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Reflexes arising on stimulation of various interoceptive areas have been well studied but there are still no complete
data on procusses occurring i varicus liksapfthe intcrocepuve reflex arc during the appearance and development
of an Interoceptive reflex,

In order to study the processes which take place in the Interoceptive reflex arc the reflexes associated with
stimulation of the bladder mechancreceptors were selected in the present work, Physiologic investigations and
clinical data provide evidence of complex reflex connections between the organs of the excretory system in the
first place, Thus, Barrington [1, 8] descrived a serics of reflexes appearing In cats diring the act of micrurition;
reflex contraciion of the bladder associated with the passage of fluid through the vretira; reflex rejaxation of
the urcthra during the passage of flnid through It; reflex relaxation of the urethra accoinpanying disteatlor of
the bladder mnusculature,

Other anthors studied action potentials in afferent and efferent fibers of che bladder {10, 12},

It was shown that depending on the functional state of the centrol nervous systemn micturition can sccur at
different degrees of filling of the bladder {2, 3, 3, 11},

N. A, Adamovich {1], who studied afferent Impuises in the branches of the pelvic ncrve which innervates
tho bladder noted that the intensivencss of efferent activity in the pelvic nerve depended not only on the inten-
sivencss of afferent zctivity from the bladder but alsc on the state of the centzal nervous system,  When the
excitability of the centers had been artificially increased by saychnine the efferent activity in the pelvic nerve
was considerably enhanced and could even be obscrved when the bladder was cinpty.

Stimulation of the bladder mechanoreceptors leads not only to reflex contraction of its musculature and
to reflex changes tn the tonus of the urcthra but also produces reflex changes in other systems of the organism.
Changes In blood pressure, respiration, activity of smooth and skeleral muscle etc, may occur during stimulation
of the bladder mechanoreceptors. Some time ago V. N, Chemigovsky [4, 5] had suggested that two types of
interoceptive reflexes be recognized — "dircct™ and "conjugated ®, The former are reflexes directly connected
with a given physiologic systemn and discharged wirhin its Hinits, mediating a definite group of reflexes ®serving®
the given system. The latter, also arising from the given interoceptive arca, are discharged outside the glven
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phystologic system and involve in the reaction physiologic systems which are not dircctly connected with the
first onc in a functional scnsc,

Subsuquently V. M. Khayutin [6) established that *dircct® reflexes ( from the bladder mechanotreceptors
to urethral tonus) had a 2«7 thnes lower threshold than the "conjugated® reflexces (from the bladder mechano=
receptors to blood pressure and respiration) and were much less subject to wdaptation on prolonged stimulation
of the bladder mechanoreceptors, Reflexes described by Barrington should be regarded as "direct™,

In ihe present communication data aro presented concerning the clectrophysiologic characteristics of
®dircet” reflexes primarily (the clectrophysiologic analysis of ®conjugated® reflexes will form the substance of
further communications),

METHODS

Experiments were performed on cats, Intravenous urcthanc anesthesia was used, In order to stimulate the
bladder mechanoreceptors it was filled with physiologic solurion or with air, A cannula was introduced Into the
bladder through the arcthra; the cannula was connccted by a three-way tap with a system of vessols used for
inflation and with a mercury manometer which registered pressurc within the bladder, The tonus snd contractions
of the urcthra were recorded by the method described by V. M. Khayutin {6}, In these experiments carotid artery
blood pressure was also rexorded (mercury manometer),

Simultaneously with the recording of blood pressure and urethral tonus a record was taken of the electric
potentials in the peripheral end of a branch of the pelvic nerve leading to the bladder (afferent impulses frova
bladder receptors) and in the central end of the pudendal nerve (efferent impulses to the urcthra),

Nerve action potentiais weze led off by means of platinum electrodes with an Interelectrode  distance of
4-5 mm; a two-channel cathode oscillograph ®*0B-2* and amplifier were used, The frequency characteristic of
the amplifier was lincar within the range of 10-500 cps.

RESULTS

Recording of action potentials from the periphieral end of the pelvic nerve (afferent impulses from the
bladder) when the bladder was empty showed that electric activity was absent from the perve, which is in accor-
dance with the data of other authors, At the same time continuous impulses were observed in the central end of
the pudendal nerve; these impulses increased somewhat when physiologic solution was allowed to flow through
the urethra, Introduction of from 2 to 10 cc  of air (different quantities in different experiinents) into the bladder
gave rise to considerable increase of afferent impulses ir the pelvic nerve. The central reaction in response to
this stimulation was an increase in the frequency and amplitude of efferent impulses in the pudendal nerve. The
latent period of the change in efferent impulscs following the beginning of stimulation of the bladder mechano-
receptors was from 2 to 7 scconds, There was simultaneous increase in the tonus and contraction of the urcthra
(Fig. 1).

Thus the first reflex which appears on weak stimulation of the bladder mechanoreceptors is an increase in
the tonus of the urethra,
Therz are no changes in blood pressure.,

 Increasing the intensity of stimulation of the bladder mechanoreceptors (introduction of 10-20 ¢ of air
into the bladder) caused strong afferent activity in the pelvic nerve,

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

On further increasing  bladder stimulation cfferent impulses i the pud»cndaf ncrve ceased altogether,
The latent period for changs in efferent activity remained the same, During this time decrease of urcthral tonus,
L,e., its relaxation, was observed (Fig. 2). No changes in blood pressure occurred with this strength of stimulation,

Only on still further increase in the strength of stimulation did a rise in blood pressure take place togethes
with complete depression of efferent impulses and relaxatien of the urethra, ie,, the reflex influcnces spread
not only to the system directly related to the performance of the given function, but also fnvolved a system
further removed in a functional scnse,
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Fig. 1, Reflex changes in urethral tonus and afferent and efferent impulses on
weak stimulation of the bladder mechanoreceptors,

a) Initial efferent impulses in the pudendal nerve with a rhythm of 60 persecond,
Afferent impulses in the pelvic nerve are abseat {before stimulation); b) 9 cc of
afr introduced into the bladder; efferent impulses in the pudendal nerve with a
rhythun of 100 per second, Afferent impulses in the pelvic nerve represented on the
oscillogram by several impulses; c) the same 5 minutes after withdrawal of air
from the bladder; efferent impulses in the pudendal nerve with a thythm of 70 per
sccond; afferent impulses in the pelvic nerve absent. Records from above down:
acion potentials of the central end of the pudendal nerve; action potentials of the
central end of the pelvic nerve; time marker (0,25 seconds),
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Fig. 2, Reflex changes of urcthral tonus and of 2fferent and efferent impulses

on stronger stimulation of the bladder mechanoreceptors,

a) Initiai efferent impulses in the pudendal nerve with a rhythm of 70 per second.
‘Afferent impulses in the pelvic nerve absent (before stimulation); by 11 cc air
introduced into the bladder; effereat {mpulses in the pudendal nerve at 32 per
second; appearance of considerable afferent activity in the pelvic nerve; ¢) the
same 5 minutes after withdrawal of air from the bladder; effcrent impulses in the
pudendal nerve with a rhythm of 55 per second; afferent impulses in the pelvic
nerve absent, "Records the same as in Fig. 1,

Tn order to trace the part played in natural micturition by those reflex relations between the bladder and
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the urethra which were observed in the present work with varlous degrees of filling of the bladder, special exp-
eriments were performed in which the abdominal cavity was opened with great care, In those cases in which
the bladder proved to be filled with urine afferent tmpulses were recorded from the pelvic nerve and efferent
impulses from the pudendal nerve.
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Fig. 3. Reflex effects from the bladder on wethral tonus; efferent and
afferent impulses during natural micuurition,

a) Bladder is filled with urine, but is relaxed; strong efferent activity is

seen in the pudendal nerve and weak afferent activity in the pelvic nerve;

b) contraction of the bladder during micturition; sharp lowering of efferent
activity in the pudendal nerve; intensive afferent activity in the pelvic nerve;
¢} the same after emptying of the bladder; efferent impulses in the pudendal
nerve present but considerably weaker than with full bladder; afferent imp-
ulses in the pelvic nerve practically absent; records the same as in Fig. 1.

Figure 3,a showsthat if the bladder is filled but relaxed low frequency afferent activity occurs in the pelvic
nerve, At the same time strong efferent impulses to the urethral musculature is observed in the pudendal nerve
and it is evidently these impulses that maintain the vrethra in the contracted state, thus preventing the escape
of urine from the bladder, Further filling of the bladder is thus possible,

However, when the bladder reaches certain dimensions its contraction begins. As can be seen from Fig,
3, b, contraction of the bladder gives rise to considerable afferent activity in the pelvic nerve under the in-
fluence of which a sharp decrease in the efferent activity with respect to uretralmusculatre and its relaxation
occur, This mechanism ensures emptying of the bladder, Following evacuation of the bladder (Fig. 3, c)
efferent impulses to urethral musculature are decreased considerably as compared to impulses seen when the
" bladder is full (Fig. 3, a).

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

DISCUSSION

The results obtained show thit two opposite reactions of the urethra can be obtained on simultaneous
recording of afferent impulses from the bladder and efferent impulses to the urethral musculatwre, as well as
of urethral tonus and blood pressure, depending on the strength of stimulation of the bladder mechanoreceptors,

Weak stimulation of bladder mechanoreceptors gives rise to insignificant afferent impulses in the pelvic
nerve. Reaching the centers, they elicit a state of excitaticn if the state of the centers is judged by the efferent
impulses In the pudendal nerve, since the latter are increased, It must be supposed that this reflex underlies the
mechanism ofbladder 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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TIncreased sthinulatton of the bladder mechanoreceptors Teads to the appearance of intensive afferent
activity in the pelvic norve which alro finds fts way to the conters, In this case this activity cvidently deads
to the development of inhibition, since cffeiear fipulses in the pudendal nerve become markedly weaker or
ccase altagethcr, Dilatatton of the urcthra follows ccssatfon of efferent actlvity In tic pudendal nerve supplying
the urcthral musculature, It is this roflox which makes reflex cmptying of the bladder possible, The role of
this reflex fn micturition has been studicd previously [8, 7, 8, 10).

Both these reflexes fit fnto the framcework of *dircct® refloxes, Further increase In the strength of stimulation
of the bladder mechanorceeptors in the present experiments gave rise to changes in blood pressure in addition to
complete inhibition of cfferent impulscs and relaxation of urcthral tonus,

Consequently, both these "dircct” reflcxes arc at the basis of micturition, Until the intensivencss of
fmpulscs in the afferent fibers reaches a definite swrength, efferent impulses maintain the urcthra in a state of
active contraction, Only on further Increasing the strength of stimulation does inhibition of effcrent impulses
occur, This inhibition, as alrcady suggested, occurs as a consequence of inhibition of relevant centers,

On still further increase of sthimulation inhibition in the “centen® of the *direct® reflex becomes still
morc profound and a "conjugatcd® reflcx appears — a rise in blood pressurc, Le., cxcitation spreads to other
ccnters,

Thesc data confirm the presence of lower thresholds for "direct® reflexcs as established by V. M.
Khayntin {6], as well as the gencral thesis concerning "direct™ and “conjugated® reflexes proposed by V. N,
Chcrnigovsky [4, 5).

SUMMARY

Affcrent impulsation in the peripheral end of a pelvic nerve branch and efferent impulsation to the
urethra In the central end of the pudendal nerve have been recorded in the course of short experiments oa
cats, Pressure in the urinary bladder, blood pressurc and coiitractions of the urcthra have been simultaneously
registered, Slight distention of the urinary bladder to 10-20 mm Hg by inflation of 2-10 cc of air caused
insignificant affcrent impulsation in the pelvic nerve, increased the frequency and amplitude of efferent
impulsation In the pudendal nerve, and a risc of the tonus and contractivity of the urethra, Distention of the
urinary bladder t0.20-30 mm Hg by inflation of 10-20 cc  of air intensified afferent Impulsation in the pelvic
ncrve, lowered efferent impulsation in the pudendal nerve down to complete cessation and relaxation of the
urcthra. Excitation of intermediate degrec led to rhythmic bursts and depression, likewise to alternating
contraction and relaxation of the urethra, The same three phases have been noted during natural urination,
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