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~h:flexcs arising on stLmulation of various intcroceptive areas have been well ~ d i e d  but flmre are ~ill no complete 
,lata on proces,~s oceurrin~ |n vat!out l i ~ : ; ~ r / ~  interoe~pt;ve reflex m~ during the appearance and development 
of an Interoeeptive reflex, 

In order to study the proces~s wh~c]~ take pl,x:e in t~c fnteroeeptive reflex ~.rc the reflexes as~meiated with 
~timulation of the bladder i.~:mchmtorcceptors were ~lected in the ~re~ent work. Physiologic inve~igattons and 
clinical data provide evidence of complex t e l e x  connections between the organs of the excretory ~stem in the 
first place. Tints, Barrtngton [7, 8] described a mrics of reflexes appearing in ca~  dering the a c t o f  n~icturitkm: 
reflex contraclion of d,e bladder a ,szociatcd with the passage of fluid o-hrougl, the urethra; reflex relaxation of  
the uredlra during the passage of fluid through it: re.qcx relaxation of the urethra accompanying distentlor of  
the bladder mu~ulamre~ 

Other amhort studied action potentials in afferent and effe_rent fibers of the bladder[10, 12]. 

It was shown that depending on the functional state of the central nervous system mieturiflon can occur at 
different degrees of filling of  the bl,xtder [2, 3, 9, l l J .  

N. A. Adamovieh [1], who studied afferent tmpulees in Lbe bra~'ecbes of the pc!vie nerve which irmervates 
die bladder noted that gqe imensivene~s of efferent activity in die pelvic nerve depended not only on the inten- 
siveness of a,.;ren~'- " ac'.Ivi.'y . . . . . . . .  f,,~m ,.he_ ~.~..t.~_..~,..,~., t...~,,, alr~ on the ztate of t~e central nervous ~ystcrn, When the 
excitability of the centers had been artificially increased by stryelmine the efferent activity in tim pelvic nerve 
was considerably enhanced and could even be observed when the bladder was empty. 

Stimulation of the bladder meehanoreeeptors leads not only to reflex contraetlon of its mu~eulatttre and 
to reflex changes In the tonui of file urethra but also produces reflex el:anges in other systems of the organism. 
Changes In blood lxessure, respiration, activity of smood: and skeletal muscle etc. may occur during stimulatioia 
of the bladder mechanoreeeptort, Some time ago V. N. Chemigovsky [4, 5] bad snggested that two types of 
tntcroceptive reflexes be recognized - "direct" and "conjugated ". The former are reflexes d~sectly contracted 
with a g~vcn physiologic system and discharged wifl~in its limits, mediating a definite group of rel3texe$ "serving ~' 
the given system. The latter, also arising from the given interoceptive area, are discharged outside the given 
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physiologic sys=em ,and Involve in the reaction physiologic systems which ,arc not directly connected with the 
flr~t one in a f~metlonal ~nse. 

S~=b~qquently V. M' KhayutM [GJ established that ~dlrect" reflexes(from tim bladder mechanoreeeptorll 
to urethral tonuQ had a 2-7 thnes lower thredmld than the "eortJugatod" reflexes (front the bladder mechano= 
receptors to blood ~essttre and re~lratkm) and were much less subject to adaptation on prolonged stimulation 
of tim bl,xlther mcehanoreeeptors. Reflexes described by Barrlngton should be regarded as "direct ~. 

In the present communication data am presented concerning dm eleetrophysiologlc characteristics of 
"direct" reflexes primarily (the electrophystologle analysis of "conjugated" reflexes will form tim substanee o f  
farther communications). 

METHODS 

Experiments were performed on cats. Intravenous urethane a~est]~sla was u~cd. In order to stimulate the 
bladder mcehanoreceptors it was filled with physiologic solution or with air. A eannula was Introduced Into tim 
bladder dtroagh the ,irethra: the cannula was connected by a three-way tap with a system ofvessoh used for 
inflation and with a :~ereury manometer which registered presmre within the bladder. The tonu= :nd contractions 
of the urethra were recor~k~d by tl~ method described by V. M. Khaytttin [6]. In flmsc experiments carotid artery 
blood pressure was also re~."-orded (mercury manometer). 

Simultaneously with the recording of blood pressure and urethral tontts a re.cord was taken of  the electric 
potentials In the peripheral end of a branch of  the pelvic nerve leading to the bladder (afferent impulses fro?,l 
bladder receptors) and in the central end of the pudendal nerve (efferent impulses to ttm urethra). 

Nerw action Potentials were led off by means of platinum electrodes with an lnterelectrode distance of  
4-5 ram; a two-channel cathode oscillograph "OB-2 = and amplifier were used. Tbe-fre~ency ch~acterlstlr of 
the amplifier was linear within the range of 10-500 opt. 

RESULTS 

Recording of action potentials from the peripheral end of  the pelvic nerve (afforen~ impulses from the 
bladder) when the bladder was empty showed that electric activity was absent from the nerve, which is in a c e ~ -  
dance with the data of other authors. At the sanv~ time continuous lmlmlses were observed in the contrM end of  
the vddendal nerve; these impulses increased somewhat when l~hysiotogic solution was allowed if flow through 
the urethra. Inrax)duetion of from 2 to 10 cc of air (different quantities in different experiments) into the bladder 
gave rise to considerable h-mreasr of afferent impulses in, the pelvic nerve. The central reaction in response to 
this stimulation was an increase in the frequency arid amplitude of efferent lmpulre= in the Pudendal nerve. The 
latent period of  die e h ~ g e  in efferent impulses following the beginning of stimulation of the bladder meehano- 
receptors was from 2 to 7 seeond~. There was simultaneous increase in the tonus and contraction of the urefl'ura 

(Fig. 1). 

Thus the first reflex which appears on weak stimulation of the bladder mechanoreeeptor= is an increase in 

the tonus of the urethra. 

There are no changes in blood l~smre. 

Increasing the intensity of stimulation of the bladder n~ehanorcceptors (introduction of 10-20 cc of air 

into the bladder) caused strong afferent activity in the pelvic ncr~m. 

La response to increased stimulation there was lowering of efferent activity in the pudendal nerve.. 

On furthcr increasing bladder stimulation efferent impulses in the Pudendaincrve Ceased altogether. 
The latent period, for change in efferent activity remained the same, During this time decrease of urethral tonus, 
Le.. its relaxation', was observed (Fig. 2). No changes in blood prostate occurred with this strength of stimulation. 

Only on still furthcr increase in the strength of stimulation did a rise in blood pressure take place together 
with complete depression of efferent Impulses and relaxation of ttm urethra, Le., the reflex influences .~pread 
not only to the system directly rclatcd to the performance of rifle given function, but also involved a system 

ftlrflmr removed in a fanctional sense. 
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Fig. 1, Reflex changes tn urethral tonus and afferent and efferent Impulses on 
weak ~Amulatiotl of  the bladder mechanoreceptott, 
a) Initial efferent Impulses In the pudendal nerve with a rhythm of 60 per ~onr  
Afferent Impulses in the pelvic nerve are absent (before stimulation); b) 9 cc of 
~lx hatroduced into the bladder; efferent Impulses in the pudendal nerve with a 
rhythm of 100 per second. Afferent impulses In the pelvic nerve represented on the 
o~eillogram by several impulses; e) the same 5 minutes after withdrawal of air 
from th~ bladder; efferent impulses in the pudendal nerve with a rhythm of '/0 Pet 
second; afferent lmlyalses in the pelvic nerve absent. Records from above down: 
zelon potentials o f  the central end of  the pudendal nerve; action potentials o[ lhe  
central end of the pelvic nerve; time marker (0.25 seconds). 

Fig. 2. Reflex changes of urethral tonus and of fifferent and efferent iml~alse$ 
on stronger stimulation of the bladder meehanoreceptors. 
a) Initlai efferent impulses in the pudendal nerve with a rhythm of 70 per second. 
Afferent impulses tn the pelvic nerve absent (before stimulation); b) 11 ce air 
introduced into file bladder; efferent Impulses in the pudendal nerve at 32 per 
~eeond; appearance of considerable afferent activity in the pelvic nerve; c) the 
same 5 minutes after withdrawal of air from the bladder; efferent impulses in the 
pudendal nerve with a rhythm of  55 per second; afferent impulses in the pelvic 
nerve absent, Records the ~ame as in Fig. 

In order to trace the part played in natural m!cturitlon by those reflex relations between the bladder and 
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the urethra which were observed In the present work with various degrees of filling of the bladder, special exp- 
crln~nts were perforn~ed in which the abdominal cavity was opened with great care. In those cases In width 

bladder ~ro,)ed to be filled with urine afferent impulses were recor,~ed from the pelvic nerve and efferent 
lntp.~l~s from the pudendal nerve, 

Fig. 3. Reflex effects from the bladder on urethral tonus; efferent and 
afferent impulses during natural mieturition. 
a) Bladder is filled with urine, but ts relaxed; strong efferent activit T is 
seen in the pudendal nerve and weak afferent activity in the pelvic nerve; 
b) contraction of the bladder during mtcturition; sharp lowering of efferent 
activity in the pudendal nerve; intensive afferent activity in the pelvic nerve; 
c) the same after emptying of the bladder; efferent impulses in tile pudendal 
nerve present but considerably wea3cer than with full bladder; afferent imp- 
ulses in the pelvic nerve practically absent; records ~ e  .~ame as in Fig. 1. 

Figure3.a showsthat if the bladder i; filled but relaxed low frequency afferent activity occurs in the pelvic 
nerve. At the same time strong efferent impulse~ to t ~  urethral musculature is observed in the pudendal nerve 
and it is evidently these impulses that maintain the urethra in the contracted state, thus preventing the emape 
of urine from the bladder. Further filling of the bladder Is thus possible. 

Howeeer, when the bladder reaches certain dimensions its contraction begins. As can be ,eert from Fig. 
3, b, contraction of the bladder gives rise to considerable afferent activity in the pelvic nerve under the in- 
fluenee of which a sharp decrease in the efferent activity with respect to urethralmusculature and its relaxation 
occur. This mechanism ensures emptying of the bladder. Follow~g evacuation of the bladder (Fig. 3, r 
efferent Impulses to urethral musculature are decreased considerably as compared to impuI~s seen when the 

bladder is full(Fig. 3, a). 

At this moment, as shown by V. M. Khayutin [6], if the outflow of urine is blocked, a rise of blood pressure 
takes place, 

D I S C U S S I O N  

The remlu obtained show that ~ o  opposite reactions of theurethra can be obtained on simultaneous 
recording of afferent Impulses from the bladder and efferent impulses to the urethral musculature, as well as 
of urethr-.d tonus and blood pres.mre, depending on the strength of stimulation of the bladder mechanoreeeptors. 

Weak stimulation of bladder mechanoreceptors gives rise to insignificant afferent impulses in the pelvic 
nerve. Reaching the centers, they elicit  a state of excitation if the state of the centers is judged by the efferent 
impulses in the pudendal nerve, flaee the latter are increased. It must be supposed that this reflex underlies the 
mechanism ofbIadder filling up to a definite volume. This volume varies not only in different animals but 
also in one and the same animal depending on the functional state of the central nervous system [2. 3, 9, 11]. 
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l ac tea l s |  sttmu|atlon of the bladder n~chanoreeeptors ]cads to dg  appearance of Intensive afferent 
activity In the pclvlc nerve which alto finds its way to the centers. In tills c a ~  tills ac.tiv|ty cvl~cntly lead! 
to the development of inhibition, since effetcnt ilupulscs In tile latdcndal nerve become markedly weaker ot 
ccasc altogether, Dllatatton of the urethra follows cessation of effcrent activity In dm pudendal nerve supplying 
the ttrefltral muJculattlre. It Is tl~I~ reflex w)ttch makes reflex emptying of  tim bladder possible. Tile role of 
this reflex in m|cturltlon h~  been snldicd pt'uvioufly [6. 7. 8. 101.. 

Both dtetc reflexes fit Into dm framework of "direct" reflexes. Further increase in file strength of stimulation 
of the bladder mechanoreccptors In the present experiments gave rise to changes in blood ptesm~ In addition to 
complete Lqhibltion of efferent Impulses ,and relaxation of  urethral tonut. 

Consequently, both thcso =direct" reflcxos arc at tim basis of mlcturltlon. Until the intcndvcncst of 
| tupelos  In the afG~rcnt fibers rcachcs a dcflnitc st~ngth, cffcrcnt impulses maintain tlm urethra in a state of 
active contraction. OnIy on further Increasing the strength of stimulation does Inhibition of efferent Impulses 
occur. This Inhibition, as already mtggestcd, occurs as a consequence of inhibition of relevant eentcrg 

On still further increase of sthnulatlon inhibition In the '~centcrs" of the =direct '= reflex becomes nii l  
more profound and a "conjugated = reflex appc~s - a rise In blood pressure, Le., excitation spreads to other 

centers. 

These data confirm the presence of lower thresholds for "direct" reflexes as established by V. M. 
Khayutin [6], as well at tha gencral t]~sI$ conccmin 8 "direct = and ~'co~ug3ted" reflexes proposed by V. 14. 

Chcrnlgovsky [4, 5]. 

SU M M ARY 

Afferent tmpulsation in the l~rlphcral end of a pclvlc nerve branch and etTercnt lmpulsation to the 
urethra In the central end of  the lyadendal nerve have bcen recorded In the course of sheet experiments on 
eats. Pressure In the urinary bladder, blood pres~rc and contractions of the urethra have been tlmultaaeo~sly 
registered. Slight distention of the urinary bladder to 10-20 mm Hg by inflation of  2-10 cc of air caused 
insignificant afferent lmpulsatlon in the g, clvlc .-,crve, Increased the frequency and amplitude of efferent 
impulsation In the pudendal nerve, a n d s  rise of the tonut and contractivity of the urethra. Distention of the 
urinary bladder to 20-30 mrn Hg by inflation of  10-20 cc  of air intensified sift.rent lmpulsation in the pelvic 
nerve, lowered efferent impulsation in tim pudendal nerve down to complete ceuation and relaxation of the 
urethra. Excitation of  Intermediate degree led to rhythmic bursts and dep~raion, lil~ewite to alternating 
contraction and relaxation of  the urethra. The same three phases have been noted during natural urination. 
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