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Single st imulation of A-f ibers  of the tibial nerve evoked not only a late response  - a discharge 
of the latent period 60-140 m s e c -  in the renal nerve of unanesthetized decerebra te  ca ts ,  but 
also a very  late response (VLR), with a latent period of about 0.35 sec. This r e sponsewas  easily 
elicited in nearly all experiments  on "mesencephal ic"  animals,  but after  division of the brain 
stem at different levels of the pons, including the region of the pontobulbar junction and the most  
ros t ra l  portions of the medulla, it was discovered in only 1 of 18 animals.  After division of the 
brain stem ra ther  more  caudally (in "bulbar" animals) VLR was found in 10 of 11 animals.  In 
the region of the pontobulbar junction there are thus s t ruc tures  which tonically inhibit the activity 
of the sys tem generating the VLR. It is shown that the activity of this sys tem is potentiated by 
two types of summation p roces se s :  Some taking place during long (seconds) and others taking 
place during short  {milliseconds) t ime intervals.  
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Besides ear ly  and late responses  of sympathetic neurons [8, 11, 14], the A-afferent  vol ley of hind-limb 
cutaneous nerves can also evoke another response of these neurons, known as the "very  late response"  (VLR) 
[10, 13]. This name is given to the discharge because of its ext remely  long latent period - of the order  of 0.3 
sec.  So far  this response has been found only in cats with an intact brain (and with divided vagus, aort ic ,  and 
carotid sinus nerves),  only in preganglionic nerves ,  and only under ext remely  superficial  general  anesthesia.  
Even a very  slight increase  in the depths of anesthesia suppressed the VLR. After division of the brain stem 
at the middle of the pons or  above, theVLR disappeared.  This suggested that the reflex pathway of VLR runs 
ros t ra l ly  to the pons, and the a rc  of this responce can be called "suprapontine" [13]. 

In animals with an intact brain, depending on whether anesthetized or  not, impulses in spinal A-afferents  
ra ise  or lower the a r te r ia l  blood p re s su re  (BP) [7, 9, 12]. The par t icu lar ly  high sensi t ivi ty of the neuronal 
system generating the VLR to general  anesthesia suggests that anesthesia al ters  the cha rac te r  of reflex r e -  
sponses of BP because it suppresses  this sys tem.  In  that case,  the active or inactive state of the system can 
determine whether impulses in A-afferents  give r ise  to p r e s s o r  or dep res so r  reflexes.  

In anesthetized "mesencephal ic"  or "bulbar" cats the flow of impulses in Aft-,  A61-, and A62-afferents 
(conduction velocity 15-22 m/sec )  of the tibial nerve (TN) ra ises  BP [1]. However, the same flow (and often a 

m o r e  intensive flow including impulses in A63-afferents ) lowers BP in cats decerebra ted  so that the medulla 
p re se rves  its connections with the caudal formations of the pons [2]. 

If the suggestion that VLR play a decisive role in the mechanism of p r e s s o r  ref lexes is co r rec t ,  it can 
be expected that: 1) this response will appear in VVmesencephalicVV animals;  2) it will be depressed if connec- 
tions are  p reserved  between the medulla and pons; 3) rupture of these connections will r e s to re  the mechanism 
of VLR. The experiments  descr ibed below confirm all three suggestions and themselves  provide a basis for  
the fur ther  suggestion that a vital condition for the occurrence  of hypertensive ref lexes is an active state of 
the sys tem generating VLR of vasocons t r ic tor  neurons.  
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F ig .  1. Late  and ve ry  late  re f lex  A - r e s p o n s e s  in "bulbar"  (1) and "mesencepha l i c"  (2) 
ca ts .  Averaging  of 20 r e s p o n s e s  to s t imula t ion  of t ib ia l  nerve  by single pu lses  (3 V, 0.1 
m s e c ,  in te rva l  between s t imul i  5 sec) .  Ar rows  show t imes  of appl ica t ion  of s t imul i .  

Fig .  2. ~ncrease in ampl i tude  of ve ry  la te  r e sponse  to s t imula t ion  of A - f i b e r s  of t ib ta l  
nerve  (3 V, 0.1 msec)  on shor tening in te rva l  between single s t imul i  (lb), during s t i m u l a -  
t ion with shor t  vol leys  of s t imul i  (2b), and a f t e r  te tantc  s t imula t ion  of A +C-a f fe ren t s  of 
t tb ta l  nerve  (3b). 1, 2) "Bulbar"  ca ts ,  3) "mesencepha l i c "  cat .  T r a c e s  m a r k e d  a a re  con- 
t ro l .  In terval  between s t imul i  (or vol leys  of s t imul i )  in al l  t r a c e s  except  l b  was 5 sec .  
Ar rows  m a r k  t i m e s  of appl ica t ion  of s t imul i .  

E X P E R I M E N T A L  M E T H O D  

Since the de ta i l s  of the method were  de sc r ibed  p rev ious ly  [1-4], al l  that  wil l  be said here  is that  the ex-  
p e r i m e n t s  were  c a r r i e d  out on ananes the t ized  d e c e r e b r a t e  e u r a r t z e d ,  a r t i f i c i a l l y  vent i la ted ca ts .  D e e e r e b r a -  
t ion was c a r r i e d  out under  e the r  anes thes i a  by coagulat ion of b ra in  t i s s ue s  with a h igh- f requency  cu r ren t .  The 
b ra in  s tem of 12 cats  was divided in a plane pas s ing  through the m a m m i l l a r y  bodies  and immed ia t e ly  a n t e r i o r l y  
to the c o r p o r a  quadr igemtna  ("mesencephal ic"  an imals) ;  in 18 ca ts  the b ra in  s tem was divided in var ious  p a r t s  
of the ports and a l so  in the region  of the pontobulbar  junction and the mos t  r o s t r a l  por t ions  of the medu l l a  
("pontine" animals) ;  in 11 cats  it was divided a l i t t le  caudal ly  to th is  reg ion  ("bulbar" an imals ) .  The leve l  
and comple t eness  of d iv i s ion  of the b ra in  s t em in each expe r imen t  were  ve r i f i ed  in b ra in  p r e p a r a t i o n s  fixed 
with fo rmal in .  

Responses  were  r e c o r d e d  in the left  r ena l  ne rve .  To exci te  A - f i b e r s  of the left  TN it was s t imula ted  
e l e c t r i c a l l y  with pu l ses  0.1 m s e c  in dura t ion  and not over  3 V in ampl i tude ,  suff icient  to exci te  n e a r l y  al l  A- 
f ibers  of TN but below the th resho ld  of exc i ta t ion  of i ts C - f i b e r s  [5, 8]. Stimuli  1 m s e c  in dura t ion  and 15 V 
in ampli tude were  used to exci te  the A + C - f i b e r s  of TN. The r e f l ex  r e s p o n s e s  were  ave raged  by an ATAS-201 
appara tus ,  to the input of which s ignals  were  led f rom the UBP1-02 amp l i f i e r  through a br idge  c i r cu i t  conve r t -  
[ng b ipo l a r  s ignals  into monopola r .  Usual ly  r e s p o n s e s  to 20 consecut ive  s t imul i  were  ave raged .  The p r e s s u r e  
in the r ight  f emor a l  a r t e r y  (con t ra la te ra l  to the s t imula ted  TN), ve r i f i ed  by a m e r c u r y  m a n o m e t e r ,  was be -  
tween 110 and 160 mm Hg. 

E X P E R I M E N T A L  RESULTS 

In the rena l  nerve  of d e c e r e b r a t e  an ima l s  the inhibi tory  component of the late  r e s p o n s e  may  be i n t e r -  
rupted by the appea rance  of yet  another  r e s p o n s e .  Its la tent  per iod  for  the two cases  r e c o r d e d  in Fig,  1 was 

1101 



about 0.35 see. The averaged amplitude of this response was less than the mean amplitude of the late response,  
but its duration was much longer. The minimal strength of stimulation of TN required to cause the appearance 
of this very long latency response was 0.5-0.7 V. Stimuli of this amplitude excite both A fl- and A61-afferents  
and A52-afferents of TN [5]. Admittedly, in most  experiments  this response  developed only when the amplitude 
of the single stimuli exceeded 1-1.5 V, i.e., when it was sufficient to excite A5 -af ferents  also [5]. The dis-  
charge in the renal  (postgangtionie) nerve,  interrupting the inhibitory component of the late A-response ,  thus 
appeared after approximately the same latent period and to stimuli of the same amplitude as in preganglionic 
nerves [13]. Consequently, this was the same response in both cases  and, just as in the paper by Sato [13], it 
must  be called "very late." Since the renal nerve consists  almost  entirely of vasocons t r ic tor  f ibers [5, 8] it 
is c lear  that the VLR is generated by vasocons t r ic to r  neurons (this does not rule out the possibil i ty that the 
same response may also be generated by other sympathetic neurons).  

The reflex pathway of VLR is not suprapontine: This response appeared in 8 of 11 "bulbar ' cats (Fig. 1, 
1) and, consequently, p reserva t ion  of connections of the spinal cord with the g rea te r  par t  of the medulla was 
sufficient for  its generation.  The very  late response  was found also in nine of the 12 "mesencephal ic"  animals 
(Fig. 1, 2), but among the "pontine" animals it could be detected in only one of 18. 

in the experiments in which VLR was weak, it could be intensified by shortening the intervals between 
single stimuli to 2 or  1 see (Fig. 2: 1), or by stimulating A-afferents  with 2 or  3 stimuli at intervals  of 2.5-50 
msec  (Fig. 2: 2). Short (10-15 sec) tetanic stimulation of A +C-afferents  of TN, which increased the sensitivity 
of the dorsal  horn neurons to the volley of A-afferents  of the same nerve for  a few minutes,  facil i tates the 
appearance of the late response  [6]. This procedure  also facilitated the appearance of the very late A- response  
(Fig. 2: 3). The methods of increasing the effectiveness of action of volleys of A-afferents  mentioned above 
{both individually and in various combinations) enabled a VLR to be discovered in three nmeseneephalie" and 
in two of the three "bulbar" animals,  in which it could not be evoked by single stimuli separated by intervals 
of 5 sec.  A VLR was thus discovered in all the "mesencephal ie"  cats and in 10 of 11 "bulbar cats.  Its latent 
period was 0.36 + 0.08 sec (mean value •  for  the fo rmer  and 0.33 • 0.05 sec for  the lat ter .  These 
methods of detection of VLR were effective in only four of the 13 experiments on "pontine" animals in which 
these methods were  used and in which it was not induced by single stimuli (repetition period 5 sec). 

Hence, as was expected, preparat ions  of the caudal regions of the pons and even the most  ros t r a l  por -  
tions of the medulla prevents the appearance of the VLR. It can tentatively be suggested that the absence of 
the VLR in mos t  "pontine" animals was due either to par t icu lar ly  intensive inhibition of preganglionic neurons,  
developing during the appearance of the late response preceding the VLR, or to descending tonic inhibition of 
the interneuronal system generating the VLR. Formations located in the region of the pontobulbar junction 
and in the ros t ra l  portions of the medulla are  the source of these influences. 

The activity of the sys tem generating the VLR is potentiated by summation p rocesses  taking place over  
long (seconds) and short  (milliseconds) t ime intervals .  The summation p rocess  of the f i rs t  kind is manifested 
as a marked decrease  in the latent period of the VLR on shortening of the intervals  between single stimuli (or 
short volleys of stimuli):  During stimulation with a frequency of 1 Hz the latent period of VLR may be reduced 
to 0.2 sec.  Probably more  frequent st imulation would increase  the excitability of the interneuronal sys tems 
generating the VLR, and so increase  the probabili ty of excitation of preganglionic neurons which discharge 
af ter  the shor tes t  latent period.  The minimal  latent period of discharge of single preganglionie neurons c o r -  
responding to the VLR is known to be 0.2 sec,  and the maximal  latent period 0.5 see [10]. 

The summation process  of the second type augments the VLR in the case of double or tr iple repeti t ion 
of the A-afferent  volley at intervals of 2.5-50 msec .  These secondary  volleys ought to excite the interneuronal 
sys tem generating the VLR more  intensively, as a resul t  of which the number of impulses in this sys tem cap-  
able of overcoming the inhibition to which the preganglionic neurons are  subjected during the formation of the 
late response  is evidently increased,  with a corresponding increase  in the number of preganglionie neurons 
generating the very  late discharge.  The essential  point is that because of the summation p rocess  of the second 
type a VLR can be evoked by a short  volley of stimuli whose amplitude is sufficient to excite only a small  p ro -  
port ion of A52-afferents (0.3 V). The necess i ty  for  excitation of A6~-afferents before a VLR can appear  in 
response to single st imulation of VLR is also determined by a summation p rocess  of the second type:  In this 
case,  the potentiates spatial summation and increases  the time taken for  the afferent volley to reach the CNS. 

it remains  to be added that the par t icu lar ly  long duration makes the VLI~ functionally the most  important  
component of somatosympathet ic  reflex discharges ,  i.e., the principal  discharge responsible for  hypertensive 
react ions of the vasocons t r ic tor  sys tem to impulses in somatic A-afferents  [1-3]. 
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D I G E S T I O N  O F  M I L K  P R O T E I N S  AND L Y S O S O M A L  

P R O T E I N A S E S  OF T H E  I L E A L  M U C O S A  O F  Y O U N G  R A T S  

V.  R .  N i k o l a e v s k a y a  a n d  M. P .  C h e r n i k o v  UDC 612.664.7 : 612.398.3 

To study whether  lysosomal  pro te inases  of the ileal mucosa  can par t ic ipate  in intraluminal 
digestion, the proteolyt ic  activity of lysosomal  and pancreat ic  pro te inases  was determined 
both in the chyme and in a homogenate of ileal and jejunal t i ssues  f rom ra ts  aged 12 and 30 
days.  In the period of milk feeding the proteolyt ic  activity of acid (lysosomal) pro te inases  
was shown to be th ree  t imes  higher  in the ileum than in the jejunum, and this was shown to 
be t rue both for  the mucosa  and for  the contents of these par t s  of the small  intestine.  In 
ra t s  which had changed over  to a definitive diet, acid prote iuase  activity in the jejunum and 
ileum was a lmost  unchanged both in the mueosa  and in the contents.  The resu l t s  a re  evidence 
that pancrea t ic  pro te inases  adsorbed f rom the ehyme of the small intest ine can par t ic ipate  in 
contact digestion. 

KEY WORDS: ear ly  postnatal  period; lysosomes;  acid prote iuases ;  milk prote ins;  pancrea t ic  
p ro te inases .  

Data have recent ly  been published to show that giant lysosomes  a re  located in the brush bo rde r  of the 
enteroeytes  in the distal port ion of the small  intestine in the ear ly  postnatal period of development in ra ts .  
The change f rom milk  to definitive feeding is accompanied by disappearance of these lysosomes .  It has been 
suggested that lysosomal  enzymes par t ic ipa te  in in t race l lu la r  digestion during the period of milk feeding [6, 7]. 

The problem of the mechanisms lying at the basis of the high eff iciency of uti l ization of milk proteins  at 
an ear ly  age has not yet  been solved. It is c laimed that some milk proteins  during this period can be absorbed 
in the unhydrolyzed state  [9]. There  is also evidence of the a l imentary  specif ici ty  of milk prote ins ,  which 
de termines  the high eff iciency of the i r  uti l ization [ 1]. Some workers  have noticed that  the digestive sys tem 
in the period of mi lk  feeding is immature  [7, 8], although the opposite views have also been expressed ,  namely 
that at an ear ly  age the level of development of the proteolyt ic  sys tem of digestion is re la t ive ly  high [~0]. 
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