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The durat ion of the ref lex  apnea produced in cats  by s t imulat ion of the upper  r e s p i r a t o r y  
t r a c t  with ammonia  i n c r e a s e s  following injection of noradrena l in  and serotonin  into the c e r e -  
b r a l  ven t r i c l e s ,  and also following in t raper i tonea l  injection of dihydroxyphenylalanine and 5-  
hydroxytryptophan.  The effect  of noradrena l in  was abolished by phentolamine,  and that  of 
s e rotonin by morphine.  

The neurochemica l  mechan i sms  of function of r e s p i r a t o r y  neurons have rece ived  li t t le study. The use  
of mic roe l ec t rode  techniques and h i s tochemica l  methods in recent  y e a r s  have revea led  the p r e s e n c e  of neu-  
rons  sens i t ive  to dopamine, serotonin,  and noradrena l in  in nuclei of the vagus nerve ,  the t r ac tus  so l i ta r ius ,  
the ven t ro la t e ra l  zone of the caudal divisions of the medulla,  and r e t i cu l a r  neurons  of the pons [9-11, 14, 
18]. These  resu l t s  suggest  par t i c ipa t ion  of b ioamines  in the mechan i sm of function of the bulbar  r e s p i r a -  
to ry  cen te r  [1, 5, 7, 8], which l ies  in the r e t i cu l a r  fo rmat ion  of the b ra in  s t em [2-4]. However,  no data yet  
ex is t  regarding  the nature  of ad renerg ic  and se ro ton in - sens i t ive  s t ruc tu re s  of the r e s p i r a t o r y  neurons.  

The object  of the p r e s e n t  invest igat ion was to study the effect  of b ioamines  and the i r  p r e c u r s o r s  on 
the inhibi tory r e s p i r a t o r y  re f lex  produced by s t imulat ion of the uppe r  r e s p i r a t o r y  t r a c t  by ammonia ,  and 
also to study the mechan i sm of onse t  of this  effect.  

EXPERIMENTAL METHO D 

Exper imen t s  were  ca r r i ed  out on 65 cats  weighing f rom 1.9 to 3.5 kg, anesthet ized with ure tane  (800 
m g / k g ,  in t raper i toneal ly) .  Resp i ra t ion  was recorded  by means of a M a r e y ' s  capsule  and cannula introduced 
into the t rachea .  The functional s tate  of the cen t ra l  components  of the inhibi tory re f lex  evoked by s t imula -  
tion of the nasa l  mucosa  with ammonia  was judged f rom the p r e sence  of a r e s p i r a t o r y p a u s e  [3]. This was 
evoked by  a method which allowed applicat ion of s t r ic t ly  local  s t imuli ,  of measu red  strength,  which was 
maintained throughout the exper iment ,  for  shor t  per iods  (1.5 sec).  In the course  of the expe r imen t  the 
ref lexogenic  zone was s t imulated not more  than 12 t imes  at in te rva l s  of 5-10 min. To a s s e s s  the r e s p i r a -  
to ry  re f lex  quantitatively, changes in the durat ion of re f lex  apnea produced by monoamines  were  de termined.  
In two s e r i e s  of exper iments ,  4 h before  the exper iment  began the an imals  rece ived  an in t raper i tonea l  in-  
jection of dihydroxyphenylalanine (DHPA) and 5-hydroxyt ry tophan  (5-HTP) in a dose  of 50 mg/kg.  No rad re -  
nalin (NA) and serotonin (5-HT) were  injected into the l a te ra l  vent r ic le  through a p e r m a n e n t  cannula [12]. 
To analyze r ecep to r  s t ruc tu re s  of  the t r i gemino -bu lba r  pathways in the bra in  s t e m  through which specif ic  
effects  of  NA and 5 -HT a re  t ransmi t t ed ,  d ihydroergotamine  (DET), a specif ic  antagonist  of the a - e f f e c t s  of 
ca techolamines  [15] and the D-ef fec t s  of s erotonin [13], the a - a d r e n o l y t i c  phentolamine [15, 16], the fl- 
adrenolyt ie  propranolo l  [7], and morphine,  which inhibits effects  due to the action of 5 -HT on se ro ton in-  
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TABLE i. Effect of Bioamines and Their Precursors on Duration 

of Reflex Apnea 

d '  ,* ~ I I Duration of reflex apnea (in sec) 
~'~ ~ I intra }eritoneal in ection intraventricular injection 

a control DHPA 5-H P 5-H  

1,25 2,03 
1,21--2,85 

2,5 3,24 
2,68--3,8 

5 5,73 
4,22--7,24 

5,33 
3,58--7,08 

6,82 
5,41--8,23 

8,3 
7,03--9,57 

4,28 
2,53--6,03 

5,56 
3,9--7,22 

7,88 
6,86--8,8 

control NA 

3,02 5,37 
2,35--3,69 4,07--6,67 

4,68 8,12 
4,18--5,18 6,37--9,87 

6,5 11,25 
5,23--7,77 8,09--14,41 

5,62 
4,04--7,2 

8,15 
6,68--9,62 

11,18 
7,58--14,78 
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Fig. 1. Effect  of phentolamine,  propranolo l ,  
d ihydroergo tamine ,  and morphine,  injected 
into the l a t e r a l  ven t r ic le ,  on the inc rease ,  
caused by b ioamines ,  in the durat ion of re f lex  
apnea in r esponse  to s t imulat ion of the nasal  
mucosa  by 2.5% ammonia :  1} durat ion of r e f l ex  
apnea produced by ammonia ;  2) ditto, a f t e r  in-  
ject ion of noradrenal in ;  3) ditto, a f t e r  inject ion 
of noradrena l in  against  the background of phen-  
tolamine;  4} ditto, a f t e r  injection of noradrenal in ,  
against  the background of propranolo l ;  5) ditto, 
a f t e r  inject ion of noradrena l in  against  the back -  
ground of morphine;  6) ditto, a f t e r  inject ion of 
serotonin;  7) ditto, a f t e r  injection of serotonin  
agains t  the background of d ihydroergotamine ;  
8) ditto, a f t e r  inject ion of serotonin  aga ins t  the 
background of morphine;  9) ditto, a f te r  injection 
of sero tonin  against  the background of phentol -  
amine (values of M �9 m given). 

sens i t ive  s t ruc tu re s  of the M-type [13], were  injected 
into the ven t r ic le  10 rain be fo re  inject ion of the amines .  
The b ioamines  and the i r  antagonists  were  injected in a 
dose  of 200 ~g (calculated as base) in a volume of 0.25 ml. 

R E S U L T S  A N D  D I S C U S S I O N  

Stimulation of the nasa l  mucosa  with ammonia  
(1.25, 2.5, and 5%) evoked an inhibi tory r e s p i r a t o r y  r e s -  
ponse in all exper iments ,  manifes ted  by holding the 
b rea th  for a few seconds followed by resumpt ion  of r e s -  
p i r a t o r y  movements .  The re f lex  holding of the b rea th  
takes  the fo rm of an exp i r a to ry  pause,  i ts  durat ion de-  
pending on the concentra t ion of ammonia  used. The 
a f fe ren t  s t ruc tu re  concerned in this re f lex  is the t r i -  
geminal  nerve,  along which impulses  reach the b ra in  
s t em at the level  of the t egmentum of the pons [3]. 

Fu r the r  expe r imen t s  showed that  p r e l i m i n a r y  
injection of DHPA and 5 - H T P  signif icantly i nc reased  the 
durat ion of the r e s p i r a t o r y  pause  produced by s t imula -  
t ion of the nasa l  mucosa  with ammonia .  A s i m i l a r  
effect  was produced by NA and 5 -HT when injected into 
the l a t e ra l  ven t r ic le  (Table 1). 

The inc rease  in the durat ion of ref lex  apnea due 
to NA was abolished by phentolamine,  but not by p r o -  
pranolol .  On the other  hand, the analogous effect  of 5-  
HT on the r e s p i r a t o r y  re f lexes  due to s t imulat ion by 
ammonia  (2.5%) was not affected by DET or  phentol-  
amine.  Meanwhile, a f te r  p r e l i m i n a r y  injection of m o r -  
phine, the inc rease  in durat ion of re f lex  apnea usual ly  
evoked by serotonin did not take p lace  (Fig. 1). 

The abili ty of b ioamines  and the i r  p r e c u r s o r s  to i nc rea se  the duration of re f lex  apnea may be evidence 
that  these  subs tances  act  upon inhibi tory neurons  of the t r i gemino-bu lba r  pathways of the b r a in s t em,  
through which the ammonia  ref lex  is rea l ized.  This hypothesis  is in ag reemen t  with the resu l t s  of expe r i -  
ments  conf i rming that  such neurons  exis t  in the s y s t e m  of the r e s p i r a t o r y  cen te r  [2, 4, 17]. However,  des -  
pi te  the s imi l a r i t y  between the externa l  mani fes ta t ions  of the r e s p i r a t o r y  responses ,  the neurochemica l  
mechan i sms  producing the obse rved  effects  of monoamines  a re  not identical. Judging f rom the influence of 
phentolamine and propranolo l  on the NA effects ,  the i nc r ea se  in durat ion of r e f l ex  apnea produced by the 
amine is brought  about through par t i c ipa t ion  of ~ - a d r e n e r g i c  r ecep to r s .  Exper imen t s  in which the inhibi-  
tory  influence of ~ - a d r e n o l y t i c s  on the inhibi tory effects  produced by d i rec t  s t imula t ion  of the r e t i cu la r  
fo rmat ion  was es tab l i shed  conf i rm the above a rgument  [1]. Converse ly ,  s t rengthening of the inhibi tory r e s -  
p i r a t o r y  r e sponses  by sero tonin  was unconnected with the action of the amine on c~-adrenergic or  D-sero:-  
tonin r ecep to r s  becuas e  i t  was unchanged by the action of phentolamine and DET. On the other  hand, b lock-  
ing of s e ro ton in - sens i t i ve  s t r u c t u r e s  of the M- type  by morphine abol ishes  the i nc r ea se  in durat ion of the 
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respiratory pause produced by 5-HT. The observed antagonism is specific because the analogous effect 
of NA on the respiratory reflexes was not weakened but, on the contrary, was strengthened by morphine 
(Fig. 1). 

It can be concluded from these results that the effect of 5-HT on the central components of the inhibi- 
tory respiratory reflex is associated with the action of the amine on serotonin-sensitive structures of the 
M-type. This conclusion correlates with the results of experiments showing that morphine depresses 
various types of inhibition in the central nervous system, including descending inhibitory influences arising 
during stimulation of the reticular formation [1]. 
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