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IRTRODUCEION
ture

The structure of the ureter i doge is treated in such a cursory
fashion by Bradiay(l) and by Ellsnburger and Boam(2) that recourse has
had $o be m@n to stw&iu on the human. However, the sasbryology and
nmmlosi of this organ has been largely demonstrated in the dog.
Embryology?

The uretsr makes {ts firet sppearance in the development of the
ovam as a bud on the posterior aspect of the Wolffilan duct. Thig ie
shown dlagrammaticslly in figare 1. Later the sioma becomes divided
into a dorsel and a vmiral savity by the downward growth of the uro-
reetal septum, The aerni portion besomes ths rectal end of the bowsl
while the ventral portion becomes the urogenital sinus or sllantois.
The Welfflian duct stays ventral to this fisslon and opens as 2 conse~
quance on ths dn#wlntara& a-pln# of the urogenital sinus. This
process is illustrated iﬁ figure 2., While ths fission is progressing,
the opening of the primitive ureteral canal rotates on the long axis
of the Welffian duet traveling in & semicirele around the oputer side
until 4t sssumes & vontral asd lateral position. Whila thie is going
on, the orifice of the Wolffiamn duct appsars to b absorbed into the
growth of the lateral portion of the sllantois from which the bladder
is uWltimately to be formed. As this progresces, the urster eventuslly
galne its own indepondsnt lmplantetion and orifice. The kidneys in
their aseont behind the Wolffian bodies and developing sex glande
rotate on their vertical axes so that the pelves oceupy a mesial
position in relation to the renal memss. After the asscent of the kid-

neys the ureters become langthened as a remult of (1) changes in the
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lumbar and sacral vortebrae, (2) dessent of the pelvie orgsns, (3) devel-
opment of the pscas muscle, and {(4) stralghtening out of the rensl mase.
Anstomy:

The uretsr is & musgular tube of a fow millimeters diameter which
extends from the kidney pelvis to the bdladder. It gourses downward and
slightly medislward on the ventral aspsot of the psoas sheath behind the
spermatic (or ovarian) vessels for Mt one-half of ite length. It is
then in close relation to the psritoneum anteriorly and curves over the
common i1lias artsry near its bifureation %o enter the bony pelvis. Here
it curves laterally and posterlorly hugging the wall in eclose proximity
tc the hypogsstric vessels. Finslly it eurves medislly, anterior te 2ll
of the vﬁn&lt in the pelvis except the vesical (also the uterine in the
femsle), and dips under the vas or round ligasent to enter the bladder
obliquely. » |

Along its course the ureter presents narrowinge at sites which are
more-or-less oonstant, and which represent normal thickenings of the
circuler mussle coat. Thase are accentuated in figure 3 for the purpose
of duonstratian.(ﬂ

The arterisl supply of the urster is as follows:

Upper 1/3i- branches from the rensl artery
iiddle 1/3i-branches from the sorta, common iliac artery, inferior
mesanteric artery, uterine or spsrmatio artery, and the
deep hypogesiric artery

Lower 1/33~ brenches frem the vesical artery and from the artery %o
the vas.

(*) svstracted. Ses bibllography (3).
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The vemous circulation of the ureter parsllels the arterial for all
practicsl purposes.

The lymphatic drainsge from the lower portion of the ureter flows
downward inte tiw vesicel lymphatics. Thet from the pelvic and abdom-
inel portions courses medislly to the pelvie and lumbar lymph nodss
whils the upper portion is drsined by the renal lymphatics.

Data concerning the inmervation of the areior ie controversisl and
will Se #ﬂamtud in 2 separate sectien of this paper.

Histology:

The outer sheath of the ureter consists of loosely sonstructsd
fidrous tissue ln which the major vessels run. The middle sheath ig
campcseii of an inner and an outer longitudinal muecle cont with an
interposed eircoular muscle ceat. The inner gheath conelstis of a tunice
propria {submuspes) of ﬂbraal&uﬁc tissue and a lining membrane of
stratified transitional epithelium,

The major vessels in the ocuter cost form a plexus consisting of
longitudinsl tortuous ‘bramhas from which at short intervals many
smeller tributeries arise, anastomosing freely and penetrating the
muscle coats of the ureter ins many places. This arrangenent makes
punsihls pcrioa.m oontractions and distentlion without injury to the
blood supply. There is slwo a delicste plexus in the submucoss whose
moshes are elongated in the long axis of the ureter. From this plems
eapillaries toke origls and supply the musculszturs, submuoce ga, and epi-
theltun(®),

(*) : o el ,
Abstracted. See bibliography (4).
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The pelvis and calyves, though thinner, are ldenticel with the
urster histologicelly with but one exeeption., In the minor calyges the
circular musele coat is modified sach that the fibers run in 2 spiral
direction; this structure hes been termsd musoulus spirslis pepillss
by E&-\mahnt(&} o Figare 4 ig & skateh of & reconstruction from serial

seations.

Flgare 4
{after Musohat)

Fhysiology

Since lngelmann’s classical description of the motion of the ureter
in 1889(5) + the organ has been studied by many workers and by slmost as
many mathods.

Motllity:

Engelmann studisd the ureter wisually in the anesthastiged dog, eat,
robbit, and rat and observed peristeltic activity whieh, for the moet
part, gmemdsd from the kidney palvis %o tha bladder. However, on
occasion the wave might travel im & retrograde fashioen, i.e., antiper~

fatalsie. Ho noted further that, for no aprarsnt reasen, any point
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slong the couree of the crgan sould initiate motion elther spontsnscusly
or upon direct stimulation, and that in these instances the contreotions
epread in both directions. MNoreover, he obssrved that nerve stimulation
affected motility., To explain the origis of musoulsr sctivity in the
ureter Engslmenn likens it to the heart the contractions of which are
sutomatic but Influenced by nerve impul ses.

Lucas employing a graphic tmhn*’.qna(") contributed a great deal
toward the exposition of uretersl kinetice. His method wae that of can-
nulating the urster with a modified Z:adwig—&psnslér grtery cenmula which
was connectsd to a water menomster contalning an Bmerson ﬂaat(a) by
means of & rubber tube. The urine was allowed to flow ints the dladder
unimpedad or through a vertical tube the height of which delinsatsd a
measured resistance to flow. In addition to recording from the urster
he obteined records from the renal pelvis by inserting & trocar into i%
through the renal parenchyms. Al)l of his experiments wers performed
under morphins narcosie exeept when ths effects of other anssthetic
agents were to be tested on the wretsr. Under the conditions of his
experiments Lucas found that the middle part of the ureter which com-
prised two-thirds of the total lsngth of the organ shows comparatively
large contractions which recur at intervals varying from six to twenty
ssconds whan the urine is allowed to flow unimpsded imto the bladdar.

In contrast to this he noted that the renal pelvis snd uppermost portiecn
of the urster exbibit small oseillations whiech recur mush move fro-
gquently than the large ones.

A singulerly unique method of investigsting the kinetics of the

urater was introdused by Trattneri?), Briefly, it consisted of diverting



the urinary stream through a cannula to s water tambour %o which was
affixed an outlet with & ecrew velve so that a resistance to the flow
of urine or complets obstruction to that flow could bs mchieved, A
water manometer incorporated in the syetem enabdled him to take prasgure
readings whenever he dssired. In order to interpret ths records
ebtalned by this method Sollmen(10) with Trattner and others took com-
posits moving piatuges showing the perfused, motile urster in a‘ntor
bath and the writing lever in the eume phase of time, With his appara-
tus Trattner was able to detsct two tyves of waves, one of which
representied segmental or pendulum typs of movements {small waves with &
frequency of from six to twelve per mimute} snd the other which repre-
sented propulsion or peristaltic waves {large waves with s fraguency of
from one to eight per minute). Peristalsis is reprasented by & longlitu-
dinal contraction which shortsns and narrows but does mot obliterate
the lumen, and & elrcular contraction which momentarily obliterstes the
lumen in successive ssgments of the orgen ms the wave advances. Pan-
dulum type of movement (swaying movement) occurs only during relaxatiecn.
His observetions concerning the relationship between contrzetions and

the flow or urine are as follows:
1. Continuous flow with no contractions

2. No flow with intrs-urateral pressures at gero or myt&v-(‘;
3. Oontractione with no urine flow

4. Propulsicn of urine with contraaﬂona only
6. Flow independent of contractions (pendulum type of movement)

T%) Tucas(IZ) concludes thet under normel cenditione the intra-ureteral
pressure remalns st sero and that the amount of urine that ordinarily is

necessary to call forth peristalsis is probadly so slizht as to csuse
searcely any pressurs.



A clinlcal test of functlon of the urster at routine eystoscony
with ureteral cathetsrs in place grow out of Tratiner's work with the
”hydrnphatagraph”(lli. It consisted of obstructing the flow of urine
through the apparatus g0 as to increase the intra-ureteral tenesien.
The pattern of motillty was racorded at pressure levels of 8, 10, and
16 en. of water. .

The relationship of pressure within the wretersl lumen and the
contraetility'ofvtha organ le guite constant for the sams ureteyr but
variss in different ureters even from the same enimal. Trattner dslin-
aates fowr pressure levels from sxperiments on oxoised and intect
ureters of dogs. They sre as follows:

Cm. of water pressure

Appeaarsnce lsvel 0 =12
Best contraction level 3 -18
Crueial level 3 - 18 (usasily)
Digeppsarance level 38 « 0

A eimilar phenmomenon has been obeerved in the human by Erwutsmnnn{ys)
and in doge by Wislockli and ﬂ’@oanar(l4), Soknloff and Lusho!ngar(15),
and Hendereon(16), 4 vivid deseription of effscts of increasing
uretsrsl pressures is glven by Lucas(17),

#In experiments on the urster in situ, in which it was suddenly
oocluded below the distal canmula, the contractions of the middle
portion beoame more and wore frogquent angd of larger sise. The urins
sccumulated, and the preasure becams greatsr. The peristalsies increassed
until a point wae reached when anparsntly, from fatigue, the ureter

relaxed; the pressure fall, snd the waves disapponred for a short time
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from the middle portion and appearsd in the pelvig, aftar which the
record was repested, the whole vhenomenon taking place in p manner very
suggestive of cliniesl renal colie due to calouli or other obstruction,
in which the psin, moderate at first, steadily increases to sn almost
intolerable degres, then suidenly csngoe, ghortly to rscur.®

An interesting corollary to the work of Lucas on intra-uretsral
prossurs and urins flow is an hypothesie which he profers concarning
the possible role of the ureter in ths mechanism of diuresis(18), Yhen
the urster is nommally ecting, the pressure in the pelvis of the kidney
remsine constantly negative; this ig borme out by the faot that simulte-
neous é:car&a from the straight portien of the ureter and from th# renal
pelvis show reciprocal wave patterns. It is sccountsd for by the snse
tomiec arrengement of the kidney pelvis uhi¢h provonts 1t from aallapaing
undsr such gonditions. The negstive pressure is produced snd sustained
by considering & volume of urine acting as & pleton as it is propslled
toward the bladder cresting, thereby, s wake of decrossad pressure
localiszed in the pelvis of the kidney; not in the ureter becauss 1t is
& eollapeidle structure.

in an attompt to prove thig conoept he siimincted the urster on one
side in a dog by inserting a widely-flanged canmuls into the pelvis,
mobilized the ureter oa the contralateral side in order to collsct urine
from it, and comparsd the urinaryAautyut after establishing a diuresis.
Frior to the abovs desoribed oxperiment he ranm & control to datermine
the response of ssah kidney to diurssis of the same degree so as to
qualify kls results. He obeerved that (1) the output from the intest

side wae about two-hundred psreent greater than that from the othsr and
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thet (2) an incressed flow of urine cslls forth an incrensed veristelsis
and therefore dose not result In an lncressed pressure in the kidaey
pelvie.

Furthsr evidence that the mechanism of diurseis or at lanet 1ts
feeilitation and parpetuation doss ot reslide wholly in the kidney per
s2 but also upon muscular olsments dlstinet from the vascular tree is
suggested by the work of Wuechat{19) on the musculus gpiralis papillae.
‘Hip in vitro studies revealed a rhythnioc contraction rate of sbout two
por minuts snd a drop of urine from sseh vapillas with each contrastion.

In vitro studles of uresteral motility are optimal in & slightly
seid nedia such as that afforded by s 1:10 dilution of fresh urine or a
0.2 to 0.4 peroent solution of ures added to oxygenated Locke's solution
at about 37 degrees ﬁ@ntigméﬁ(m). The longitudinsl musculaturs can
best be obesrved when uretersal etripe are amployed whereas rings two to
thres mm, wide suffice to demonstrats sctivity in the elrculsr msele
gost. In contrast to ring preparetions ﬁauht‘gl) discoverad that strips
of ureter showed no rhythmic contractions and responded %o drugs for the
most part only by an ineresse or deoreess in tone. In addltion he found
that 2 laok of oxygen diminished sotivity and that the range of tempera-
ture for sustained kinetics was betweern 32 and 41 degresess centigrade.
The observation of Lucas that greater smplitude and frequency of con-
tractions exist in the middle portion of the wurster in eorpore has also
been shown by Satani{22) in vitre. He asoribes this to the difference
in thickness of tho muscular coat at varicus lavels slong the gourse

of the ureter-~the middle section being the thickest. wul23), on the
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sonbrary, as & resuld of his in vitre situdy suggezte that & gzradient of
motility may exlet in the ureter with the pelvic end showing the greate
oot sxeitability; however, his results are not conclusive,

Innepvation:

?uga(g‘*), utilising & graphic mathed of recording from the ureter,
studled the motor affect of nerve stimuletion. His technique was to
ingert into the lumen of one urster & very fine silver cannula over th@
perforated end of which wase fixed. & small rubber capsule. The cathater
was introduced after opening the bladder and was connected by a rubber
tube to a water msnomster. The menometsr in turn was connected with a
plston resorder; the height of the water in the manometer could be reg-
ulated so as to preoduce an sdequate digtension of the balloon in the
ureter. The hypogastric narves wars isolated just balow the inferior
nesenteric genglion and were placed $ogether on Ludwlg electrodes. The
dogs used in these szperiments wers snesthetized with A,0.8. mixture
(sleohol, chloroform, and ether) vprecedsd by a dose of morphine. Fagge
roted that uretersl contractionsg varied considerably from the standpoint
of amplitude, ocecurrence, frequengy, and wave patiern, but naver falled
to chserve somas sort of imereased motor activity after stimulating the
hypogastric nerveas. He was unable to confirm Protoponow's experiments
in which stioulation of the splanchnic nerves excited the ureter; he
also found that the pelvie visceral nsrves were sgually without effect.
From the foregoling he oonecluded that the ureters were innervated solely

by the hypogastric nerves.
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sateni{22) sxprosens & dietinetly different view derived from
visunl ebesrvations on the sxoised and intest urster. From the finding
that verious sutoromic drugs showed anstomic localization he vostulated

that the uppsr end 1s innervated aniefly by the eympathetios and the
lowsr ehisfly by the parasympathetics while the middle is probably
innervated sbout squally from the two sets of flbers. Contrary to Fagge
and corroboratory to Protopovow he found that stimulation of the golachw
nie nerves was motor %o the urster as was alee stimulation of the psivie
narves. Heo further states that inhibitory fibers resach the ureter by
way of the commanicating brenches to the inferlor mesenteris ganglion.
His obsorveiions on the nistology of tho urater{28) pelsvent to its
innervation rsvesl that genglia and nerve cells vary & great deal in
size and form with the large genglia belng observed in the outer fibrous
and mucous coats, Thers are highly developsd plexuses betwesn tha
fibrous and muscular conts.

Another sontentionf26) is that the ureter derives its parasympa-
thetle supply from ths vagus for the most part but at its lower end from
the sacral outflow via the vesicel plexus and, therefore, ie analogous
te the alimentery camal in this latter respset. The gympathetie supply
is sald to be from the celime and hypogestric plemzmses. It is olalmed
that the afferent fibers from the ureter sre probebly more numerous than
the efferents and that they enter the cord at 711 & 12 and L, 1. Some
non-gensory efferents are seid to be in the vagus.

¥harton(2?) sarefully removed the ureter and ndjscent tissuss en
blee from various snimal and humen cadavers and exsminsd them under the

microscope after stolning by a spscisl techaique. He concluded that the
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urater receives n rerve supply which is independent of the innervation
of the kidney and bladder. These nerves come from the lovest renal
ganglion at the uppor snd of the spermstic plexus and from the addom-
insl eympathetics (asrtie, hypognetrie, and pelvie plexuses).
Clinieally, 1t wae found thet cutting thase nsrves doss not interfere
with the function of the urater and spscifieally doss not csuss atony,
hydre~ureter, stricture, or any other ursteral dlsturbance. Sinilar
results from experimental dsmervatlon on animels havs besn shown Wy
Analer(28) ang yrommo14(29),

Smith and Strasberg(30) using the mierodisssstion and staining
methods of Wharton state that the middle 3/B of ths urster is relatively
fres of nervs fibers,

Aptly fllustrating the confusion conseraing this gusstion of the
innervation of the ureter is the work of Hrynsehak(31, 32, 33) ., 4o
3,564 serial sectlons of the pelvis, ureters, and urstersl orifices of
man, plz, dog, and cat found no ganglion eells in tho muscosa or mus~
cularis and pons in ths tigsus adjacent to ths upner 3/3 of the uretery
he found a few isolsted in tha lowsr 1/3.

Beflexogs

Cross raflexes invelving the ursters ars sesn not uncemmonly in
patients with unllatersl remsl or urstorsl disssse. Contralateral soasm
1a the moat frequent mmwmtatmn(“). Irritation of the wratsr by

saleulue mey c¢auss reflsx anuria lasting for é&ys(%).



18

?&rrall(gﬁ} has dempngtrated that when the pelvisg of one hidnsy was
distended with saline, the urlne flow from the opposite kidney cessed
but begen asein after the preéssure was roduesd. The reduciien in urine
volume wss considered to beon the basie of vassconstriction, for con-
eomitent nith the decreassed urine output a decrezse in kidney volume wasg
rosorded. The experiments were done under morphins-sther anesthesisa on
dogs, the sbdomens of whish were opeced from sneiform ic rublie. It wae
notled farther that there was an inhidition of urine flow during the
active phase of micturition.

Similar experiments performed by Burten-Oplte and fncas(36)
revealed thol sudden incraases in the pressure in the rensl polvie
ware more effective in cheoking the circulation homolaterally as
neasurad by the stromuhr than wers gradual inorscses, and that gontra-
latersl offects wors gbaent! I% is & moot questlon shether the
gtromabr is as sensitive as the oncograph ia this situation.

Using dogs under chloral nareosis Barlety and Ke;mar(m* 38)
correlatad stimnlation of the kldney pslvis and uretsr with encographic
gtudies of the homo- and contralataral kidpoys and the genersl arterial
blood preseurs. Stimulation wae done with dllute HCL in saline or by
pragsure (expressed in cc.) and was incrsesingly effectivs the nearer 1%
was applisd to the kildnsy., OChanges sonmisted ususlly of 2 diminmution in
volume, but sometimes 1t was inereased. The volume changes im the kid-
ney were independent, for the most part, of the changse in the ganeral
arterial blood pressure. This, they felt, spoke for the exlistence

(among the wvarious vasomotor regulstors of the kidnsy) of a proper

factor for the vessels of this region slone, giving it a separate
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sontrol as far as avtomatic vsgulators of vascular control 1s concerned.
The volume of the contralaterzl kldnay wae found, 28 2 genersl rule, %o
follow the genersl artariasl blood pressurs, ZReral denervation 4id net
affset the responss. The response was inhibited by yohimbire, cocaine,
gnd sssrine and was augmented by atroplne.

Tha effocts of urstersl ccclusion on kidnsy function of unanse~
thetized, treinsd doge prepared with bllaternl cutanasous uretoreostonise
was investizzted by Pllcher, Bollman, snd Mann(39). Tho kidney on one
slde was made to work sgelnet definite vrsssures for perlode too short
to injure the organ permenonily, and the gquantity mnd composition of
the urine thus ezcreted was gompared with the urine szmersted from the
opposite kidney which was under normal conditions of preesure. They
fouod that urine, normel in quantity and composition, woae ezereoted
agalnst pressures wp to mnd including 30 om. of watar. AL pressuves of
40, B0, mnd 60 gn. thers was s regular diminutiocn in the volume of
urine, and often proportionaisly greater diminution in the total smount
of chlsride. Thers was no change in the total amount of ereatinine or
wrea elininsted at pressures less than 80 gm. Omaring the kidney to
work agalnet pressures up to and including 60 om. of watsr for ons hour
414 not affect the funotlon of the opposils kldnsy, nor was significant

anuria or polyuria frow elther kidnay ever obsorved.

Campbell and Pattsrson(40) prepared dogs ms had Pilcher et al
with, in addition, & gestric fietnlas for recording the effects of
uretoral amd pelvie distention upon banser contractione of the stomash,
They found that pressures less than 35 mm. of meroury wers without

affect, but that with greater pressures ons or combinationsz of the
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following would occurt (1) fohibition (partial or complete, (2) chenged
type of contrsction, (3) hypsrmotility, {4) chenges in tonus, (B) vonite
ing movements. The pathways of this reflex ware not studied,

s,amni{ga) suggests that the chemical composition of the urine may
also affect the development of uratsrszl sontractions by meang of reflex

sotion.

Fharmncology
Autononie druged

The original contributions in thie field were by Hacht (2L, ‘&3).

4 sammary of this work iz presented in iable 1., The findinge have been
corroborated by Satani{22),

Using Trattner's hydropherograph on dogs Cresns and Berex!4?) were
able to demonstrate the setlon of adrenalin in situ and found it o be
stimlatory as was the cholinomimstic compound mecholyl (ecetyle
betamathylwcholine). The aeiion of the latter compound on the ureter
porsisted after the blood pressurs had returnsd to normal. They ncoted
that ergotoxine intravencusly diminished ureteral tone considarably,
and that otropine gowe vari-bls, inconelusive rasulis. Samaan(44)
stotes that atrepine relaxes the bull's and the human uretar if they
are alraady rendered in a sinte of suasm through parasgymnathetic stim-
niation whersas it falls %o rolax thess orgsns if the cause ig diveetly

museul ar.



TAELS

Summary of the Astlons of Autonemic Drugs on the Ureter

(Macht)
Drug Cencantration HBegponse
Apinephrine 115,000,000 Incrassed frsguency,
amplitude, & tone
Larger (1) Totany
Brgotoxin 1:80,000 Immadinte-inorsaced
: tone & freguency
Delayesd~decreasad
tons & frequency
Brgotoxin followed (1) Hone or further
by eplnephrine desrease in tone(*)
Pilocarpin 1325,000 Increassd fracusncy,
amplitude & tone
12,600 Ishibition of motility
Physostipnin & {1} Increased fresiusncy,
Mugoerin (1) - amplitude & tone
Larger (7) Ho inhibition
Choline & "Synw 1:126,000 Ronse
thetic Muscarin® 1126,000 Wons
1:3,000 Insreased frequescy,
amplitude, & tone
A¥ropline 1425,000 to Ineediste-variable
115,000 Delayad-inhibition
0.01% Inhibvition
Abropine followed by!
Pllocarpin (7) :
Physostigmin (1) t Wons
Husearin {1) ]
Epinephrine (1) H
Hisotine gmall {7) Inareasad motility
Large (1) Decrsased motility

Adrenalin setion
is inhidited

(*) This rsﬁrtsonta the first demonstration of roversal of the affect of

adrenalin in an organ whigh hke perletaltic movements.
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Qthsr drugs:

Anssthetice such as nembutsl, sodium amytsl, sther and chloralose
are held not to slter the response of the uretar to érugs(43). Uhloro=
form renders the orgen relstively rafrnatarrclg}. Avertin (tri-brom
ethancl) has been shown %o depress the mueculature of the urster when
exeised or ia situ; in the latter lnetance it is effective by intrave-
nous, rectzl, or intra-uretersl adminiutraxian(453*

The oplum alkaloids, in respect to their action on the urator, may
be divided into two grouns acecordlng o their chemicel stiructure--the
pyridine-phenanthrene group (morphine and codeine) and the benzyle
isogquinoliine group {pupaverine and narea%iﬁ)f45>. lorphine and its
allied alkelolds incrsase tis contractions aud produse a graater tonice
ity whereas papaverins and ite alliad elkalolde nroduce a slowing or
totel inhibition of the contractions and relaxation of the tonus. The
benszyl iso~guinoline affests predominate when the two groups ars glven
in combination. The effect of morphine om ths humen ureter has been
ehown to be excitatory by Carlson and Ookerblaed(4?),

In 1843 Cruveilhisr first deseribded dilatation and slongation of
the urster ss a frequent accompeniment of the gravid state{48), mag
hormonss play a part in the production of this condition has been ably
demonstrated Ly Handley et a1(49) Using the hydropharsgreph te meas-
ure ursteral zctivity in both gravida snd non-gravida, they have

domonstrrtad that sstrogenic substasnces tend to activate the uretay



whersss nrogestogenie subetancees tesd to allay contragtione of the
orgzn and produce the musguler hypertrophy and tns hyporemis found
during nragnaney. |

The pharmacology of the susculue spiralie papllias is essentlially
tihs seme as that of the urster(30) exespt that the cholinomimetic
compound pﬂacw;im hydroohlaridﬁ in 8 dilution of 1:20,000 is

depressant,
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BXPERIMENTAL WORE AND DISOUSSION

A Pnotographic Method of Recording Uretersl Kicetlos in Situ 551)
Introduction:

The moet foselbls mothod to study the ureisr et the conset of this
work was fslt to be that of Trattnortg) since in princiaie it invelved
the least overative intsrference and hence the mos$ vhysiologic mesne
to invsstigate this orgsn. However, during & series of experiments on
doge it wae found thet the water tambour hse sevsrsl undesirsble
fastures which made racorés obtsined 4lffioult, if not impoesible, %o
fnterpret. A membrsne tambour becsuse of its elasticity ylelds a trao-
ing which is epproximately = logaritimlc function of the pressure
appiied; thersfore, the sensitivity is reduced spprecisbly when working
with inorsesing pressurss. Thie is domonstrated ism figurs & the data
for which wes obteined from the ssne membrene used in securing the kyme-
graphic recerds to bs presented latsr. The membrans axerie = similar
effect on fluid displecements sc that succesesive increments and dscre-
mente of liquid ars not recorded isometriceily. Ths fling of the lever
AT H=—s faault of its inertin and nomentum=-further adds to the imsc-
cursey of the method., Frietlon of the mriting etyle on # empkad drum
becsme parcentible when working with small snimals.

Description?

The essentisl features of the unlt designed to repleos the water

tambour are apparsnt in figure 6. Bypodernmic nsadler of varlous gauge

(20 to 25) ware used as resistance to the flow of urine. Alternate



ks ) o L U= =, ,‘- ST 1 .
bt L 1 P TR D T HEE S S W = )
- + - -t . L T P e i
L, o | L [ 1 o bl = e T
I : 3 "k;': P % I
R.EpiES.gUéE_ { ;AL.HJHEI i L

A:F

4 |
‘ i

OF W

|
4

[ |
e

L l2p
BiiEg]
!

!

SR

10
|

o

Figure §©



Soft glass tube ||
Tmm. even bore

Film

Ad apter Rubber
for syringe  connections

drop
recorde

R

Shut off
valve

shut-off
valve

Glass tube

attachment

COMPOSITE SKETCH
SHOWING DETAILS AND

PRINCIPLE OF THE \ |
RECORDING DEVICE &
kN
¢
bBromobensence
saturated with —»
methy! red ;

Figure 6

—
=

=1
% L\Liqht
2 shield

|

Rubber
cork

¥ urethra)
catheter
( attached to
canvula in ureter

~—Test tube




24
methods are the imporporation of a serew valve at the outflow of the use
of & constant-bore eperture connscted with the cutfiow by a rubber tube
so that it car be raieed or lowered to provide the desired resistance.

The principle of the unit is baced on Pasosl's Law which states
that pressurs exerted at any point upon a confined liquid {s transmitied
undiminished in all direotions. Bromobensens was chosen because it has
a density of 1.4991(52) ana o surface tension about 1/3 that of water;
furthermore, 1t is immigoible with water (0.0448 grams are soluble is
100 ce. of water at room temperature). The memometsr tube is of small
ealiber so that smell amounts of liquid displecement canm be readily
dotected.

An excellent method far recording the excursions of a liquid columm
photographically has besn reported by Kirchhef and David(B3), However,
the schems shown im figure 6 is satisfactory. Illuminstion is provided
by a ¢lear, BOO~watt, tungsten~filement, projection dulb. The film
{bromide paper) is fastened to the drum of a kymograph with scotch Sape
and placed within & light-tight box with a thin slit $o which the msnome
eter tubs is Juxtaposed.

Prior to recording, the optlcal system is aligned and adjusted by
trial and error. The distance between the light source and the menom-
otor as well as the distsucs between the manomster and the paper must
be regulated so as to echleve sharp contrast. The unit is £illed with
physlological saline solution so as to realize an 2ll-liquid system.
Hydrostatic pressure from the liquid in the inflow and outflow arms
forces bromobenszene into the manometer, the meniscus of which eetab-~

lishes & bage of sero pressurs line,
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8mall eirands of thread fixed acroee the slit 1 em. aspert snadles
one to read preseure dlrsctly and contliumously in linear terms on the
photographic record. In Tretiner's spoarstus & water column manometer
hed to bs shunied into the system %o mseertain ths pressure at any glven
ingtent.

Though the apparatus describsd is more bulky than the one 1t was
designed to replagse, it is fell that ite adventages wore than compensate
for this fault., This defect, too, could be eliminated but st greater
OXpense.

A valughle =djunct to the imterpretation of the rsoords obtained
oy this method ie & simultensous record of the ontflow in dreps.

Figare 7 ehowe the one used in the experimente to be deeeribed sudbee-
quently. Though not original in prineiples, it hes some merite in its
conetruction which are unigue. It le chesp and eeey to construet.
Horagver, the nidus of drop formation is always the same se that the
results ¢sn be cowpared from one experiment to the next. Fever onoce,
oven with coneidersble diuresis, wae the urine found %o he ge dilute

- that thie inetrument would not function. Oeccasionally, when the urine
contained a relatively large propertion of asolids, a denoeit would form
oo one silver wire, Thie was eliminated by simply chenging the polarity
ef the B-batiery clroult between experiments. A signal magnet was used
te trace a record of drops vhen working with the water taxbour and a
kymograph. It is more convenisnt to replace this with a small light
bulb such as is used in pocket flashlights, & pinhole, and & emall posi-

tive lens when working with the ontleal systesm so thet & *dot® recerd of

arine in drove ls rezligzed on the final recording.
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The Actlon of Bibutoline on the Ureter of the Dog

Introduction:

In the quest for an improved drug for use in refraction and inter-
nal examination of the eye, Bwan and White were prompted to explors the
poseibility of syntheslying surface-asctivs derivatives of a choline
eaépaﬁnd by replecing the hydrdphilic Wiy group of carbaminoyleholine
with water insoluble emines. The ressarch culminated in the synthesis
of a new clage of autonomic drugs; a series of choline esters with
mydristic and cyeloplegic actions(54 - B8), e additlon of non-polar
groupeg to carbaminoylcholine effected a spectaculer reversal of
action--"an event unparallelsd in sutonomic pharmacology.* A aumber
of preéparations werse gynthesized. OF thesge, dibutylurethans of
‘dimeéhyl~athy&43~hydroxrathyl ammonium sulfate (Dibutoline®) was found
to be the most suitable for clinical ophthalmogic usas.

Subseguently, studisez on the gystemic pharmacology of dibmtoline
were reported by Featherstone and White{59: 60) ,ns vy Paterson and
Patarson(6l, 62), It is beyond the scope of this presentstion to do
more than indlecate its pharmacodynamics. There is good svidence to
point to the site and mode of action of dibutoline as qualitatively
similar %o that of atropins, 1.2., blocking nerve impulses st choliner-
gle neuvro-effector junctions. OClinieelily, therefore, it would be
classed sz & spuemolytic. In doess for doese comparison didbutoline is a
muoh shorter-acting compound than 1is stropine. Its therapeutic index

1e considered %o b2 hizh end gide effscts ars, in the mein, minimal,

* Merck and Company
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Apperently, too, thers is speoific orgen and tissus sasceptibility to
the compound, for there was noted a varisd dosage threshold depending
upon the ome studied. The jejunum is the moet sensitive since complete
inhibition is produced with ss 1ittle as 0.01 mgn. per kg. The fore-
going suggested a atudy of ite sotion on the ureter.
Hethodss

All the snimale used in these azporiments were anspthetized by
injection inte & radial vein of one grain of veterinary nembutal per
five pounds of body weight. During the courss of the expsriments one
to two grains, depending wpon the size of the dog, were injected intra~
venously se indicated to meintain sultsbls anesthesis. 8ix dogs were
used.

The bladder was deliversd through & two-inch, midlinme, euprapubic
incizlon in the female dogs and through a similar incision Just lateral
to the base of the penis in the males. A emall glass cannula was
inserted into the ureter Just proximal %o the intramural portion and
held in position by carefully placed ligatures. Because of its convene
ience the right urster was used exelusively. Before the bladder and the
cannulated ureter wers placed within the animel, the site of canmulation
was inspected for leakags or obetruction. Ligation of the diat&i
ursteral stump wes not deemed nocessary. 7The incision wae closed with
hemostats; within sbout one hour the wound mnulﬁ be éaalad by fibvrin
deposition. The operation was usnally sccomplished in lese than 15

minutes. The l:f%t radisl veln was cennulasted, snd the carmuls attached
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to a Murphy drip apperatus so that physlolozicel saline solution or B
dextroga lﬁ water could be administered st room temperaturs et any
desired rate to maintain diuresie and, consequently, uretersl motility.

The recording apparatus was essentially that devised by Trattner
consisting of & No. 8, Fr. uwrethrsl catheter lsading from the cannui&
in the ureter to a water tambour system; care was taken to allign the
membrene of thse tambour on mpproximately the same level as the ureter.

A drop recorder as previously dssoribed was used $o record urine cutput.

Drugs used in this study were injected into the right femorsl vein.
Regpirations were recorded on seversl occasions by means of a partially
inflated rubber bladder bound to the animal's thorex and connested with
an air tambour. Bleood pressure tracings wers taken 4in the conventional
manner using a mercury manometer with a Ludwig float; the left femorsl
artery was cannulated for these records. |

A few in vitro siudles were made utilizing the verfusion methed
described by Trattner(63),

The dibutoline used wse a 5% stock solution obtailned from
Dr. Kenneth C. Swsn; sultable dilutions were made fresh for each experi-
ment and tested for decomposition with litmue paper.

Resulta?

Thirty-one injections of didbutoline were adminieterad in doses
ranging from 0.1 to 5.0 mgms. per kg. An snalysis of ths response of
the ureter to the drug are mummarized in table II. Hed the photegraphie
recording method been employsd in ell csses perhape these results would
prosent a elighitly different pleture. However, it can be sugzested, at

least, that the ureter is nct affected by dlbutoline to the same extent



TABLE IX

i ¥ Responzes to Dibuto

Bxpariment H;Efgg of Dibutoline Sax of Dog

gol, l..O 56'&

1. . - e Male —
2. W bl O Fomale

3. - BER e Male

4, - . . Famale

Io g &mﬂﬂ

(pregnant)

6- bad - » ﬂlﬂ.@

Responseg in Fercant of Trials
22 K ico

L a - L L 3 * * - * - L

2 Unquestionable responss
- No or gquestionable rssponse
#8 Bxcluded in caleulation of percent
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as the gut eince i} rarely rssponded to less than 1.0 mgm. por kg. If
this is teken as the minimal effective dose For the ureter, it szeems
unlikely that the compound can be used olinicslly to relieve ureteral
gspasm singe the degree of tashycsrdia, visual disturbances, and asyalosis
would constitute untowsrd side resctions. Notwithetarding, experiments
Von the human subject employing the photographic method are planned, for
it is concelvabdle that the humen ureter mey be mors sanﬁitiin te the
sction of dibutoline.

Proof that trus relasxetion of the corgan was obtained is evident
from figure 8. Perfusion of the exclsed urster showed a depresssent
effact with dibutoline in 2 111,000,000 dilution (figure 9).

Reflexss Involving the Urster

Lucas(12) obeerved that stimulation of the narss of a morphinized
dog with sther vspor altered the motility pasttern of the urster. His
is the only account of such & somato-ursteral reflex found in the
literature that was reviewsd. Figurs 10 ghows & sinmilar phenomenon
provoked by tugging on the exposed left femoral nerve of a nembutslized
dog. In other axperiments faradisstion of ths nerve elicited the same
responed in several instances; the depth of anesthesia probably
asoounted for some of the fallures to ellcit the reflsx, for no attempt
was made to control this factor. Seven experiments wers suocessful.,

& urstero~respiratory reflex wes elicited aasch time the flow of
urine from the ureter was completely obetrustsd. It was manifeetad by
fization of the thorax in ingpiration and decreased samplitude of the
respiratory ezoursione, and 1t lested until the prossure was released.

Figure 11 demonstrates the reflex] the periosd of latency was 35 seconds,
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coincident with the time it toock for the intra-uretsral pressure to
reach & plateau st about 70 cm. of water (50 mm. mercury). Ia the same
record it ie evident that the respiratory effect is quite similar to
thaet produced by the intravenous injection of adrenalin. This reflex
wae observed osasch time it was tried in three expariments.
Action of Varlous Drugs on Ureteral Motility

The action of adrenalin, ergotoxine (“Gynargen"), papaverine,
morphine, acatyl-betamethyl cholins, pllosarpin, end atropins, all of
?ﬁiﬁh‘hﬁ?ﬁ been reportsd, were tested in sn attemnt to compare and
therefore svalunte the action of dibutoline., In every instsnce the
results ware in sccord with published accounte. In additlion %o these
a fow other compounds wers tried. Acetylchelins, 0.5 mgm., injected
intravenously, using precautions to prevent hydrolysis prior to injec-
tion, was found to sugment peristaltic contrastions for a few segonds
in 5 sxperimsnts. Nembutal wae depressant to the ureter and rendered
the musculature somewhat refractory %o the effsst of exeitatory

influences and drugs.
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SUMMARY AND CONCLUSIONS

Literature ls reviewed pursuant te the structure, @hysiolagy, and
pharmacology of the ureter. No attempt has been made to present a
critical review but rather to summarige certain papsrs pertinent to the
experimental work performed.

A new method for recording uretersl motility is deseribed. This
method ensbles the investigator to obtain isometric msasurement of
liguid displacements and pressure changes linsarly and continuvonsly
with s sinlmum of artefact from the friction, inertia, 2nd momentum of
a writing style. It ie gensitive te liguid displacements of 1 cudie
millimeter.

Dibutoline, a choline aster with atropine-like pharmacological
effects, wes found to have a deprsssant action bath on the intaot and
extized ureter of the dog. Six dogs were uszed in this study; on five
the method of Trattner was used, and on the other the method dessribed
in the preceding peragrsph was used. In thirty-one experimenta the
¢compound was administered 1ntravenoualy in doses ranging from 0.1 %o
5.0 mgn. per kg. of body weight. The ureter was found to b2 unrespon-
glve to dibutoline in dosse lese than 1.0 mgm. per kg. whersas it has

been shown that the small bowsl reacts to 1/100 of this smount.

In seven experiments tugging on the left femoral nerve or

faradization of it resulted in 2n altered motility pattern of the

right ureter,

Complate obstruction to the flow of urine induged a reflex fization

of the chest in inepiration with dscreased amplituds of breathing move-

ments in thrse experiments. The thresheld for the production of the



respiratory reflex appears to b2 the point at whieh the inecressing
intra-ureteral pressure reasches a platesu which is about 50 mm. of

mergury in each oamge.
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