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IRTRODUCEION

1. Higtorigel:

Bxtrects of the belladonna plants have bsen known and employed in
various weys for many centuries, end atropine, the prineciple alksloid
responsible for thelr actlons, was isoleted in 1831. (1) However, little
is sald of its pharmscology prior te 1866, other than to describe its
effects on the central nervous system and its toxicology. Therapeutically,
it wae used both intermally and loczlly for a great variety of milments.
Among othar‘uaes Tood in 1860 (2) mentions mydriasis in oohthalmic
surgery, relief of enu;eaia nogturne in children, and the relief of
intectinal spseme. Accerding te Wood, the first suggestion of an
undarstanding of its fundemental action wee mede by Muller. Johannes
Miller kmew that constriction of the pupil was produced by electrical
stimuletion of the short clliery nerves (1844)(3) from hies own experiments,
2a woll as those of Mayo &n 1923 and the earlier work of von Fowler,
Reinhold, ond Nysten. Wood (2) statee that Muller suggested that
atropine produced &wd:iasis bybrql&xing the circulsr musele of the iris
by some inflﬁence on the ciliary nerves. Bernsteln and Doglel in
1866 (4), confirming iiller's suggestion, showsd that atropine blocked
the puplillary censﬁrictién produced dy oceulomoter stimwlation.

Th@vdamenﬁtr&tiaﬁ of the inhibitory action of the vsgus nerve on
the heart by the Websr brothers in 1846 {5) and the secrstory effect
of chorde tﬁmp&ni stimulation by Ludwig (6) snd Claude Bernard in 1851
(6) accelersted the invsstigations iaading to the gsnerally accented

praseni day concept of the zmctlion of strovine sa tus periphsrsl sutonomic



ﬁarves. Trough ths fasl heert producad by Atrops Balledonna hed been
obeerved previously, Bszold and Blosbanm in 1867 (4) were first fo demon-
strate tha csuse by showlng thst stropine blocksd the aardio-inhiditory
effect of vagsl stimuletion in the frog and dog, They notsd the pre-
liminery alawing’of tha hazrt sfter administrstion of stronine and
attributed 1t to central stimulation of the cardio-inhibltory centars
in the wedulle, a2n #ffset later blockad by ths peralyels of ths vagal
endings. Schniedsberg in 1870 (7) further logslized the ~etion on the
heart of the frog. By elsctricsl stimulation mansrately of the vagal
trunk and the sinue erescent with its porssympathetie ganglion cells
‘ aﬁ& postgenglionic fibers, both before sznd after the mﬁplicwtion of
atropine or nicotine, he showed thet hoth.drugs’blockad the 3ffec£§ of
prayanglionie stinulgtion, but only stropins blockesd the grmnglionle or
pogtgenglionie stimulstion. In 1872 Heldenheln {(8) ghowed that atrovine
blocked the sacrelory effacte of chords tympani stirulption. Agsin,
Lengley in 1890 (9) sbowed ths action, in contrsst to that of anicotine,
to ba pestgsnglionic, Following this, similsr nbserv:ations wers made
on most of the other glrnds of the body, sll baaring out in sansral
the blocking effuet of atropine on vpostgenglioniec verasympathetic n@rvma;

Both the eoffacts of vagal gtimnlstion snd of atrovine on the small
intestine wers disputed for many yerrs. Bayliss and Starling in 1899

'

(10) peinted out that prolongsd vegsl stimulation wes nacassary to
produce a consistent effact on tie intestinel motility. In genersl
thelr results show 2 etimulatory effect, but wvery somevhat with the
pfeviaua sbtrte of intestinel setivity. If tas loop setivity were low,

vagel stimulation tended to increase sctivity during stiulation, whils



if ths loop metivity wers high, inhibition often lostzd throughout the
period of stimulation, but wes immadistely followsd by marksd incra-se
in tonse and amclitude of contractions. Dosss of zbtropine up to 30 mill-
igreme in thelr doge produced no effect on vessl stimulotion. This
result was confirmed by Henderson in 1923 {11). Furthermore, Baylies
and Sterling stetad that thay nmhs@ ne affectes of atronine on ths vower
end rhythm of contractions, n%r the loesnl reflexes of the intestine,
though it biackad tha excitstory affect of muscarins. Hany other workers,
a8 reviewsd by Schubel in 19-4 (12), mdded econtradictory results to the
effoct of &trmniné en thz intestines by » veristy of techniques. ¥hils
olinleisns generally wars showing that stropine in doges of 1 to 2 mill-
igrans, (Yood, 1?65}(15)-which oroduce blood concentratisne of 175,000,000
or laes, produced therspasutic 2ffzcts in men, Magmus in 1905 (14), intro-
ducing tihie isoleted gut tachnigue, rép@rta& tnet boths contelining s
1/4,000 goncentration of atropins vere stimmlstery whils lssesar concen-
tration hed ne affuct. In mueh higher concentrations, the drug varalyszed
‘the bowel wall. Unger in 1907 {15) showed that concentrstions of
1/2,000,000 or lsse produce » decresse in tona sand rhythm of the isol-tad
intestine of ribbits. Hig resilte heve been smply werifiled, though at
firgt denizad by Megnue in 1908 (18) on renetition of his sxperiments.
It var evident timt experimental comditions and dossgs wers responsibls
for many of the coniradictory results reported im the literaturs of those
daye.

While in gensrasl, though not wlthout arguments to the contrery, the
setions of atropine =t thet time might be deecribaed «g parassymocthetic

blocking, the exsct wmechavnlem wag disputed. Adbont 1906 s series of



obesrvations begen which culminated in the thsory of chemical transmission
of parve impulses with scetyleholina as the nanrohormons produsaed at most
of the neurceffector junctions of the parasympethetic system. The possi-
bility of chemiezl fronsmission of nerve impulsee wae probadly firsé
suggested by Duboie-Reymond in 1877 (17). In 1904 T. R. Zliiot (16)
pointed out the gimilerity betwsen the sctions of arirscts of thae s=drensl
maﬁnll5 and sgympathetic nerve stimnlation, and noted thet adrsnsl axtrects
stimulated the affuctmﬁs aven after the deganarstion of the sectioned
sympethstice parvss. He postuloted thet adrepelin was the ch@ﬁical’trmnam
mitter at the neurcsffector ‘unetions of the sympethetic netvous systenm.
In 1906 Dixon (19) pointed out the faithful similerity betwsen parésymn&—
thetic stimletion and the affaet of muscarine. Ha nostulsted thet the
ﬁrrﬁsmeatﬁatic narve ondinges liberstad 2 miecorines~like chemical whieh
acted to stimuﬁwt& tha sffaector. Also in 1908, Reid Hunt (20) revorted
nis etudies on cheline znd cholire sstsre, making the discovery of the
extrsordinary ohrelologiesl affacte of sestyleholina. He suggested that
agatylcholine wee the depressor substeones of ths adrensl extrecte of
Abal {21). 1In 1914 Dale (22) studisd the physiologlesl setion of ccetyl-
echoline in detsll end dsseribded its "muscarinice® sction ng "prreeympatho-
mimetic*, and noted its "nigotinic*, ganglion stimmlntory, sction se waii.
Ha observed the offzct on the lsolutsd inteetines, noted the evanescent
effzet whap injectad intvavencusly, and nostulsted s tiseus seteranse for
ite hreskdown. Though no one had =e yet shown zcatylcholine to be

progsnt in the body, Dale reeslled the wsork of Hunt, which ruszegted ths

possibility of scetyleholine liberation in the sdransl gland, snd raised



the guestion of whethsr scetylchioline misht pot heve & normrl physlologieal
function in ths animal body.

In 1912 Wielsnd {23) noted thet o plece of isolrted rebbit intestine
eontrecting in selina, impsrted to the ssline the vnroverty of stimulating
& sseond normal 1solrted intestinal strivp; the action on the second strin
wes bloeked by stronine. Le leux in 1918 (24) trreed the retive orincipls
In the both thrangh,mﬁny gxtractions snd »recipitotions and hit unon the
fret that Reid Hunt's msthod of seatylrtion ineressed tha shyriologienl
setivity of the extract many theussnd timee with ragerd to denrssslng of
the pressurs, slowing of the leclsated hesrt, and inkibiting of thepisal¢ta&
intestina, %The ineresse in effactiveness for emeh ilndlcrinr was in cias@
rgreenent vith tie gorresponding incrasses ranorted by Heid Umnt for the
seotylation of choline. Le Heux (24) isol=tad the ~etive nrincivle as
erystslliine choline ~nd ldentifled it chemieslly. He sghowad that ot
lonst 70 per cent of the originsl activity of ths axtrsct comld ba se-
counted for os extractad coolins.

Le Heux in 1820 (28) then offersd sn axvlanstisn for ths vorisble
results obtained for the uotlon of atranine on thae intestine of the
szperimentel snimel. Hs showsd that sn -ctively contracting intastine,
yielding high content of choline inte the sslution in which it was
suspended, wra alwsys lnhlbitsd by very sacll coneentratinne of atropine,
1/1,000,000 or less. If the activity and choline nroduction were low,
an . axclitstory action of stronias somstimes overrnlad the cholline azntago-
nism. Hoderste increasss in the concentration of stronine, sbove nny-
thing that would ever bs attained therapautieally, neuslly resuited in

& stimaleting offaeet, whils highar concentrotions poralyzad the intasstine,



After raviswing the sxpsrimentsl methrds rnd rogulte, ha offared sn
axplanation for =11 the contradictnry resulte proviously reported cone
corning ths sctien of atropins on the intestins.

Le ileux in 1921 (26) rsinvestigstod the effect of organic comnounds
on the int2stine firet reportsd by Ros-. and Noukireh in 1912 (27), end
found that d-glueose, d-mannoss, and the s&dium galts of roatats snd
pyruvate #nd = faw other similar slinhatic acids stimulcte in signifi-
cantly smo1l doses. Ha eugrestsd that the sclde might bs meting by
virtue of the formntion of cholins ssters. The rol-tive affscte of the
various acids, s comparsd with their eholins estera,'hera out his
hypothssis., He further suggsstad thet the stimileting aetion of the
sugere uessd migat be due to the orgonic scilde mads avall dle for ocsterifi.
cation with choline during the matsbollie breskdown of the sugers. fad
he had the information concarning thes Mactivs" scetats seatviation of
eiioline follo-inmz pyruvie secid oxidstion, hs weuld no doubt hnve added
that to his argument. (Lin~msnn, 1941)(28)

The mest widely known work in the demonetrstion of ths fundamental
- corrsctnese of the theories of Wlliot end Dixon wss begun by‘ﬁttﬁ Loawi
in 1821 (29). Ha stimalated the vague nerve to an isoloted perfused
frog's heart end showsd that = substonce was liberstd into the parfusion
fluld whieh, when parfused throurh a sacond frog's hoart, vroduced slow-
ing of the reciplent heart. Sines strovine blocksd both ths effacts of
vagsl etimulstion and the affects of the nerfusats on tne donor hasrt,
he believad thet = chemical was belng libersted st th: csrdise vagsl
sndinge which wae «oting se tne trunsmititer from narve srding te sffector.

He later revorted work to indleoste thst his "Vagustoff® wne idanticel



with acetylcholine. He ghowed thet his "Vrgustoff®, like scetyleholins,
wes rapldly insctivated by tissene sxtracts or blood. In the process
choline wee formed in smounts compatible with the theory that Yegustoff?
was acatylcholine, and wae Insctivetsd by hydrolysis (30). The inecti-
vatlor could be blocksd by snzyme blocking mathods, such ss eold, hest,
or ulirsviclat ligut; thersfore he postulasted that e tiesus enzyme, an
gasterase, wans responsible, Sincs sserine potentisted the effects of
acatylchéiinﬁ end "¥Yaguetoff*, but not nileocervine snd choline, he con-
eluded thet eeerine was scting as & spscific anti-esterase (71).

Stedman, Stadmen snd Basson (32), showed that hle conclusions wers
ssmentially correct, thsat the tissue end blood contein »n estersse
gpacific for acetylcholine snd clossly ralated cholins esters. Using
" » chemical method of following the hydrolysis of acetylcholina, thay
ware sbls to show the anti~cholinesterasic sctlon of sserine in vitro.

Followins thaes sarly discoveries evidencs rapldly sccumulated
sugrasting that scatylenoling wae ths nmedlistor of rest of tha parssympe-
thatlic nerve endings, ss well as those symosthstic endingzs which vslé
in 1914 (22) bhed recognizsd se "musesrinic® in chearsetsr. Dsle in 1833
33) introduced the term "cholinergle" to deseriba the nervs ending type.
The effsctore mey bs divided into "cholinergile inhibitory™ =nd "cholinergie
excitatory”, dsosnding on whather they resct to nérvs stimulation or
acatyleholine by baing exclited or inhibited.

There was general sgrsement thet stropins, whieh blocked ths effeet
of nerve stimuiation at most of ths 9ar§symnathstie endings, without the
pravantion of sestylchaline liberation at thsse sndings, and blocked the

aff et of injected scetylcholine, was seting in both crses by sreventing



the action of scetylcholins on the =ffzcter, regerdleses of whether thet

setion wes exeltatory or inhibitory.(34}).

2. Literature on the effect of stropine on ths intsstines of the normal
dog snd mand ‘

The inhiblitory esction of atronine on the intsstinsl motility of the
intnct unsnesthetized dog snd men has beon studied by o nunmber of workers.
Ganter in 1924 (35) in normel men ueed a belloon-tipped rubbsr catheter
passed by mouth into the lower duodsnum and rstorded the rosulte on s
snoked drum by means of a bromoform masnometer. He found that 1 milligram
of =trovine subeutansously or intravencusly gsve gz mrrksd dron in tone
and amplitude of rhytheiesl contractions. @aﬁtsr and Stattmiller in 1924
(36) us2d & similor m.thod to record the movemsnte nnd tons of thes colon
in 2 patisnt with 2 ceecostomy. One milligram of atropine subcutansously
reduced the tone of the colon snd dscreased ths strangth of the ;hytnnical
gontractions. lﬁaekman end Barger in 1938 (27) by similer taehbnigue took
colonic nctivity records using satiente with cologtomies 2nd found atro-
pine in doses of 1/100 grain subcutsnecusly sn effective spasmolytic.
Theee methods do not determins grovulsive sctivity.

Herrin in 1936 (38) carefully studied the smotying time of the
stomsch followling dosas of 1 to 2 willigrams of stropine in healthy
medloal student@. Ha demonetretsd sn initis)l e~nd finel delay in the
enptying time which he sttributed to the vagal bBlocking setlon through
sntagonisn of liberatad scetylcholine.

Elsom in 1929 (32) in man followed = radiopmque nrogress meal
introduced by Hehfues tube into the dvodenum to elimineots the fastor of

the stomach emotying time, and found that smell doses of atrovine sub-

cutansouely, totelling 0.6 milligran for the entirs experimant, mors



toen doubled the time required for the zesl to resch the mid-colon
Bmploying Thiry~Vella flstulse in dogs, Gruber, Graene, Drayer,

and Orawford in 1930 (40) showed that stropins in dosaz of 0.5 nilligram

in dogs of ton Kllogrsme body waight »producss & decresse in tone and

rhythmical contractions of the fistulse. G:ilgley, Highetons end Ivy in

1934 (41) in the dog demonstreted s marked dsersass in the svesd of

bolus propulsion in ths Thiry-Vella fistuls followlng the subeutaneous

injection of atronine sulfsate in doses of 0.025 milligrsm ver kilogram

of body wolght., "Thore was o1 initisl lstent pasricd of =bout 8 minutesn.

The maximum action was reached »t sbout 7 hours snd action had £@rminﬁteﬁ

at 24 hours.



ALPSRINENTAL

b. Methods:

The following experiments are concerned with ths effect of atropine
~on the tonue and motility of ths inmtestinal loop "in situ®, both before
and after various extrinsic denervations. TFor this study two Thiry
fistulae were made from adjecent #agmants of jejunum in sech snimal.

The operations performed on the nerves are listed as follows: 1) The

vagl were cut in the thorax at the level of the lower esophagus, to thue
produce vagal denervation of both loops. 2) 411 the mesentery to ons

loop was cut, leaving only the veseels intact; these were carefully
stripped of nerve fibers and painted with phenol followed by alcohol.

This produces complete extrinsic denervetion only for the loop concerned.

3) The large splanchnic nerve wae cut st the diaphragm and traged from the
abdomen to its polnt of origin from the sympathetie chein in the thcf&x:

the sympathetic chain was removed from above that point on down to the lower
viumb&x reglon. This procedure done bilaterally produssd a preganglionic
densrvation of both loops, dscentralizing the vre-sortic genglias. 4) Veriloue
combinations and seguences of the sbove operations were used. In most

cases the preparation wae guch that the two loope in the same animal
differed only with regard to one set of nerves so that the relatiocn of

this set to the sensitivity of the intestine to the inhibitory action of
atropine could be determined.

The motility of the jajunsl segments was recordsd by the balloon~
mercury-manometer method described by Krueger (42). This method stimulestes
rhythmic contractions which continuve at four to five second intervals

for hours. The kymographic records show prescure changes which
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are recorded from the mercury manometer. The method records contractione
which are virtually'is&metria since & large variation in pressure is re-
corded with only & smell reduction in volume of balloon content. Under
theee conditions all loops, regardliess of the presence or sbsence of
extrinsic innervation, show strong rhythmie contractions.

The procasdure for psrforming an expsriment wae as follows. The
trained dog was allowed to lie umrestrained on the tadble while pressure
¢hanges were rscorded from emch intestinal loop. No drug other than
that being tested war sdministersd; no snestheiic was used. After a
period long encugh for the hsart rate to become constant and to sllow

for adjustment of the intestinel loops te the introduction of the
balloong, the hea
or fifteen minutes. Then 0.1 milligrem per kilogram of atropine sul=
phate dlssolved in one ¢c. of distilled water was injected subcutensously,
and the record continued until the full effect on intestinal motility
and heari rate was demonstrated. In soms cages the record wee continued
into the recovery period. Heart rate was determined from time to time by
counting the apex beat.
2. Hegultsg!:
The present studiss include an snalysis of 30 records from sixz dogs.
Our results indicate that the inhibitory action of stropine e
szerted independently of extrineic nerves, that the intestine is sense
itized to the setion of atropine by certain densrvations, that the
inhibition iz no$ produced by adrenalin or sympsthin, and that the doses
of atropine sufficlent to inkibit the densrvated locp is sufficlent to

exert an inhibltery effect on the action of aminimel intastine-stimulating
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doses of =cetylcholine or carbaminoylbetamethylcholine. Gvidence ie
prezented which sugpgeets that atrecine may be scting in the "classical®
rols of blocking intestinal stimulistion by secetylcholine formad enne

tinmuously in tha intestinss independent of sztrimsic innervetion.

A. Hormelly innervatad loops:

The subcutansous lnjection of atronine sulphsmbs in doses of 0.1
nilligram ver kilogram of body waight produced a gradusl onsst of inhi-
bition of the rhythmiesl contrsetions with 2 elight dscrerse in the
oressurs within the lumen. (Fig. 1.) It ie te be noted that tha two
loops with thair identical inﬁerVatiaﬂ ars influenced exmctly nlike, a
fact born out conslstently in =11 of the rascords.

Yranin=tion of tha rscords raveals that the hesrt rate does not
Eagim to inerzsee until after ths onset of inhibitisn of the intsstine,
indicating that the threshold for intestinsl effeets is below that for

eny bloecking setion on the cardlse wngus.

B. Influence of vegotomy:

It ie impossible to vrensre =n snimel so that nne loow is normal
while the olner leoy ies vegelly densrvated onlwy, or so that one loop is
completely denerveted extrinsicelly while the other has only its vagal
ianervation intect. In the absenca of this idesl situsticn for dstar-
mining the exset influencs of vagotomy, comparieon was made of tha effect
of a stondard doze of atrouine before snd several days after vagotomy at
the laval of tus dia@ﬁrr@m. Buch a compsrison showe that the sction of

strovine is undiminished by vagotomy. 1t cannot bs definitaly strted
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whether or not tnie procedurs produces sensitizstion to stronine. (Com-

pars figurs 1, unper racord, withi figure 34 end 2B) Under thees cone

ditlons stropins could not bs preducing intestinal inhibitio§ by blesking

& tonic sxeltstory setion of the wagus.

€. Comparison Qf the influencs of preganglionic snd postgenglionic
sympathectomy following vagontomy!

Figure 3 comperas the effect of siropine upon = comolstely extrinsi-
cally denervated loop and one heving only ites eympathetic innervstion
intect. It claarly shows that consldersble sensitizetion is vroduced by
vostganglionic sympethactomy.

Figure 4 1llustrates that vostganglionie symoathectonmy csuses grester
sensitization to sntropine then pregenglionic sympathectomy. ¥Ho situstion
could he anatomicelly crastsad whers ons of the two loops ratalnad its
complets syopathetie invepvation, whils the sther wae only nregsnglioni-
cally eympathectomized. Therefors, 1t was imposeidls to state definitely,
that oreganglionic sympethacteny produced sany seneitizetion, though such
sensitizaetion 1s suggested by comparison of some of the racorde obtained
in using st ndord dosss of atropine before snd =fter praganglionle
gyuratheotony.

Another method of detarmining whatner praganglionie sympathectomy
produces sensitizetion ies to comnars figure 3 snd figure 4. In theee
easas all the loops were vagally denervated, the differences being only
in symnathetic inrervation., If the records in figure 3 showed a greater
differance in sensitivity to stropine then the rseords in figurs 4, it
would indicate that pregenglionic symcathsctomy produces soms sansiti-

gation. However, in this cnse, it cennot be stated that pregenglionic
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sympathectomy vroduces definite sapsitizstion.

D, Influenca of gomplete extrinsic denarvationt

The recorde comparing the affszct of 0.1 milligram per kilogranm of
bedy waight on the normally innervated and on the maganterically densr-
vated loop (fig. 2) illustrats in every case that atropine depends on
no extrinelc innervetlon for ite charactaristic inhidbitory actimn; in-
stead, the Intestine le definitely ssnsitized to atrovina by extrinsic
danurvetion.

Several poseibllities will be considered concerning ths mechenism
of the inhibitory sctisn of atropins in £his case, |

Atroving might be cemusing the relezse of sdrsnalin ap sympathin
from other souress in the body. Younane 1928 (43} studiesd the affect
syupathin producad by rsctal stimulstion, se well as injestad aﬁrenaﬁin.
The seneitization produced by extrinsic densrvation wae more merked in
the cars of adrenslin snd sympetbin then ig the case for atropine.
Foreovar, » relatively large smount of esdrenelin is reguired to producs
such prolonged inhibition of densrveated intastine as is manifosted by
the doses of eiropine used. Youmane, Haney, e=nd Aumsnn in 1540 (44)
showad that the minlmsl offsctive blood eoncsntration of symosthomimetic
substanese for thé gnesding of the denervated heart and ths transisnt
inhibition of dsnsrvated intestine sro spprozimatsly squel. Thersfora,
if a given dose of atropine causes tha ralssee into tha blood stream
of sym;éthoaimatie substences in samounts sufficient to »roduce nrolonged
inhibition of the extrinsically densrvotad integtin:, the ssme doss of

atropine should ¢aise s marked incrasse in the rrte of the denervetesd
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heart. The doses of atronins need never speeded the denervated hasrd
in our swn exosriments. Brouhs end Nowak in 1839 (45) likewies found
that doses of 0.2 milligrax pver kilogram of body walght in dogs do not
produse speeding of the danervatad heart. Furtheramore, thare was no
dacro=se in the imhibitory =otlon of atropine on the denervated loop
in thoes doge with more exteneive svmrsthectomiss and with the edrensl
nedulle canterized. These facte susgest thet blood-borne sdranslin or
symnathin is not the eruse of the intestinsl inhibition preoduced by |
atropine in thoe dogee nused,

Atronina mient svert » blocking meotion rgeinet scatylcecholins formsd
locally in the intsgtine snd seting me 2 contlinuous #timulug for intasti~-
nal motility. Wo further clerify this voint, the minimzl effactive dose of
carbeminoylbatenothyleholine nscessary to oroduce » definits incrsase in
the motility of the bowel whan injectsd continmuously intravenously by
notor ﬂrivan‘syringa’w~q detarnined. It wes found thet atrovins in doges
of 0.02 milligrams ner kilogram of body welght, which only rertly in-
hiblted the denervaled loop, definitely dimished the rasponse to the
minimal effsctive dome of csrbaminoylbetamathylcholine. Also stropine
in the dosee ususlly ewployed, 0.1 milligram ver kilogram of body weight,
diminighed the briasf somen produged by ths intravenous injection of
snell doses of scetiylcholineg, 0.0285 to 0.N5 milligrew nar ¥llogrem of
body welght. The recovery of the sensitivity of the intestins to the
axeitatory asction of me tyleholing following stropinse, parsllsls the
return of lotsstinel motility. Thess rasults in&ieata that ths dosa of

stronine suffisient to vroducs Inbibition of the devsrvated loop is
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&iga effzective in exarting =n Intiibitory aectlon on stimulating offects
of winimal emounte of cholins derivatives. If atropine in these dosse
is affective peeinet these chollne derivatives arriving by bloed stresm,
it could be effactive sgeinst scetylcholine produced loeally and diffus-

ing leeslly in the intestine.



7
DISCUSSION

Gvidence may be found in the litersturs to indicate that scetyleho-~
line ig continually predoced in tha intostine "in siltu®, whether it he
innarvatad or densrvated. Lilkewisae the ilgolsted intestinal loop and
the glicaed inteetins have bsan ghown to oroduce acstyleholine.

Feldberg and Roesnfeld in 1933 (46), following dosss of esarine of
from & to 10 millipgrams, found a ssbstence indistinguichabvle fronm
ecatyleholine in the portsl blood of degs., Blooed frowm the Jejunum
showsd Ligher coneeniration of the substonce than Blood from ths colon
end stomaeh, whlle bload from the splenie, Jugule-r, and faworal veins
snd fomorsl srisry showed no dotectsbls smount. MFeldberg esuzgsstad that
tha continuous productlon of acetyleholine wap = funeticn of the intrinele
nsrve plaxue of Lus intastine.

Dals and Feldberg in 1924 {47) found an scetyleholine like substance
in the gastric venous bleod following vagel section. EStimulsticn of ths
periversl end of the out vasl brought shout s o fold inersass in tre
seatyleboline content of the gestric vencue blood., TFollowing ssrfuslon
with Liccka's solution, scetyleholine wes found in the verfusion fluid
bafors vagel stimulation snd wee incressed 2 to 4 fold by vamgal stimue
lation. The fact, obsarved by Dele, that lncresees in motility wers
correlated wit' incresses in acetyleholine outovut sugssested thet the
museularie rather than the mucoss was rasnonsible for the seetylehslins
output. Male suggectad that tha contlauocus production of scetylcholine

ithirough activity of the intripgic nlexue of the stomeeh was responeible.



for tie motility of the vagelly denervated stomsch.

Bunting, Meek spd Masske in 1%?5.(48) perfuged the smell intestine
of the dog with modified Looka's sclution end esarine end ohtalned a
concantration of scetylcholine-~liks subst%ncs in the affluent, equivalent
in setivity to a 1 to 100,000,000 concantretion of aecetylcholine. TFollow-
ing wvagal stimulation, the congentretion of seetylcholine-lile subatence
in the offlusnt increasad tenfold.

Bacg and Goffrrt in 1941 (49) renorted on the "bound™ rcetylcholine
content of tha various portions of the gastro-intestinal tract of the
dog, Thay found the content varied exactly as would bz sugrestsd by
Alvarez's "metabolie grrpdient", being higheet in the duodenum and upner
Jejunum, daecrensing in the iieum, lowsst in the colon and stomach.
Densrvation produced no Jdacreass in the soetyleholins contant during
thio first tun hsﬁra. thet belng the longest perlocd obssrvad; instaad,
Bacqg'e racorde show it to ve ineraa&eé. Anslyzing the venons blood from
verions osrts of the eserinizad dog's intastine, he found, in peneral,
in the innervated intestines a bassl output of free @catyichnlina corra-
-soonding to the contant of "bound" acetylcholine previously determined.
Intestinss extrinsicelly denarvated liberated aven larger swounts of
nnatglcholina into the vanous blood 24 houre leter,

Dikehit in 1938 (50) reverted on tue ncetylcholine - roduction of
the finoly eliced dog intsetine in warm Locke's solution, and found it
ggqusl to acatyleholins producilon in sny part of the narvous system,
{Table I snd II) Allowing visces of gut to remain in a reofrigerator

for 93 hours 1e belisvad to render the intrinsiec »l:xmg parmanently



insctive. Dikshit found such cleces of gut produced no =catyleholina,
though they esuld bs msde te show a tyolesl rhvihmierl contr etions,
whan susvsndsd in wersm Tyrods selution. He found ths relstivsly olsiue-
frea elirculsr mugele layer of the dog intestine -roducsd only chout 1/10
#g mach s the longitudinel layer. (Plg. &) The intestine: of ths gulnes
plg smbryo, sceording to hls results, bagen oroducing reetyleholire at
tis tins thet the Intrinsic cloxus s thought to beeoms functicpﬁl, and
ropidly stteined s level of production sgual to thet of the sdult guinea
nlg intestine,

Feldberg end Solandt in 1942 (61) found thst =cetylecholins lidberation
into the aserinizad garfnsiaﬁ fluid of isol~ted loops of rabblt intestins,
contracting in tpe porfasion chember, dscronssd ss sctivity decrsssed.
Fieces of rafrigersnted intastins which hed lost theilr sbility to synthew
size and libarate sestyloholine, sowetimas showed spontansous sctivity,
but hed lost thair normsl zeneitivity to atronine.

The evidence prassntad suggests thot the intastine possescse the
machanism for the produetion of physinlogieally significent amounie of
scetyleholineg in the absence of setivity of tre axtrinsic nerves. The
azget site of oroduction cennot bHa strted, but the svidence of Dikshit

ntrinsic

s

suggeste that it i: eithsr in tle ¢2lle and fihars of the
vlexus, the synapses of the intrineic plazus, or the neuro-mysl Junctione
of tus intrinsic plexus « or » eombinntion of sny or sll of these. If
the machaniem for the formetion and libaration of acstyleholine sxiste

in the intestinas, it sesme likely that m basal lavel of scetylchsiing
production and libaration nmey go on aven in tha sbeenca of reflax soti-

vity of the nervous ticsus vresent. Suech necatyletioline might ba »
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faetor in establishing the basel lavel of tonus, sxeitebility, nnd
activity of the mosele slaemants, ss well 28 the excitebility and acti.
vity of the neursl clemsnts of the inteetins and veristaltic setivity.

If this were true acetyleholins nroduction as & rosult of tha sctions

of the axtrinsic nerves would be euperimposed on this basal level. It

is »leo possible thet scetyleholine msy be formed snd relssgad from sites
not directly rslated té the neursl elements. That free secstylceholine

¢an be formed in the sbeesnce of callular function 1s kn wn from the wor®
of Nachmsnsohn =nd Machado, (52) who showsd with incubatisn teshmiqus, that
free acetylenolina can be formed by the use of axtrects of nsrvous tissus
znd homogenized nervous tiseue in which no intset cells sre ovresant.

The possibility that atrooins may axert the most of it: effact upon
the intestine indarendent of tha blocklng of ecetylcholine cannot bae
positively denind, thongh a sariase of soincidancas would have to be nostu-
lated for such an sxplanation. Studlss of Gasser im 1926 (B3) and van
Hsveld in 1928 (54) on the relrtively olexus-free circulsr musgcle layer
of the intestine showed inhibition of zetivity by stropine in some caaas.‘
but #&5 resuits rra uneonvineing. Furtiermore, thera was notining to show
that the muecla strins did not owe what activity they showed to secetyl-
cholins preductien. On the other hand, ze pointed out by Alvarez {55)
aven striatad susels, whieh dosgs not show rhythwie&l zetivity %in situ”,
developes rhytimical mativity under sppropriats 3@?ir¢%w9&£al eonditions.
Therefors, results obtainsd under such sbnormal environment may not be
usad te iaternret responsss of the intastine "in situ?,

In every exverimental situstion whare ths sction of atronina on

the intuetine in gharmeseclogicel amounts is eleer gut, the outout of
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Eigﬂifi@#ﬁt smounts of acetylchollne by the Intasting hme Yeen dsmon-
gtrated. The sction of strooine alens, snd ite interaction with
acetyleholine and assrine on the intestine ern bs sxpleined ss bloeiing
the effseis of lntrinsieally nroduesd scetylcholine. It is considared
tihat thie lg the most likely mechsnlen for the sctlen of =tronins on

toe densrvated intactine.
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SUMMARY

A brief nistory of the development of the presant day concsot of
the actlion of atronine st postgenglionle oarasympnthetlce nerve sndings
igvgivan. The experiments-1l work co&c&rning the nction of strovins on
the small intestin: is reviewad.

The machaniem of the inhibitory metion of mtrovine on the intesti-
nzl motility of the dog hes basn studled by recording from Thiry fistulse
by the belloon<mercury-manomebsr method bafore and after certzin onasrations
on the sxtrinsic nerves supplying the loops. Trolned, unenesthatired
dogs warae used,

Atrovine exerts sn inhibitory actinn on ths tonus snd motility of
the intaestine "in eitu’ independsntly of the sxtrinsic nervas. Vagotonmy
doas not reduce the intastina~inhiblting sction of stropins. Postgeng-
lionie sympsthectomy vroducss an inerssee in the sensitivity of the
intastine to the inbkibitory scetion of atropine. It cannot be stoted
whathsr sny such ssnsgitization is vroduesd by vagotemy or preganglioniec
synosthectomy.

Adrenalin or sympathin are not relsssed into the bleood stresm from
otier sites in the body by the doses of stropine used, blood born asdren-
elin or sympathin is therefors not ths cause of the intestinsl inhibition.

Atropine in tha dosss nead diminiehss the brief intestinsl spasm
produced by the intravencue injection of epall doses of scetyleholine.
Likewiss, even smaller doses of atropine diminish the response to minimsl
intestine-stimuleting ~mounts of carbeminoylbetamsihyleholine.

Bvidence is cited from the literature which indicates that mcetyl-

choline is continuelly vrodusad in the intz2etine "in situ?, whather it
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be innervsted or extrinsicslly denerveted. The most likely inter-
pretetion of the machanigm'af setlon of atronins is thet it blocus the
stimaletory sction of ascetylerolins producsd at 2 basal level independ~

ently of sxzirinsic nerves.
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FIOURE 3

These are balloon-marcary-manomstar recorde of intestinel
motility taken simultansounsly from two normally impervatod Thiry
fistulaa in the saws dog. Uhers indicated by the mrrow, a gub~
cutzneous injeotion of 0.1 milligrem of atrorine sulphate per kilo~
gran of body waelght was mede. |

The aumersls indloate the heart rata,

Time in ten second intervale is recorded by the lowermost troeing.

Fioums 2

In thees trecinge the uppar recording ip from an axtrineically
denarvated intestinsl loop, the lower from a normally isnarvated loop.
%here inéiuatad by the arrow, 5 subeutananus injection of 0.1 milligrmm
of atropine sulphste per kilogrem of body waight was wede.

The numersle indlonte the hasrt rate.

‘ Tins in & second and one minute Intervale ie indicated by the

tracing second from the bottom,
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FIGURE 3

fu tale 1ilustration the lower recording !s from a complotely extrin-

sloelly deporveted fletula, while the yojar regordisng is from s fistula

baving snly tie aympatietie vcart of 1te extrianslic innervation intset.
8 indientad in the scoomosnying lagend, records 4 & B show the eoffect

of atrapiees, =hile r»*:aecwé_s 2 & D show the affect of scovolemine,

FIALL &

¥hile this record wmes Staken with the ase of seopolamina, it doas
not differ in any detail frow sismilar recorde token with stroviee. The
Apper recording is from s flstulae completaly extrinsieslly decarvated,
whila the lower gecording is from a flstulae having only its vostgzsnglionic
syopethetics fntect. The injectiion of N.1 sge. ecopolsmins hydrobromide
por killogrsa body wolght wae made vhars indiemtad by the arrow.

The muserals indlosta tioo hesrt rate.

Tiwe 1s in ten second intarvels.
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EFrrect or ATROPINE AND SCOPOLAMINE ON THE Moriciry or A CoMPLETIN
DeNERVATED INTESTINAL SkayeNT (Lowker Recorp) ('OMPARED WiTH EFIECT ON A
NpaMENT HAvING Oxny I1s Vacan INNErRvaTION Destrovep (Uppkr REconrp)

Dog #3. A. Before injection of atropine. B. Maximal inhibition obtained following
injection of atropine, 0.1 mgm. per kgm. C. Normal motility several hours later 1)
Maximal inhibition obtained after injeetion of scopolamine, 0.1 mgm. per kgm.
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Frricr or Scoronsne ox rak Moriry or v Covereneny DiENery ven
Inte<rinar Seavest (Urrrr Recorp) Coupared witn Frrecrs ox v Seovest (how ek
Trcorm) Rervsisa Frs Conspottons wirn vk Pre-Xorreie Gasarry Waren Haove Bioes
DreciNrievirzen By Vacorouy, QeeascnNicorony, asb Luvpsag GaNarLioNecrown
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TABLE 1

After Dikehit, Qusrt. J. Hxper. Physiol. 28: 247, 1258

This tesbla ghows the seatylcholine production in the verious tissues
of the sane snseles, the deog., The tlssues THrs incubated in an seerinized
Locka'e solution for five hours; ths total smeebyleholinse content of =

gannle balng detarmlned at the bdeglonring and end of the incubstion perioed.

TaBLs 1X

After Dikehit
This ehows srecles varistion of nestylcholine vroduction by tigene
ineubstiop techniqus as well ze varlstion in seotvichwline nrodnetion

in wearious werts of the digestive trect of the sams snaciss.



TapLE 1.—SHOWS THE AMOUNT oF A.CH. FORMED IX § Hours BY 1 ¢.
or FRESH TissuE oF Dog.

————

ug- per g. of fresh tissue.

[

Tissue. (i) (ii) (iii)
Suspension Extraction in
in Locke’s. trichloracetic Difference.
acid.

brain cortex
basal ganglia
Nervous | spinal cord

tissue ) sympathetic ganglia
vagus nerve
| sciatic nerve

small intestine
urinary bladder
auricle

{ ventricle

aorta

vena cava
uterus

¢ pancreas
liver
spleen
Glands W testis

(1]
vwdd dadddca

Cardiac
and
plain
muscle

SSO oSS asd
BSOS hOn Sk

ovaries
kidneys
supra renals

Other {l‘mgs

tissues skeletal muscle
blood

COS OSOCOCO OO HAVOND
CO0 CCOCTOH OO —WH COB RO

OO COLOLOH OQQCOORD PG kMo

L

i 0: < than 0-25 ug.

TasLe II.—SHOWS A.CH. FORMATION BY THE GASTRO-INTESTINAL TRACT OF
DIFFERENT SPECIES. THE FIGURES REPRESENT uc¢. OF A.C. FORMED IN
5 Hours BY 1 ¢. oF FRESH TISSUES.

: Small Large
Rpecies. Lugpiact intestines. intestine.
Dog 2 5 3
Cat 5 1-5 4 2
Rabbit 1-6 5 15
Guinea-pig 3 10 4-5 |




TIGURE &

After Dikehit, Gusrt. J. Sxper. Physiol. 28: 243, 1938

Tuls racord illustrutes the method and resultis obtalnsd by Tikshit
for scetylcholing production in the relatively vlemue~frae cirenler
misela leyer of the dog intestine ss comporad with the longitudinal

mugcle layer.



F1g. 2.—Contractions of eserinised frog’s rectus muscle. Duration of contraction, 75 sec.

A: 1 g. of longitudinal muscles of dog’s intestine suspended in warm eserinised
Locke’s solution and oxygenated for 5 hours. .

B: 1 g. of the circular muscles of the same piece of intestine, suspended as in A.

C, D, and E: Acetylcholine 5 ug., 2 ug., and 0-5 ug. respectively.





