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Introductory Remarks

As mentioned in the Administrative Report Ho. 1 (October 15, 1962),
some changes in the personnel have taken place during the contract period.
These changes have necessitated some changes in the research programme:

{(a) Dr. Y. Leyning left Oslo in Junc 1962 because he obtained a
Research Fellowship at the Australian National University in Canberra
(Professor E.C. Eccles). As a consequence; the Research Project No. 1 in
the contract was replaced by a study of the "Cerebral control of the
motility of the urinary bladder" by Dr. R. Gjone and Dr. J. Setekleiv
(cf. below)e This study represents a part of our studies on the functional
significance of limbic and related structures.

(b)‘ Dr. J. Jansen, who had planned to continue his studies on the
afferent projections fo the cerebellar cortex (Research Project No. 2 in
the Contract), found it necessary to combine this study with experiments
on muscle proprioceptors, as explained below. During the spring of 1962
Dr. Jansen was busy building up a new laboratory unit for continuing this
work on muscle spindles which he had started while staying in Oxford as a
Rockefeller Fellow in 19A0-6l., Support for equipment was given by the
University of Oslo and the Norwegian Research Council. The laboratory
unit was completed in the summer of 1942.

The Research Projects Nos. 3 and 4 have bevn carried out according

to the original plans.

(1) Cerebral control of the motility of the urinary bladder (Dr. R. Gjone

and Dr. J. Setekleiv).

The role of limbic and cerebral cortical sreas in the regulation
of the bladder motility and the micturition reflex has been studied.
OQur knowledge is in particular insufficient concerning the inhibitory
control exerted by ihese areas. Such a study necessitates a background

activity which is best achieved by the method of 'direct cystometry'.
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This method allows a continuous recording of the intravesical pressure
during controlled volume variations. At the same time it reflects the
bladder tension in natural micturition.

The entire cerebral cortex has been mapped for excitatory and
inhibitory effects. Excitatory bladder rcsponses were obtained from
the sensory-motor cortex I and IT, and from the supracallosal part of
the cingulate region. Inhibitory effects were produced from the
somatic sensory~m‘§tor cortex I and IT and from the subcallosal part
of the anterior cingulate region and the orbital gyrus. The study has
been completed and represents the most comprehensive investigation in
this field ever published. Twenty-~five copies of the final paper is
enclosed (Excitatery and inhibitory bladder responses to stimulation

of the cerebral cortex in the cat. Acta vhysiol. scand., to be

submitted for publication). A preliminary report will be given at

the XTI Scandinavian Physiological Congress in Copenhagen, August 1963.

Afferent projections to the cercbellar cortex (Dr. J. Jansen Jr.). See

above for changes in the experimental plans.

A large body of evidence indicates that the cerebellum is largely
concerned with the control of movement. In order to proceed with the
analysis of cerebellar functions it was considered necessary to acquire
a better understanding of the more basic spinal mechanisms on which the
cerebellun undoubtedly plays. This point of view has been particularly
emphasized by the demonsiration of two different kinds of efferent
nerve fibres to the intrafusal muscle fibres of the spindles and the
independent control of the dynamic and static sensitivity of the
primary receptors of the spindles (see Jansen & Matthews, 1962).

These considerations form the basis of the experiments which are
carried out in the laboratory. The experiments are performed on
decerebrate cats. The behaviour of single primary receptors in flexor

and extensor muscles to defined mechanical stimuli are compared under
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various conditions of reflex drive. The observations allow n estimate
to be made of the interplay between nuclear bag and nuclear chain
fusimotor activity in various spinal reflex patterns. So far, it
appears that flexor spindles in decerebrate cats reccive very little
maintained fusimotor activity whereas the corresponding;systems to
extensor spindles are extremely active in the same preparations. This
applies to fusimotor activity to nuclear bag as well as nuclear chain
fibres. TFurthermore, it appears that the flexor fusimotor systems are
surprisingly inaccessible to activation by spinal reflex mechanisms.
Thus, for instance a crossed extensor reflex is accompanied by a
considerable activation of the extensor fusimotor apparatus. In flexor
spindles, on the other hand, only very modest changes are observed
during flexor reflexes. Several hypothesis can be put forward to
explain this difference between extensor and flexor fusimotor
activation, and these are at present being tested by experiments. The
observations provide additional information about the.spinal control
of movement and will in addition be a useful basis for investigations
on the cerebellar influences in this field.

A preliminary report of the results so far obtained will be
presented at the XI. Scandinavian Congress of Physiology in Copenhagen

in August 1963.

Search for brain structures of significance for maze learning, passive

and active avoidance learning (Drs. 0. Kveim, B.R. Kaada and

Je Setekleiv).

The experiments have been carried out according to the original
plans. The main purpose was to demonstrate more clearly that the
three types of learning mentioned in the heading depend upon the
integrity of different brain structures, as suggested by previous

findings in our laboratory. Maze learning and retention is interfered

"with by hippocampal lesions; passive avoidance is defective after
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removal of areas known to exert a more or less gencralized inhibditory
influence on somatomotor and various autonomic responses "(subcallosal
cortex, preoptic area, antcrior hypothalamus, orbito-~insulo-temporal
corte}c); active avoidance is reduced by ablation of brain areas
facilitating somatomotor and autonomic responses (supracallosal.
cingnlate cortex, peri of amygdala )

Electrolytic lesions have been performed in the inkerpeduncular
region and in the brain stem reticular formation, two other regions
known to cxert strong facilitetory effects on somatomotor activities.
In the first group of rats the lcoions werc made relatively large.
Unfortunately this resulted in a relatively high mortality, and in the
subsequent groups of animals the lesions wer: made smaller. The
operatud rats have been trained in a modified Hebb-Yilliam maze, in
a passive avoldance situation, and for active avoidance using a
modified shuttle hox constructed and standardized in our Laboratory.
It takes several months to perform these tests for each group of
animals.,

All groups o_f operated and normal control animals have been tested
and most histological scctions from the operated rats have been
examined. The sections of the last group of animals are at present
being prepared. The final analysis of the data therefore must await

the results of thc complete and detailed histological study.

Cerebral influence on uterine motility (Dr. T. Setekleiv).

As part of our studies on the functional significance of limbic
and related structures, the effects of electrical stimulation of these
areas on the nterine motility of the oestrogenized rabbit have been
investigated

It was fouid necessary first to develop a reliable recording
technique and to wmalyse the uterine response to distension, to

hypogastric and sylanchnic nerve stimulation,and to reflex excitation
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and inhibition. The results of these studies will be published in the

following five papers which will all appear in the Acta physiologica

scandinavica. A final publication will deal with the influence of
various brain sreas on the uterine motility. These papers will form
the main topic of Dr. Setckleiv's postdoctorial thesis:

Uterine motility of the oestrogenized rabbit.

I. Isotonic and isomctric recording of the contractions in vivo.
II. Response to distension.

IIT. Further analysis of the response to distension.

IV. Response to hypogastric and splanchnic nerve stimulation.

Ve Reflex excitation and inhibition.

Ad. I. Isotonic and isometric recording of the contractions in

vivo. - A technique for isotonic and isometric recording of the
uterine contractions in vivo has been developed. These two types of
recording techniques could be employed simultaneously and separately
in the two horne of the uterus (twin uterus preparation). The
myometrium was stimulat.d by increasing doscs of noradrenaline and
oxytocin, or by clectricnl stimulation of the hypogastric nerve at
increasing strengths. The isotonic responsc soon reached a maximum,
whereas the isometric response revealed a grodual increase. Thus, the

isotonic response can be maximal at submaximal stimulation and is a

less reliable guantitative measure of the strength of contraction.

4d. II. Respouse to distcrsion. - The oestrogenized rabbit
uterus was distended either by increase in the intrauterine pressure
(isotonic recording) or by incresse in the intrauterine volume
(isometric recording). The hehaviour of the uterus in response to
distention has been descrited as the response of a stretch receptor ~
myo-effector system-

The effect of the stimulus (distention) on the stretch receptor is

modified by a time-dependent viscous element.
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The discharge of the stretch receptor plays on two different
myometrial responses: (i) an initial contraction - the stretch
response, and (ii) rhythmic contractions. The former responds to
changes in distention (ithe dynamic rcsponsc), the latter to sustained
distention (the static response). The characteristics of the stretch
response to various degrees of rapid distention, and to repctitive
distention, have been described. Also, the e¢ffect of increase in
intrauterine pressure and volume on the rhythmic activity has been
analysed.

Repetitive distention produced potentiation of the myometrial
response and from the rhythmic varistions of the stretch response the
latter responsce wvas found to be an indicator of the myometrial
excitability.

Adaptation of the stretch receptor is brought about by reduction

of the intrauterine pressure which diminish the pacemaker activity.

mechanisms underlying the myomcirial response to distention, the
stretch response, and the change in rhythmic activity bas been further
analysed.

Changes in rhythmic activity were obtained indspendently in the
two uterine horns (with or without spinal anesthesia). These results
indicate that the rhythmic activity is independent on hormonal agents
and spinal reflexes. - In order to determine whether the stretch
response is initiated by local reflexes with release of a transmitter
substance or by a myogenic mechanism, the influence of autonomic
blocking agents and local anesthesia were studied. The experiments
indicate a myogenic origin of the response.

Based on the results of the influence of various drugs, the
following aspects of myometrial activity are discussed: (i) the

possibility of different mechanisms in the initiation of the rhythmic
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activity and the stretch response, (ii) the mechanisms of the increased
minimum pressure, and (iii) the different influence on the contractile

property of the myometrium hy the nervous transmiiters.

Ad. IV. Rcsponse to hypogastric and splanchnic nerve

stimulation. - Electrical stimulation of the hypogastric nerve
elicits a contraction of' the uterus which is followcd by a period
when the rhythmic ac{ivity is diminished or complete abolished.

The respons.. to hypogastric nerve stimulation varies with the
frequency of stimulntion. After short-lasting stimulation, maximal
contractions were obtaincd at frequencice between 30 and 50 cps. With
long-lasting stimulation low freguencics (5-10 cps) elicited a scries
of contractions. Prequencies above 10 cps in addition elevated the
minimum pressure. The mechanism underlying the increase in minimum
pressure has been discussed. The elevated minimum pressure wa2s not
maintained during continnous stimulatinon. Following factors have been
discussed as the crusc of this decrease: (i) change in transmitter
output, (ii) influcncoe of the transmitter on the membrane z2ctivity or
the cell metaboliem, and (iii) mechanical change duc to the contractile
or prssive properties of the myometrium.

The most "economic” frequency, or the best utilization per
gtimulus, in the production of contractions was found to be about 10
cps, as indicated by & moximal contraction to a constant number of
impulses. This response has been discusscd in the light of what is
known zbout facilitetion of junction potentials.

Evidence for cholicrgic fibres in the hypogastric nerve was not
obtained. The dcpressive effect of atropine mey be due to influence
on the myometrium and the effect of neostigmine to "overflow" of
acetylcholinc. The failure of cocaine to potentiate the uterine
response when administrated i.v. is explained by the liberation of
adrenaline. Potentintion was obtained by intra-uferine application

of cocaine.
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The responsc to splanchnic nerve stimulation differed from the
response to hypogasiric ncrve stimulation by a longer latency and by

a more gradual onset consisbing of several increasing contractions.

A4 V. Reflex cxcitation and irhibition, - the myometriun
has been found to respond uith contractions to mechanical stimulation
of the rectum and to verious stimuli which activate the sympatico-adrenal
system {stimulation of the cratral cut end of peripheral nerves,
.occlusion of both cerotides and ~sphyxia). Such activation occurs
also during the lov blood pressure caused by stimulation of the
peripheral end of the vagus nerve.

Reflex inhibition of the myometrium has not previously been

reported. In thc present investigation inhibition of the rhythmic

activity was obtained after depressor ncrve stimulation. The pathways

for the responses has been detcrmined.

Reprints of all papers resulting from this research
progremme will be forverded to the EC.O0AR as soon as they

appear in the journals.
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Abstract

A continuous intravesical pressure recording was established in 22
anestbetdzzgﬁﬁy operative canalization of the bladder cavity, leaving the
urinary outlet intact. The intravesical pressure variations caused by
controlled volume changes were studied, and the alterations in bladder
activity in response to stimulation of the.e;rebral cortex were recorded.
The following excitatory bladder reactions on eortical stimulation are
described: augmentation of the rhythmic contractions, dropwis expulsion
of the bladder contents with incomplete emptying of the vesical cavity and,
finally, a normal micturition act vith forceful detrusor contractions.
With regard to inhibitory effects the following responses were obtained:
reduction or complete inhibition of the rhythmic bladder activity, arrest
of the urination act or suppressed micturition.

In agreement with previous investigations excitatory bvladder
responses were obtained from the first sensory-motor area and from the
anterior cingulate region. In addition; excitatory effects were elicited
by stimulation of the anterior ectosylvian and anterior sylvian gyri (the
somatic sensory-motor area IT).

Previous observations of inhibitory influence on bladder
activity from the first sensory-motor area were confirmed. In addition,
inhibitory effects were produced from the somatic sensory-motor area II,
the subcallosal part of the anterior cingulate region and the orbital

gyrus. All the various types of bladder reactions described above were

obtained from any of these regions.
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Introduction

The influence of the cerebral cortex on the activity of the urinary
bladder has been the subject of only a few systematic experimental studies.
In particular, very little is known about inhibition (arrest of micturition
and relaxation of the bladder) in response to cortical stimulation. The
main purpose of this study was to localize the cortical areas influencing
bladder motility both with regard to excitation and, in particular,
inhibition.

The first evidence of cortical excitatory influence on the bladder
contractions in the curarized dog on faradization of the cortex
surrounding the cruciate sulcus. This observation was confirmed, in
experiments on cats and dogs, by Bechterew and Mislawsky (1888). These
workers recorded intravesical pressure elevation in response to
stimulation of the medial part of the posterior sigmoid gyrus in the

curarized animal. Similar effects from the sensory-motor cortex were

of the same cortical region in cats, dogs and monkeys.
During the past two decades systematic studies have also revealed

excitatory bladder responses from the posterior orbital region in dogs

dogs and monkeys.
Inhibitory bladder responses, recorded by a fall of the intravesical

pressure, have been elicited from the sensory-motor cortex (Hunsicker and
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bladder has been observed by stimulation of the posterior cingulate and

In the experimentel studies referred to above, the excitatory and
inhibitory bladder responses were recorded as alterations in the
intravesical pressure either by the use of a urethral catheter, or by
operative canalization of the bladder cavity through a cystostomy. When
the latter procedure was employed, the neck of the bladder was ligated to
provide a closed cavity, from vhich no leakage could then occur during the
intravesical pressure recording. In both cases the micturition reflex was
abolished by the suspension of the sphincter mechanism.

In order to gain further knowledge about cortical regulation of
bladder activity it was considered essential to modify the recording
technique so as to include the dynamics of the micturition act, thus
facilitatiné?study of the way this act is influenced by cortical
stimulation. The experimental conditions required may be achieved by
1960). By this method the urinary outlet is left fully intact, the
intravesical pressure readings being obtained through a bladder puncture.
In the present experiments it was found more convenient to perform a
cystostomy, maintaining thec advantage of an undisturbed sphincter

mechanisme.

Material and Methods

A total of 22 cats of both sexes (veight 1.4-4.2 kg) were used.
The entire experimental procedure was carried out under general anesthesis,
usually by intraperitoneal administration of 1 per cent chloralose 2)
(40 mg/kg) and 25 per cent urethane (500 mg/kg). Two animals were given
paralyzing doses of succinylcholine, Curacit (R) Nyco2), (1 mg/kg) and
ventilated artificially with pure oxygen through a tracheostomy. In
these cases anhesthesia was induced by injections of chloralose alone,

using the regular dose. Three animals were given Nembutal (R) Abbott




(30 mg/kg)-

Cystostomy was performed through a midline abdominal incision and
a Nelaton catheter No. 12 was inserted into the fundus region and sutured
to the bladder wall. By means of a Statham pressure transducer connected
to a Grass polygraph (Model 5 C) with DC-amplifiers a continuous
intravesical pressurc recording was established. Blood pressure and
respiratory movements (represented by the excursions of the thoracic
wall) were reorded simultancously on the same polygraph in 9 and 6
animals, respeotively. In the first three experimentis the tladder
response was obtained by weans of the 'closed system method' using an
intravesical balloon, whereas all subsequent experimental data were based
upon the modification of the 'direct cystometry' men‘ioned above. By this
technique an isomelric recording of the intravesical pressure is obtained,
as long as no urination takes place. In addiiion, the pressure changes
during the voiding act are recorded. After replacing ihe urine by saline
solution at body temperature, the bladder volume conld be checked through
the 3-way tube connecting the catheter to the transducer.

The animal's head was fixed in a Horsley 8larke frame and a
craniotomy performed, the cerebral cortex being exposud to lthe extent
required. The cerebral cortex was stimulated by clectric square waves of
1 msec' duration and applied at different frequeﬁcies (1-100 cps) through
bipolar, silver-chloridcd, ball-tipped electrodss with an interelectrode
distance of about 2 mm., The stimulus strength necessary to elicit
bledder responses was 2-4 volts. In mapping the cortical surface
intensities of 5-7 volts were ordinarily used. Stimulation of the cerebral

cortex was not started until 3 hours after the induction of anesthesia.

Results

(A). Background activity

Rhythmic variations of the intravesical pressure were constantly
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recorded in the anesthetized animal. These pressurc changes, rcpresenting
detrusor contractions in response to distention of the bladder, were seen
not only during the standard chloralose-urethane anesthesia, but also

Fig. 1 when nembutal was used (Fig. 1). The frequency and zmplitude of the

detrusor contractions were increased by increasing distention of the
bladder until finally micturition occurred. The micturition threshold,
is.e., the degree of bladder filling necessary fo precipitate urination,
showed individual variations from 10 to 75 ml, and was regularly found to
be higher in the anesthctized male cats than in the females. The bladder
capacity secmed to bear no dofinite relationship to the body weight, but
was clearly dependent on the type of anesthesia. Thus the micturition
threshold was significantly bigher under nembutal as compared with
chloralose-urethane anesthesia. To demonstrate this phenomenon further,
20 mg nembutal/kg body woight was added, in one experiment, 1o the
standard dos« of chloralosc-urethane, 3 hours after the aduinistration of
the latter. The bladder capacity was raised thereby from 10 to 65 wl.
Under ordinary conditions this critical intravesical volume did not,
however, vary significantly in on¢ and the samc animal throughout the
experiment, not even during successive cystomctries performed by step-wise

Fig. 2 bladder filling at intervals of 3 to 5 minutes. As shown in Fig. 2 each
volume increment causcd & sharp pressure risec, followed by a slow return
to a stable tension lcvel. The latter represented a very slight elevation

of the intravesical pressure as compared with the preceding level.

(B). Bladder responses resulting from electrical stimulation of the

cercbral cortexa.

In the summary diagrams of the responsive cortical sreas (Fig. 8)
the stimulation effects.are referred to simply as excitatory ({*) or
inhibitory (). Tt should be emphasized, however; that the two symbols
represent diffeient types of bladder reaction. Thus an excitatory

response includes augmentation of the rhythmic detrusor contractions




Fig. 3

Pig. 4

Fig., 5

Fig. 7
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(Fig. 3A) as well as precipitation of a voiding act. The latter was
observed either ag an abortive type of micturition with drop-wise,
incomplé'be expulsion of the bladder contents (Fig. 3B) or as sustained
detrusor contractions with complete emptying of the vesical cavity (Fig. 3C
end ¥ig. 4). All of these excitatory responses occurrcd after a latency of
2-3 seconds, and the optimal effect ras reached at 2 stimulus frequency of
50 cps.

Tnhibitory stimulation effects were recorded as a diminution or
abolition of the rhythmic bladder activity (Fig. 5). arrest of micturition
(Fig. 6 and Fig. TB), or prevention of the onset of urination (Fig. 7C - D).
Arrest of micturition could b demonstrated irrespective of the urination
reflex wes initiated by cortical stimulation or resulted from bladder
distention. A latency of 2-% seconds was found also in all types of
inhibitory bladder responsc, this being recorded as = prompt and marked
reduction of the intravesical pressure. A drop of tension to below the
resting level (as recorded in the intervals between two successive,
spontanous detrusor contractions)was of ten encountered. On cessation of
stimulation a sharp pressure  rise was frequently observed with
restoration of the pre-ctimulation tension level. In some cases,
however, 2 post-stimilation inhibition of long duration (2-3 min) was
obtained.

Supression of the urination mechanism could be produced when
cortical stimulation was slarted prior to a rapid bladder filling beyond
the volume which would ordinarily release the micturition reflex in that
particular cxperiment. In Pig. 7C the stimulus was applied to an inhibitory
point of the cerebral cortex 15 seconds beforc the filling of the bladder.
A delsy of urination is shovm, lasting until cessation of the cortical
stimulation. As illustrated in Fig. 7D, the voiding act could also be
completely inhibited. Inhibitory bladder responses uere obtained by the
same stimulation parameters which gave optimal excitatory effects. They

were, however, elicited within a wider freguency limit, from 5 to 50 cps,
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being maximal between 20 and 50 cps.

During exploration of the responsive cortical regions the same type
of blaldder reaction could he rcadily snd repeatedly reproduced from cach
point of stimulstion. In the same animal opposite stimulation effects
were, however, regularly observed on shifting the gite of the electrodes.

The rhythmic hladder activity, ss well as any effect of cortical

stimulation, were depresscd by decpening the anesthesia.

The cortical origin of the rxcitatory rund inhibitory bladder responses

was demonstrated by the fret that local application of 1 per cent
lidocaine {Xylocain (&) Astra) to the cerebral cortex abolished the
effects, whereas the rhythmic sctivity of the bladder was not interfered

withe.

The genuinernsss of the bladder responses. One might queslion whether the

hydrostatic pressurce changes recorded from the vesical cavity did, in
fact, reflect exclusivcily variations in bladder activity. Several factors
vhich might be assumed to influence the dynamics of the bladder, have to
he considered:

Firstly, the possibility that the intravesical pressure changes are
secondary to alterations in respiratory movements is excluded by the
demonstration of thcir presence in the curarized and artificially
ventilated animal. As shown in Figs 4 and 6 the rhythmic detrusor
contractions were not altered by giving paralyzing doses of succinylcholine;
merked stimulation effects, cxcitatory (PFig. 4) as well as inhibitory
(Fig. 6), were readily clicited.

Secondly, contractions of the abdominal muscles may affect the
intra~abdominal pressure and lhereby might be assumed to influence the
bladder activity. Howcver, the presence of blsdder responses in fully
curarized animals slso proves them to be independent of this factor.
Further, definite hladder responses were frequently observed without any
visiblg movements of the abdominal wall.

The probability remains that alterations in gastrointestinal
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movemcnts may act dircceily upon the bladder wall and in +this way may
interfere with the stlimulation ¢ffects. This is strongly contradicted
by the fact that forceful, ilcus-lik. howel contractions (visible by
external abdominal inspection), resilting from stimulation of +the vagus
nerve, did not affect the iutrsvecical pressure, as recorded on the

nolygraph.

Localization of the responcive ‘cortical regions. The topographical

distribution of the corticsl points which have been stimulated in the
present experiments appcear on Fig. 8. No change in the bladder activity
resulted from stimulation of w.xtensive =rens on the lateral and medial
aspects of the hemispheres and the olfactory bulb. Most of the temporal
lobe, including the hippocampus, w=s noil cxplored. This will be den. 10
a subsequent study which also deals with the effects of stimulation of

the amygdaloid and periamygdnloid region. Significant stimulation effects

on the nladder activity wer. obtained from the following cortical regions:

1. The first somatic sensory-motor coriex.- This region was explored

in 12 animals in which a total of A0 stimulations were applied. 28
excitatory and 19 inhibitory responses wore obtained, whereas 13
stimulations produced no bladder response. Both types of bladder reaction
were cncountered in all the 12 cals, although at times excitatory or
inhibitory stimulation effects predominated. On the latersl aspect of
the hemisphere, the rcsponsive loci occupy the upper portion of the
pericruciate cortex, and the anterior ss well as the posterior sigmoid
gyri. The effeclive zone secms to include the region of the lower
extremities and trunk, whereas the region of the upper extremities and
the head is unrcsponsive. On the mediel aspect of the hemisphere,
excitatory effects werce mainly obtained from the anterior sigmoid gyrus,
whereas inhibitory reactions prcdominated when stimulating the posterior

sigmoid gyrus.




2. The anterior cctosylvian and snterior sylvian gyri, corresponding to the

somatic seusory~ motor arva IT as outlined by Woolsey et al. (1958,

1959).~ This region, like the pericruciate coriox, yiclded both types of
bladder responsc. However, in 2 of the 5 animals, in which this cortical
region was explored, inhibitory effects only were rccorded. Excitatory

as well ss inhibitory responses were produccd in the rcmaining % cats. As a
whole . the stimulation effccts were not as rendily obteined from this

area as from the first somaiic sensory-motor cortex. They seemed to

depend more on the animol being in good condition and a relatively light

anesthesia.

%, The anterior cingulste cortex (Fig. 8B).- The different character of

the bladder responsc allows a clear subdivision of this area into two
zoncs, one lying suveriorly and bhordering the genus of the corpus callosum,
the other lying inferiorly in the subcallosal part of the cingulate gyrus.
Stimulation of the cuprnenlliosal and pregeniculate cortex was performed in
8 animals, condistently reoulting in hladder excitation. In 4 of the same
cats the subcallosal part of the antrrior cingulate region was exposed.

All of them responded to siiunlation of subcallosal points, giving

inhibitory bhladder offccts cxclusively.

4. The orbital gyrus (Fig. 8A).- The bladder rcactions produced by

stimulation of thic region were consistently of the inhibitory type.
Such effects were obiainct in 7 animals, in vhich a total of 28 stimuli
vere applied. Four of theto stimulations caused no change in the bladder

activity, wherees inbibition occurred 24 times.

(C). Concomitant changcs in blood pressure and respiratory movements.

1951, 1960, Uynds 1960 anu Lefving 1961) .alterations in
blood pressure and reepiratory movements were recorded by stimulation of
all the cortical regions found to yicld hladder responsese.

Effects on blood pregsure.- The pressure altorations, as recorded




Trom the femoral artery, were in general olight and inconstant. This fact
may probably be related to the type ~nd depth of anesthesia used in the
present study. No definite correlation was shown to exist between the
direction of the preaessure alteration in the femoral artery and in the
vesical cavity. The disgrams in Figs. 5 and 6 serve to illustrate this
independence by showing two cases of bladder inhibhition, one being
accompanicd by a blood pressurs fall nnd the other by o slight elevation.

Ificcts on respiratory wmovements.- In general the ruspirateory

responses werce the seme 28 those reported previously. As a rule these

gtimulation effects wore wore uwark.d and more readily obtained than the
Elood pregssure cheng o. The rmost striking influence on the respiratory
movements was c¢licitad from the orhital sond anterior cingulate regions,

from which an initinl complete arrest in expiration was produced (Fig. 34),

TEUELLY followed by a period of lowered respiratory frequency. The somatic
sengory-~mnotor arces T and IT yielded wesker respiratory responses, but
acc . leration as well as slowing of the respiratory rate were frequently

obsexrved.

Digcusrion

The pres.cnt cxperiments Jemonstrete that during chloralose-urethane
or nembutal anesthosia rhythmic bladder confractions can be recorded in
the cat. The froquoney rnd amplitude of the contractions are augmented
by increasing blsddcr distention, which finally results in uvrination.

Previous corticel stimulation experiments heve chicfly been
concerned with the influence on the rhythmic blsdder activity. The
recording technique used in *the present investigation allows in addition
a comparison of the influence on the rhythmic detrusor contractions and
the micturition reflex. All the responsive areas vere shoﬁn to produce
either of these ¢ffects, hoth as regrrds excitation and inhibition.

However, the latter was often significant only when demonstrated by the
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interruption of micturition.

The following excitatory stimulation effects have been demonstrated:
(i) augmentation of the rhythmic detrusor activity, (ii) the initiation of
repuelitive and strong contraciims resulting in dribbling.
urination, and finally (iii) a sustained detrusor activity representing
the normal micturition act with full e-.ptying of the bladder. The present
investigation confirme the carlier experimental evidence of an excitatory
influence on the bladder activity from the first somatic sensory-motor
cortex and the supracallosnl psrt of the anterior cingulate region. In
uddition, excitatory (as wcll as inhibitory) bladder responses have been
¢licited from the anicrior cctosylvian and anterior sylvian gyri,
corresponding to th. sowmlic sensory-uotor srea II, as delineated by
foolsey ¢t 2l. (1955, 1959). Thiz is, to the authors knowledge, the
first demonstration ol ~n subonouic resgponse to stimulastion of this area.

Excitatory ciimulniion effects were not obtained from the posterior
cingulate gyrus, =as nr.viously obsecrved in the dog (Kremer 1947) and cat

(ﬁgggg@gg 1948). Hourwver, 1in the present study this region was stimulated

under relatively docn anesiiesing, which mey nossibly account for the

Tailure to produc. v aclh « fecis.

by corticel stimulation of th. first somatic sensory-motor cortex. Further,
bladdér inhibition was, in the present study, elicitcd also from the
somatic sensory-motor arcs I1, frow the subcallosal part of the anterior
cingulate gyrus, and {rom the orbital region, The tuo latter regions
yielded inhibitory responscs exclusively, and the effccts were strong and
readily obtained, especially as far ag the influence on the micturition

act was concerned. Thus, within the anterior cihgulate area there appear

to be two distincl zones, onc exerting an excitatory and one an inbibitory

influence on the bladder activity. A similar differentiation has been
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activities and pertly on respiration and blood pressure. Furthér, it is
of considerable intercst that, in the cat, bilateral oblation of the same

"two zoncs results in different behavioral manifestations (McCleary 1960,

Kaada, Kveim and Rasmugsen 19¢2)., In contradiction to the results of the

effects on the bladder activity by stimulation of ibe orbital gyrus.

This discrepancy may bc dur to differences in the experimental techniques.
The latter investigators recorded the intravecical pressure either by the
use of an intravesical balloon or b&nésfablishing 2 closcd cavity by

meuins of o cathetsr, Thue the c¢ffect on ine micturition act, which

appears to be of special iwmportance in studies of the inhibitory influence,
could not he observed. Bladder inbibition was also wroduced by stimulation
of the pyriform cortcx througn needle clectrodes. Such stimulation was
carried out in two znimals iu addilion to the usual experimental procedure
(Fig. 5).

The short latoncy of the. bladder rcsponses proves that they are
medinted by nervous activity shd not through o humoral mechanism. The
cortical origin of the cffects iz demonstrated by their disappearance on
surface anesthesia of the rcsponsive cortical locus. A study of the
pathways mediating ihne impulses from the responsive cortical regions

will be dealt with in a subeequent communication.

References
BECHTEREW, V. and N. MISLAWSKY, Die Hirncentra fiir die Bewegung der
Harnblase. Neurol Ch}: 1868, 18. 505-509.
BOCHEFONTAINE, L. T., Ktude expérimentale de 1'influence exercée par la
faradisation de 1l'édcorce grise du cerveau sur guelques fonctions de la

vie organique. Arch. Physiol. norm. path. 1876. 8 (sér. 2). 140-172.

CROUCH, R.L. and J.K. THOMPSON, Autonomic functions of the cerebral

cortex. J. nerv. ment. Dis. 19%39. 89. 328-334.




- 13 -
FRANKL-HOCHWART, L. ¥on and A« FROLICH, Ueber die corticale Innervation
der Harnblase., Neurol, Zbl. 1904. 23. 646-655.

HENNEMAN, E., The central control of the bladder. Trans. Amer. neurol. Ass.

1948. 73. 150-153.
HUNSICKER, W.Co Jr. and E.A. SPIEGEL, Conduction of cortical impulses to

the autonomic system. Proc. Soc. exp. Biol, (N.Y.) 1933-34. 31. 974-97A.

INGERSOLL,y E«Hu«y L.L. JONES and E.S. HEGRE, Role of the sympathetic
nervous gystem in urinary bladder function in the cat. Neurology 1961.
11. 46-55.

KOIKEGAMI, H., T. DODO, Y. MOCHIDA and H. TAKAHASHI, Stimulation
experiments on the amygilaloid nuclear complex and relapéd structures:
effects upon renal volume, urinary secretion, movements of winary

4

bla’? r, blood pressure and respiratory movements. Folia psychisat.

neurol. jap. 1957. 1l. 157-20A.
KREMER, W.P., Autonomic and somatic reactions induced by stimulation of

the cingular gyrus in dogs. . Heurcophysiol. 1947. 10. 371-379.

KAADA, B.R., Cingulate, posterior orbital, anterior insular and temporal pole

cortex. Handbook of Physiology. Williams and ‘'ilkins Coe. Baltimore.

1960. Gec. 1, 2. .
KAADA, B.R., OSomato-motor, autonomic and electrocorticographic responses
to electrical stimulation of ‘*rhinencephalic® and other structures in

primates, cat and dog. Acta physiol. scand., 1951. 24 Suppl. 83 .

1-285.
KAADA, B.R., E. WULFP RASMUSSEN and C. KVEIM, Impaired acquisition of
passive avoidance behavior by suhcallosal, septal, hypothalamic and

insular lesions in rats. J. comp. physiol. Psychol. 1962. 55. 661-670.

LANGWORTHY, 0.R. and L.C. KOIB, Demonstration of encephalic control of

micturition by elecirié¢al stimulation. Bull. Johns Hopk. Hosp. 1935.

564 37-49.



- 14 -
LOFVING, B., Cardiovascular adjusiments induced from the rostral
éingulate gyrus with speeinl refecence to sympatho-inhibitory

mechanisms. Acta piysicl, scand. 19A1. 53 guppl. 184 . 1-82,

MeCLEARY; Ro.A., Hesvowse necificity in the behavioral effects of limbic

system lesions in th. cal. J. comp. physicl. Fsychol. 19€1. 54.

605-61%.
MURPHY,; J.J. and H.W. OCHOENBERC, FPhysiology and surgery of the

genitourinary system. Ourg. Clin. N. Amer. 1960. 40. 1615-1A28.

OKINAKA, S. et. al., xperimental studies on the autonomic representation

in the cerebral cortex ot dog, Wolis psychiat. neurol. jap. 1955.

Suppl. 2. 57.
SMITH, W.K., Studico on the cingular and pyriform regions of the

cerebral cortex. Trans. Amer. neurol. Ass. 1949. 74. 169-171.

STRCM, G. and B. UVNEC, ilolor recponses of gastro-intesiinal tract and
bladder to topicel stimulation of the frontal lobe, basal ganglia and

hypothalamus in the cot. Acte physiol. scand. 1950. 21. 90-104.

TIVHAG, R., Central cariiovascular control. Handvook of Physiology.

Williame and Wilkins Co. Baltimore, 19A0. Sec. 1, 2, 1131-1142.
WOOLSEY, C.N., Organication of somatic sensory and motor areas of the
cerebral cortex. Ir. Tarlow, l.E. and C.N. YWoolsey, Biological and

biochemical basis of behaviour. The University of Wisconsin Press,

Madison, 1958. pp. “3-tl.
WOOL3EY, C.N., Some obacrvations on hrain fissuration in relation to
cortical localization of function. In Tover, D.B. and J.P. Schadi,

Structure and funclion of the cerehral cortex. DProcecedings of the

second international neciing of neurobiologists, Amsterdam, 1959.

Pp. 64-68. (Amsterdam, London, New York, Princeton 1960).




Tootnote 1 Syonsored in parl hy the Alr Force Office »f Scientific
Resczrch, OAR, through the Furopcan Office, Aerospace
Researcl, nit. d Slrtes Air Force (Crant AP EOAR 62-36),
and in part by‘th: Hormucginn Reserren Council tor Sciénce

anc the Humsniiiosa

Pootnote 2 Chlornlosc was kindly cupplicd by E. Merck, Darmstadt,

ard Carncil by Myogrerd & Co, &/5 (Nyco), Uslo.




Fig. 1.

el A

Fige 2.

Fig. 3.

Pige. 4a

Fig. 5.

Fi . 6‘

FTCURE LEGETDG

Rhythmic 'spontaneous' activity of cat bladder. Above:

chloralosc-urcthane rnesthenia. Below: nembutal snesihesia.

Cystomeirogrsm oblained by step-vise filling of the bladder

during chloraloge-ur thrne suesthesio.

Excitetory stimulstion «fiects on hladder nctivity and concomitant
changes in blood pr.ssurc »nd respiratory movements. Stimuli of

1 msce.'s duration wrre applied at 5 volts to the cortical areas
indicnted by arrovc. 4e Intrevegical pressur. rise in responsc

to stimulation »t n trequency of 50 epr. Be. Drop-wise urination
elicitod nt 5 epe. C, Hicturition in response to stimulation at

~
5C cps.

Cursrized anirnl. MNierurition, accompanicd by a marked rise in
intrevesion] mcosies resaiting in complcts cmptying of the
bladder., Point indierted by ~rrow stimulated with 4 volts at

50 cvs.

Inhibition of the rhytlmic bladder activity and concomitant fall
of hlood pressure olicited frow the pyriforan cortex, using 5 volts

and 50 cps.

Curarized cot. Iuterrupltion of urination, initiated by rapid
bledder filling, by stimulation (5 volts, 50 cps) of the point
indicated by arrow in anterior cingulat¢ region. The inhibitory
effect was succecded by an immcediate intravesical pressure rise

and re-occurrance of micturition on cessation of stimulation.




Fig. 7.

Tig. 8.

Interruption (B) and imbikirion (C,I) of normal micturition act

(A) initiated hy rapid hladder Tilling. These inhibitory responses
were obtained frowm ithe nres indicsted oy srrow on the inset. The
duration of the inhitition eorresvonds o the stimulation period.
Stimmlue paras ters: 1 mevrc., [ volio, S0 cps. he effects shown
in ¢ and I were producet when stinulation wao sturted 19 zec prior

to 1he bladder illing.

Bladder racponncs 4o ~tiuulrtiou of th eorohrsl cortex in cats.
A Lateral asupcel of ti. cerrbrs]l hemicphor 3 B wedial aspect.

Excitationy 7, inbir ition, % , and no r.nponzu, J,.




