Mi t  
e in igen  dieser  M e t h o d e n  i s t  de r  Nachwe i s  au s s e r o r den t l i ch  
ger inger  M e n g e n  y o n  N i t r o s a m i n e n  im T a b a k r a u c h  ge- 
f i ihr t  worden° -% Be i  d e n  A r b e i t e n  h a t  es s ich  j edoch  
gezeigt;  dass  die U n t e r s u c h u n g e n  e x p e r i m e n t e l l  auf-  
wend ig  u n d  sehwier ig  s ind  u n d  die B e a c h t u n g  e ine r  
g a n z e n  R e i h e  y o n  B e s o n d e r h e i t e n  e r io rde rn .  A u s s e r d e m  
s ind  in  de r  Zwischenze i t  e ine  R e i h e  yon  G r u n d l a g e n -  
U n t e r s u c h u n g e n ,  so f iber das  V o r k o m m e n  y o n  F l f i ch t igen  
B a s e n  - i n sbesonde re  sekundAren  A m i n e n  - in  T a b a k  
u n d  Rauch 9,~0, f iber  d e n  N i t r a t g e h a l t  v e r s e h i e d e n e r  
T a b a k t y p e n  n - l a  u n d  fiber gee ignete  B e s t i m m u n g s -  
m e t h o d e n  1,.15 f l i t  diese A u s g a n g s k o m p o n e n t e n  zur  
B i l d u n g  y o n  N - N i t r o s o - V e r b i n d u n g e n  ersch ienen .  

E s  i s t  d a h e r  s icher  a n  de r  Zei t ,  eine z u s a m m e n f a s s e n d e  
D a r s t e l l u n g  dieses Arbe i t sgeb ie te s  u n d  se iner  P r o b l e m a t i k  
zu geben.  

Analytik der Nitrosamine. Die N i t r o s a m i n e  h a b e n  sich 
au f  zwei W e g e n  ffir Nachweis -  u n d  Iden t i f i z i e rungs -  
r e a k t i o n e n  zugAnglich erwiesen.  Der  e rs te  is t  die p h o t o -  
ly t i sche  S p a l t u n g  de r  N - N O - B i n d u n g ,  bei  der,  n a c h  
A b s p a l t u n g  y o n  NO, S t i ckox ide  e n t s t e h e n ,  die d a n n  
a lka l i sch  a b g e f a n g e n  u n d  m i t  den  t ib l ichen Ni t r i t -  
reagenzien ,  z.B. d e m  Gr iess ' s chen  Reagenz ,  nachgewiesen  
w e r d e n  kCnnen  a,a. Der  zwei te  W e g  ist  die R e d u k t i o n  de r  
N - N i t r o s o - V e r b i n d u n g e n  zu a s y m m e t r i s c h e n  H y d r a z i n e n ,  
die w i e d e r u m  als 5 - N i t r o - 2 - h y d r o x y b e n z a l - D e r i v a t e  4 oder  
a ls  4" -Ni t roazobenzo lca rbons i iu re - (4 ) -hydraz ide  4,5in F o r m  
y o n  kr i s ta l l i s ie r ten ,  gef / i rb ten  D e r i v a t e n  z u m  Nachweis  
de r  N i t r o s o - V e r b i n d u n g e n  d i e n e n  kSnnen .  

N a c h  den  be iden  l e t z t g e n a n n t e n  M e t h o d e n  i s t  de r  
Nachwe i s  y o n  S p u r e n  N i t r o s a m i n e n  i m  T a b a k r a n c h  
gef t ih r t  w o r d e n  o-s. 

Stickoxide im Tabahrauch. Die gleichzei t ige q u a n t i t a t i v e  
E r f a s s u n g  yon  S t i c k s t o f f m o n o x i d  u n d  S t i cks to f fd iox id  
im T a b a k r a u c h  is t  e in  noch  ungelCstes  P rob l em.  S t ick-  
s t o f fmonox id  i s t  ein a n a l y t i s c h  aus  G e m i s c h e n  wie 
T a b a k r a u c h  schwier ig  ab s o r b i e r ba r e s  Gas (Kp = 
--151,8°C), das  n u r  u n t e r  g le ichzei t iger  O x y d a t i o n  zu 
S t i cks to f fd iox id  gefass t  w e r d e n  k a n n ,  w~khrend das  
S t icks tof fd iox id  (Kp  = 22,4°C) bei  de r  R a u c h t e m p e r a t u r  
we i tgehend  d i m e r  vor l i eg t  u n d  be i  de r  A b s o r p t i o n  in  
wAsserigem Alkal i  sofor t  zu N i t r i t  u n d  N i t r a t  d ispro-  

po r t ion ie r t .  Mi t  W a s s e r  wird  aus  S t i cks to f fd iox id  
SalpetersAure u n d  NO gebi ldet .  

Die g e m e i n s a m e  O x y d a t i o n  be ide r  Oxide  zu N i t r a t  i s t  
ffir den  T a b a k r a u c h  wegen  de r  gleichzel~igen A n w e s e n h e i t  
yon  A m m o n i a k  u n d  Aminen ,  die ebenfaUs o x y d i e r t  
wf i rden  16, n i c h t  a n w e n d b a r .  Mi t  den  zu r  Ver f f igung  
s t e h e n d e n  b e k a n n t e n  M e t h o d e n  s ind i m m e r h i n  Be-  
s t i m m u n g e n  de r  S t i ckox ide  im T a b a k r a u e h  d u r c h g e f i i h r t  
w o r d e n  1~,1s, de ren  E rgebn i s se  in  Tabe l l e  I z u s a m m e n g e -  
f a s s t  s ind.  

Tabelle I. Stickoxidgehalt im Zigarettenraueh ppm (v/v) 

Autoren NO NOa 

HAAGEN-SMIT et al. tv 145- 655 
BOKHOVE~ und NIESSENlS 170-- 210 
TADA TM 72- 271 19-118 
NORMAN und KEITH z° 442--1008 0- 25 
X~rESTCOTT gl[ 96-1120 
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