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THTRODUCTION

Langley ss sorly as 1901 (30) and Plliot in 1904 (20) concluded
that smooth muscle reacte $o adrenalin in a similar manner to that follow-
ing excitation of the sympathetic ($horacoe~lumbar) nerves supplying that
migele. On this basle, depending on whether the response to adrenalin
ig inhibition or excitation, smooth muscle may bs separated into two tyves:
Type I and Type 7. Advensrgicnlly inhibited smooth muscle or Type I is
found in the walls of the intestine, stomach, bladder =- exclusive of
sphincters «= and in the hﬁaﬁchi. Type ¥ or adrenergically excited smooth
muscle, on the other hand, corprises in part the nictitating membrane, the
ureders, the gall bYladder, the pilomotor muscles, %the retractor venis, and
the pylerie sphincter. The uterus, an organ fraauently used as an ine
dicetor for physiclogical reactions, whether pregnant or non-pregnont is
contrected in meny animale; but in the cat, rat, mouse, guinea pig, and
humen being, the pragnant organ alone is com$racted by sdrenalin, and the

none~pregnant organ is inhinited {12).

Interest in the study of amines related to adrenalin develoved
rapidly after the discovery by Oliver ond Schaefer (33) thet extracts of
sunrarenal glands produced a rise in blood pressurs, which led to the
subseguent isolation and identificetion of adrenalin by Abel (1), v. Purth
(48), Aldrich (2), end Takemine (42). DBarger and Dale (10) in their
classical study found that & large number of amines other than adrenalin
similated the actlon of sympathetic nerves. They coined the term "syme
pathominetic® in &aécwibing the action of such amines and designated a

bensene ring with & side chaln of two carbon atoms, the terminal one
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bearing an amino group { <:::>-¢-¢-44ﬁ, a8 the fundamental sympathomimetie
nucleus. PFollowing this study, verious investigatore have attompted $o
eatahliah ths potencles of many sympathomimetic amines with regard to
snooth muacle, 2y far the greatest number of experiments have been on
blood pregsure. At the present time the preseor responss is the routine
method for comparing potencies of sympathomimetic amines. However, pres-
sor ragpoﬁsea involve reactions of several effectors and give na.;néiaatiaﬁ
of ralétiva potency in single effectors, The determination of the polency
of a sympathomimetic amine on 2 glven smooth muscle requires a bioassay on
that muscle or other muscle of the same tyve., Bacqg (?; 8) has stulied ths
actions of a serles of amines on the mictitating membrene, smooth muscle
of the excited type. Tainter and coworkers (14, 35, 46) have completed o
gindy of the'actiona of amines on the bronchi, smooth muscle of the inhiblte

el type.

The action of vhenylsthylamine derivatives on adrenerzically in-

hivited smooth muscle will be considered in this peper.



. ‘T%f simplest sympathomimetic amine is Bwphenylethylanine

{(:::)4;-Q~F1—H ), known since 1875 when it was prepared by Columbs and
Sulea Q;ggt Barger and Dale (10} recognized the compound ne a sympathoe
nimetic amine, They found that 1% produced a rise in blood pressure,
dilatation of the pupil, relaxation of the cat's urinary bladder, and ine
hibition of the tone and rhythm of the virgin cat's uterus. It possesses
the minimal skeleton asccording $o their definitlion for sympathomimicity.
Hot all the studies, however, are in accord with those of Barger and Dale.
Chen et al (16) moticed that in some instances inhidition of the isclated
intestine resulted, but that the ususl reaction was exeliation. The virgin
guinea pig unterus was contracted. Patek and Thienes {33) observed that
this smine, in concentrations of 1 to 20 mgm. per 100 cc., of perfusing
fluld, contracted the isclated intestine of rabbids. kTh@ response of the
non-pregnant rabbit uterns was contraction or rslexation, while the response
of the non~pregnant guines plg uterus was contraction in concentyrations of
1 to 30 mgm. per 100 cc. of perfusing fluld, In exveriments on the intact
uterus of non-pregnant cats, Barbour (9) discoversd that relaxation re-
sulted with a dosage of 10 mgm. or over. Inhibition also occurred with
the isolated non-pregnant guinea plg uterus. Alles and Prinsmetal (5)
obgerved the broncho-dilator effect to be about 1/50 that of epinephrina,
tat Tainter (45) rapdrtéﬁ the compound ineffective in relawxing bronchial

spasn,

The introduction of & secondary aleoholic hyiroxyl group on the

first carbon atom of phenylethylamine produces phenylethanolamine,
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OHH M
((:::3»@-q-¢i: )}, a compound one step closer to sdvenalin, Barger and
HH H

Dale (10) comcluded that the activity of this anmine &id not differ notice-
ably from phenylethylemine. Tainder (44) reported the action on the
brenchiel musculature to be irregular and rather ineffective. The inbage
%ines of rabbits, cate, and dogs responded with inhibition in wive and in
vitro, He drew the conclusion that phenylethanolamine was less thanm 1/1000
ag active as sdrenalin. The response of the isolated non-pregmant cat
uberus wes contraction, Chen et al (16), likewise, obtained inhibition
of the isolated rabbit intestine and contraction of the virgin guines pig
uterus., Alles (3) made similar observations, deciding that the OH group
in the nide chain decreased the toxicity and increased the activity as
indicated by comparison of its mctions wﬁtﬁ those of vhenylethylamine.
Hoyt et al (27) elicited contrsction or inhibition of iéolate& sagnents

of rabbit ileum and of the non~pregnant vrabbit and gulnea pig uteri,

Epinine, s compound which differs from adrenalin only in lacking
the aleoholic hydroxyl group, illustrates the importance of this group to
the smooth muscle~inhibiting Punction., Barger and Dale (10) found that
epinine is a good inhibitor of the nonepregnant cat nterns. Its relative
potency as a broncho-dilator has been deternined by Tainter et al {46).
'Ejdrﬁ (26) discovered that epinine was 1/10 as sctive as adrenalin on
the dsolated rabbit intestine and 1/100 as effective as adrenslin on the

nherusg,

The introduction of phenolic hydroxyl groups in phenylethylamine

intengifies sy@pahhmmimetic sction, DBarger and Dale {10) were the first
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to investigate the roles of these grours. They obtained maximal activity
in 3«4 dihydroxy or catechel derdvatives of which adrenslin {tself iz a
mamber. In comparing the three nonohydroxy derivatives of phenylethylamine,
they observed thai the ortho derivative was no more active than the phenyl~
ethylasine itself. The mets and pars compounds were equally active and
about five times more potent than the parent amine. The non-pregnant

eat uterus and hlood pressure were used as indicators.

HH
Tyranine (OHC >-C-GNHY, or p-hydroxyphenylethylanine, is
HH

ens of the simplest phenolie hydroxy sympathomimetic amines, Iike vhenyle
ethylamine, its effects on adrenergically inhibited smosth miscle apneay
to be variable and indefinite. Ouaglisriello (36) and Makowura (31)
reported that inhibition occurred on the rabbit intestine. Tainter (43)
obtained contraction with 18 out of 19 strips of isolated rabbhit intestine
using 0,0004 to 0.04 per eont solutions. Concentrations hisher than

these devressed the activity. In the eat, the ususl reaponse of the
inhastina to the amine was inhibition. Intact rabbit and dog bronchi, and
the non-pregnent uterus of guinea pigs rescted warisbly, Seidenfeld and
Tainter (39) made observations in which tyramine augmented 28 strips of
rabbit intestine and inhibited 6 in concentrations from 113500 to 1:100,000,
Barbour (9) &@tarm&nei the mininal effective inhiditing dose in cets to

be one-tenth that of phenylethylamine.

Monohydroxy phenolic compounds recently introduced for elinteal
use include synephrin, synephrin ketone, and neosynephrin., In a study of

the effects of thase amines on the bronchi, Tainter (45) found that
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synephrin ketone and synephrin were ineffective, Heosynephrin was rated
Qﬂéutwentieth as gotive éa'adrenalin a3 a broncho-dilator of perfused
guinen pig %ungﬁ.v In dogs neosynephrin was a eompa?u%ively poor broncho-
dilator (14). For tha'isolaté&_inﬁestine. synephrin (45), synevhrin
ketone (45), and nﬁeﬁynephrin (13) have been found to be much weaker
inhibitore then adrenalin.

Flphick and Cunn (zi)vand Epstein @é al. (22) methylated the
hydroxyl groups of tyramin@. phenylethanslanine, synephrin, dihydreoxy-
phsnyietﬁylamine, and adrenslin. They investigated the inhiviting sction
of these various weéha:w anines on the non~pregnant cat's uterus and on
the intestine of cate and rabbite, as well as the presscy responses,

They discovered that the rresence of one muclear methoxy group did noi
entirely remove sympathomimetic action. he presence of two or three

suth grounss removed the aciion entirely. The addition of the nethoxy

out apperent gqualitative alteration of actions,

Methylation in the amino groun of Bephenylethylamine, tyramine,
and phenylethylamine has little effect on the Inhibiting action on the
- hom-pregnant cat's uterus (10). A second methyl groun, as determined by
a somparison of the broncho;dilater actiam of tyramine with hordenine,
works to further dissdvensage (4, 25)., This is also illustrated vhen the
inﬁgﬁﬁingaﬁfhibétfng potenty and broncho-dilating potency of msthadren
(0H<:::>&}¢--N: ) is compared with the votemey of its mono~methylaning

BH CH,
derivative, sdrenalin (50, 41).
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?hatvcatachel methylamino-basses have & far more pronounced ine
hivitory action on the virgin and non-pregnant cet uterus than any ﬁthars,
was an ovservation made by Barger and Dale (10). For the iaalataﬂ'int69§ine,
hovever, these investigators aﬁé'etharg {23) have found that the commound
arterenal,‘which differs from adrenalin only in lacking the methylabian of
anino group is almost as potent an inhivitor as adrenalin, Taintervan&
coworkers (45, 35, 14) rank the broncho-dilator rotency of arterenol very

close 0 that of edrennlin.,

The following study is concerned with quantitative comparisons of
the responses of intact (51) and of 1aalétaé intestine (6) %o & series of
six sympathomimetic smines. These amines differ from adrenalin by lacking
one or two of the four groups that distingoish adrenalin from vhenylethyl=
amine, the fundemental sympathomimetic mucleus. These responses are compared
with raauits of quantitative studies of the same compounds acting as broncho-
dilators (46, 35, 14) to show the similarity of the two tyves of msole,
Similarly the results ars compared with those obtained from studies of the
stimulating action of these compounds on the nictitating memdranes t¥e £
Thus, an oprortunity is presented for the deteotion of differences between
aﬂrénergiaally inhivited smooth Euﬁﬂl& on the one hand, and adrenergically

excited smooth muscle on the other,



MATHODS OF S7T00Y

A  THE INTACT INTESTINE.

The motllity of Jejumel segments made into Thiry or Thiry-Vells
loops was recorded by the balloom-mercury-msnometer method descrived by
Krueger (29). A bslloon placed in an intestinal fistuls was comnscted by
means of rubber tubing to one arm of a mercury manometer arrenged in the
usual manner Yo record on a smoked drum. 3Balloon and tubing were filled
with enough water %o record the tonus and rhythmic activity of the in«k
testinal segmont. Hach of three of the six dogs used had one innervated
and one denervated Thiry leop. Three doge had imnervated Thiry-Vella
fistulae, one of which was subsequently denervated. The denervation was
carried out by cutting the mesentery, cleaning the mesenteric dlood ves-

sels of nerve fibers, and painting the vessels with phenol,

Intravenous injée@imns at various constant rates were mads by
means of an electric motor geared to s round shaft on which was mounted
& gmall adjustable drive. This drive rotated a large brass dise, the
axle of which was geared o a2 screw that moved the plunger of a syrings.
The speed of rotation could be altered by moving the drive on the shafs.
The fastest rotation was obtained by having the drive as near to the
center of the disc as poseible; the slowest, by having the drive out to-
wvard the periphery as for as possible. (Sea Pig. 1,) In this manner,
the rate of injection could be inersased by any inerement from 1 %o 4 co.

per mlnute. For sach compound = dilution was found which was near the

threshold for producing a short period of inhibition of the intestine
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when injected at a rate of 1 ce. per minute. Injections were maintained
for a peried of from one to eight winutes. Acidified stock solutions of
the somgannéa were kept in the refrigerator. éaluziona for injection
were prepared by introducing the necessary amount of the etock solutlons
into 100 cc. volumetric flaske and filling %o the mark with physioclegical
a&iine buffered at a pH of 4.9 to 5. No solutions were used which showed
discoloration. No loss of potency was found in ths stock solutions which
remained dolarlass. Injection of the diluent alone had no effect on

intestinal motility.

W,
o

Fig. 1 Constant injection apparatus.

The compounds studied were l-adrenalin (Parke Davis & Co, ),
dl-arterencl (Vinthrop Chemicel Co.}, epinine (Burroughs-Yelleome & Co.),
kephrine (Alba Pharmsceutieal Co.), l-neosynephrin (Frederick Stearns &

Co.) and Alesynephrin (Frederick Stesrns & Co.). The nemes of the amines,
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their veristion from adrenalin and the struodurel formulae are as followss

1.

2

4.

8.

&,

l-Adrenalin.

Arterencl, lacks the CHz group
on the amine,

Heosynephrin, lecks the para OH
on the bhenzene ring.

Fpinine, lacks the OH group on
the carbon chain.

Rephrine, has a ketone group in
place of the OH group on the carbon
chain,

Synephrin, lacks the mete OH
group on the bhenzene ring.

O OHH H
OHC -GG =N=-G-H
H H H
OH OHH H
O D€ --C--N-"H
H H
O s s R
-C~-C--N--C--H
HH H
g ol i
OHC D G-C--N-¢--H
HH W
OH OHHH
OG- -C--N-¢-H
H H
QHH H
O D-C--C--N-¢-H
H H H

The sasge in preparing the indieator, the regularity of response

t0 equivelent dosage, the great sensitivity, the absence of snesthesis,

the ease of recording, and the fact that the same indicator can be used

for the entire series of compounds make the intact intestine extremely

well sulted for the dioassay of sympathonimetic amines.

That these intestinal responses are those of a single effector

systen, smooth muscle inhibited by ites adremergic nerve supply, is based

on the intervretation that the compounds inhibit by direct action on the



11
amooth mugele, Severe ischemia of the intestine inhibits its motility (11),
but several facts imdicate that blood supvly is not the factor responsitie
for inhibition of the intestine in these experiments: 1. The most mari-
el ischemia possible, such as may be obtained by obstrueting the sorta,
requiraa st least 8 gseconds before ﬁra&éaing inhibitory effects (11).
fachemia following intravenous injection could not begin te develon before
one circulation time, or at leasst 12 seconds. Therefore, even if maximal,
ischamia could mot be a fmctor until at least 20 seconds after the begin-
ning of the injection. However, injections of the amines typically produce
maxinsl inhibvitory effects within 12 o 15 seconds. 2. The inhibltion of
the denerveted intestine is produced by some of the compounds when the ine
jection rate is below threshold for blood pressure effectss 2. Plethysmo=
graph records show that the intestinal motility will remain inhibited
following an adrenalin injection even after such raéor&ﬁ indicate that the
intestine has bhecome hynersmic., 4. One of the best vasocomstrictors of

=
e, B, The

P

2 mL. & i B
I v AneEs

the group is ens of the poorssi inhibitors o
effects of the compounds sve qm&li&ativaiy the same as the effects of

sympathetis nerves to the intestine, an effect shown by Bayliss and Starle
ing (11) to be independent of vasoconstrictor action. 6. The effects of

the compounds on the intect intestine are gualitatively identical to the

effents of adrenslin on the isclated intestine.

The compounds, with one excepilen, cheracteristically produce
effects on the intestinal motility within o period of less than two clr-

gulation times, 1hdiaating ghat time for building wp a concentration in
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the blood was not requlired. All of the compounds are of the zenersl
formula which has been showm %o be suscentible %0 rapid enzymatic des-
truction in tiseues (37). lNoreover, Rogoff (%8} has found that continuous
intravenous injections of adrenalin at rates several times as fast as any
used in thess experiments ls not accompanied by an increasesd adrenalin
content of the blood recoversd from the adrenal wvein. Thers is nothing to
indicete that the differences in injection rates are not an index %o the
differences in the cnnaentrationsvraaching the in#as&ine except in the
cage of the two least potent compounds, ‘These appgrenﬁly‘must be injected

rapldly encugh to exceed the rate of enzymatic destruction,
B. THE ISOLATED INTESTPINE.

The motility of isolated segmenis of the duocdenum and Jjejunum
of recently killed rabbits was recorded by o modification of the techais
nsed by Stewert (40). The strivs wers suspended in oxygenated Locke's
golution and resnonses wers recorded by means of a light muscle lewver
which wrete on 2 smoled drume The effect of 2 cerbain dilution of adren-
alin on the isolated robbit intestine was determined, and & dilution of
each of the other compounds was found $hat would duplicate the inhibitory
effect of the test dilution of adrenalin. The test dilution of adrenalin
. was ueunlly one part in 20 million or one part in 40 million. The comvounds
wvere tested in various orders and in some cases the entire series, except

aynéphrin vas tested on Lhe same Iintestinal segment.
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RESULTS
A. INTACT INTWSTINE.
I. Oualitative Wffects of the Comvounds. All of the compounds

were found to inhibit the rhythmic contractions and decrease the fomus

of pither the innervated or the denervated intestine when glven in s cone
centration sufficiont to produce eny effects on the intestine (Figs., 2-7).
Ho injection rates were found which caused an increase in the motility of
the intestine during the injection. Hyreremolility commonly occurred dure
ing the recovery phase following the end of the injection. This recovery
phage may be the most consricuous femture of the record when the injection

time ls wvery short.

The characteristic effscts on intestinal motility are as fol-
lowet 1, After a short latent period equivalent to one or more circula=~
tion timse there appears a reduction in the amplitude of rhythmic cone-
trections and e decrease in tonus, The rapidity of onset of the inhibition
produced by a glven compound is deprendent on the injection rate. Of =
total of 308 injectionsz, 76 were below the threshold for producing effect
on intestinal motility. Of the remalning 234 injections at warious rates
ranging from barely thrasheld $o five or six times the threshold rabe
the period from the beginning of the injesction to the beginning of in-
hivition had a duration of 12 to 20 seconds in 51 per cent of the in-
Jections, 21 to 30 seconds in 18 per cent of the injections, and longer
than 40 seconds in 10 percent of the injections. One~half of the latter
oseurred with injections of synephrin. A bullding up of $the concentration

of this compound in the bdlood during continvous injections iz $o dbe
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expected because of the high concentration which must be injected. It

is very lilkely that synephrin and »ossibly neogynephrin are less potent
than the figures cohtained by constant injection methods would indicate.
2. If the injection of any one of the compounds, other than synephrin
end neosynephrin, be continued at a rate two or three times thal re-
quired to produce inltisl complete inhibition, & "breaking through" the
inhibition occurs after a few minutes. The intestine tends to recover
normel motllity during the continmuation of the injection. The hrealking
through appesarg later with the higher injection rates, Therefore, the
duration as well ne the degres of inhibvition varies with the rals of
injection used. Breaking throush dces not appear as readily with some of
the compounds as it does with adrenalin. 3. Vhen the injection is stop-
ped, the intestine begine o recover from the inhibitory effects of the
compound within o cireul&%ion time or twoe. The amplitule of rhyvthmic
contractions showe a gradusl increase %o "normel" or greater. A4 tomus
vave commonly accompanies the hyper-motility. In general, the hyvper-
motile recovery phase is more likely to occur in the denervated than im
the innervated Intestinal segments. If a glven segment showe a hyper-
motile recovery @h&ﬂa following adrenalin injection, it ordinerily shows
it slso when recovering from the effects of the other ﬁampaunﬁs; When

a second injection, identical in rate to the firet, is Yegun during the
recovery phase, the inhivitory effects resultiag from the second injection

are less than those resulting from the first,

It has already besn shown that the effects oa the iatestine of

reflexly activated adrenergic nerves, or of the sympathin produced by them,
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are indistinguisheble from the effects of adrenalin (49). However, the
intestinal effects of adrenslin are not characteristic of sdrenslin alone,
Since the mediator of impulses at advemergic intestinsl nerve endings is
considered to be adrenalin or a similar compound, it appears unlikely

that these nerves could ever perform anything dut an inhibitory Function.

11. Sensltization by dgnervation. Hypersensitivity to sym-

pathominetic amines has been amply demonstrated for smooth musele of the
tyne that contracts in response to ndrenalin (24). Hypersensitivity to
adrenalin has been demonstrated inm the intact dog for smooth muscle of

the type that i= relaxed by adremalin i&?). The denervation of intestinal
gmooth musele sensitizes 4t also 4o the inhibisory effects of sach of the
conpounds studied. Sensltization iz illustrated in figures 2 to 7. These
records were taken simultaneously from innervated and denervated fis%uias
in the same snimpl. For esch of the three animsle having both innervated
and denervated fistulae an injection rate for any one of the compounds
could be deternined which would produce complete inhibition of the de-
nervated segment without significenily affecting the innervated one. Ths
sensitivity of the intestine 1s incressed by the postganglionic denerve-
tion so that 1¢ 1s 2 $o 8 times wore sensitive than normal, In one an-
imal the sensitivity of a short Thiry-Tella fistula was studied. The loop
was then denervated by doing s laparotomy between the $wo ends, 1ifting
the mesenteric pedicle on a rod, and cutting evmrwthing in the pedicle
except an artery and two veins. The vessels were then cleasned of nerve
fivers and painted with concentrated phenol followed by alcohol and saline.

Records talten between 7 and 14 days after this operation showed that
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complete sensitization with regard %o all of the compounds had been
attained, the ssgment being 4 o 8 times as sonsitive se before the do=
nervetion. The seneitivity to adrenalin was recorded during the next
few weelts, and no further incresse in sensitivity occurred, Sensitiza~
tion of the intestine develops fully ss rapidly as the sensitization of

the nictitating membrane (24).

II1.

The lowest adrenalin injection rate sufficlent to produce a few seconds

of complete inhibitlon in the four densrvaied segments studied was between
0.0001 and 0,0002 mgm. per kilo per minete, Thie is abous one-half the
ninimal pressor dose reported by Dragstedt et al. (18), for dogs under
similer conditions, The threshold inhibvitory dose for the other compounds

can be caleunlated by smltiplying the figures in $able 1 by these walues,

In the last column of table 1, the extremes are listed for %hé
inerease in injection rates that were necessary for each of the compounds
in order to oroduce a degree of intestinal inhibition comparable to that
produced by test doses of adrenalin. Resulte ore tabulated for six in~
dicators, The reciprocal of the mumber indicates the potency of the core

responding compound ae compared to that of adrenalin,
Be RESULTS OF THE ISOLATED IVTESTIHD.

Cualitetively, all of the commounds had effects on the isolated
rabbit intestine similar to those caused by zadrenslin., (See figures 8-9.)

There was inhibition of rhythmic contractions and = decrease in tonus,
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Ryperactivity was sometimes observed following the inhibition. The
hyperactive recovery phase was most marked following neosynephrin,
adrenalin and arterenocl, and has been previously reported for the latier

twe compounds (23).

The potency of the compounds as inhibitors of the isolated in-
testine relative to that of adrenalin is shown in table 2. The figures
are tabulated for 10 segments, The extremes obtained from segments of
nine rabbits are listed in the last column of the table. Rach compound

vas assayed at least 8 tinmes,

TABLE 1

Humber of times the injection rates for each of six compounds must be ine
creased beyond that of & test dose of adremalin in order o duplicate the
degree of inhibition of intestinsl motility produced by the sdrenalinm,

Dog| Dog | Dog | Dog
Dﬁg 3',, ng 3:‘ 3' %b, é-‘ﬂ:. §‘ BG@; 6; @X"

Dep, | Dop, | Dend Den. | Inn,| Inn.| Inn, | tremes

Adrenaiin (1) 1 il 1 1 1i 1 1 1
Artersnol {dl) 1i=4| 1i=3| 2| 2k-3 2 2e2i | 1im4
Tpinine 1 10| 10-20| 10| 10| 10 15+25 | 10-25
Heosynephrin (1 100| 100| 50 25 40 25 [25-50 | 26-100
Kephrine 50-100|50-100| 33 25 40 50 | 25-100

Synephrin (41) 1,000| 1,700| 660 | 2,500 | 1,500 | 2,500(1,000 | 660«
2,500




TABLE 2

Relative potency of six amines as inhibitors of the Isolated Rabbit Intestins

SECHINT NURBERS T Tz

Compounda il #2 93] 4| #6] 96 [#7] 28 [ 79 | 710 hremes
Arenalin (1) 3 il1 3 1 1l1 1 i 1 1
hrterencl {(dl) [l~8 1iw2| 2| 1li=2 13w2 112
Neosynephrin (1) 810 8-10| 4-10| 4-6|4%| 10% g 4=10
Tpinine | 10-12 10«15 (15«20 10 10=-15% 10=20
Kephrine Z0w50 | 20«40 | 20-30 25 2080
Synephrin (41) AR 00(1500- 5000 | HO0-

1,000{ 1,000

*Indicates single trials. All other figures are based on two or mors assays.

TABLE 3

Extreomes for the mumber of times injection ratee for each of five compounds
must be incremsed beyond that of a test dose of adrenalin in order to dup-
licate the degree of inhibition of intestinal motility in dogs produced 'hy
the adrenalin (Col. 1), Relative potency of the compounds as inhibitors of
the isolated rabbit intestine (Col. 2). Guinea pig broncho-dilator sctivity
ratio (Col. 3).* Broncho~dilator action in dogs (Col. 4).** Relative po=-
jency as canﬁxv&cwrn of the c¢at nictitating membrane {(Col. 5).**® Pressor
Ratio (Col. 6).*

|i (TYPE 1) KTeen B) | (MIXED)
Conmoounds ntestine | Intestine|CGuinea Pig Dog Hictit. | Preusor
Adrenalin (1) 1 1 1 g200 1 1
Arterencl {d1) 1.5=4 1e5=3 ol |pedMod.) 10«30 | 1.2
Heosynephrin(l) 25100 4-10 20.4 |4 TPoor) BBt | 4u3
Epinine 10~256 10-20 0.5 |44 20 12
Kephrine 25-100 2050 - 6| 150
Synephrin {a1) 'ssmg, 500 500-1,000| Inef- | Inef- | 30-120| =300
fectivel fechlivel

*Date from Tainter, Pedden and James (46)
‘*®Date from Pedden, Tainter and Cameron (35)
*%8Data from Bacq (7, 8)
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It is well recognized that quantitative biologleal studies
used in evaluating relative potencies of sympethomimetic amines must take
into consideration variation in charscteristic responses in different
species of animals, influence of ewverimente)l conditions and procedure,
and the mechanism through which a compound produces its effect. It is
an advenitage, therefore, to study the same a&r&es of compounds by more
than one method. In the study on the intestine in situ, for example,
effects on the indicator may nossibly be interpreted as being due to
ecirculatory changes or reflex neurohormonal discharges produced by the
injection of the amines. When isolated intestinal segments are used,
these factors are eliminated. Howsver, the six compounds studied by
tﬁe latter method 81l had effects qualitetively similar %o those on the
intect imnervated and denervated dog intestine. The correspondence both
in the order of potency and the potency relative $o that of adremalin
wag almost complete with the single exception that neosynephrin ranked
higher a8 an inhibitor of the isolated rebbit intestine than as an ine-
hibitor of the intact dog intestine. Such a concordance indicates the
similarity of the smooth muscle of the radbit and dog intestine., It fur-
ther supports the interpretation that the action of thess amines in situ

and in vitro is directly on the smooth muscle.

When, as shown in Table 3, the intestine~inhibiting potencies
of these compounds ars compared with the broncho-dilating potencies,
thers 1s concordance in the order of activity of theee amines on the

isolated rabbit inteetine and the perfused guinee pig bronchi. The
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same is trme in comparing the intact dog intestine with the dog bronchi
(46, 35). The relative potencies of these amines om the intestine and
bronehi vary, however. This waristion illustrates a 4ifficulty in come
paring smooth muscle located in different organs: In experiments on the
hronchi other drugs slong with the amines vers geployed in srriving o
the relatlve potencles. Broncho-constriction was First prodused dy nilo-
carpine, histamine, or herium chloride. After the control constriction
produced by a glven volume of the constrictor drug alone was ascertained,
the same dosze of the conmstrictor druz together with 2 gziven amouvat of the
amlne was injected, and the dilating potency was caleulated, It is
possible that such a vrocedure in which additionsl drume were used, may
ageount in part at least for the variations in the potency of the amines
on the bronchl and inﬁagtinﬁ, gines in the latter determinations no cther
drugs were used. The consistent relationehip in the order of activity
of the amines, in spite of the diversity of procedure is significant,
strongly sugzesting thet the smooth musele in these $two differesnt struce

tures belong %0 the same type.

The moat important group of the adrenslin molecule for intes~
tinal and bronchisl smoothemuscle-inhibiting function, is the meta OH
group. This is indicated by the extremely low potency of symephrin which
differs from adrenalin only in lacking the meta OH group. Next in order of
izportence are the para O grouwp and secondary sleohol OH, In the ine-
tact dog intestine and bronchi the para OH group plays a greater role in
inhibition than in the isolated rabbit intestine and in guinea pig bromchi.

The lenst important group for inhibition of these indicmtors is the ~CH,
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group on the nitrogen atonm.

“hen several groups of the adrenslin moleculs are removed,
but the nucleus is left intaet, the inhibvitory functions of the resulte
ing compounds are much less than in those with just a single group lack-
ing. Phenylethylamine, & sompound lacking four groups, is less astive
than any of those missing hree groups (tyramine and phenylethyanolamine).
The ones lacking three groups are weeker inhibitors than any of those
having one group removed in the series studied. Vhether the poteney of
& eompound, se effected through the removal of groups, is diminished by
the sum or by the product of the potency of the respective groups i3 a

problem requiring investigation.

Cusntitative rasios representing the effect of these amines on
the uterus have not been assigned. Barger and Dale (10) working with the
virgin eat utervs, which sives a pure inhibitory resvonse o stimalation
of the Wypogastric (sympathetic) nerves, found that the CHg group on the
nitrogen was a relatively important one. This was true also for the non~
pregnent uterus. However, the non-pregnant uterus is considered by sone
to contain a mixture of motor and inhibitory elements, sv that the ef-
feet produced covld be the algabraié: sun of fwo eppoeite effects.

Greer ot 81 (13) have reported a differentisl effect botween uterine
responses elicited with leadrenalin and dl-arterencl which Purther points
to the CHz group as an importent one in uterine imhibdition. In cases
where l~adrenalin gave s very marked relazation, an squal dose of dle-
arterenol usually gave no response or slight relaxation. If lendrenalin

produced moderate relaxation, no response or even a slight contraction
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was observed with dleasrterencl. Finally, if leadrenalin gave only & slight
relaxzation, dl-arterenol freguently caused s definite contraction. Another
peouliar situation which the uterus presents is the reversal of response
upon the injection of lipoidal extracts of ovary (46) snd of progestin (28).
Typically the non-pregnant uterus is inhibited by adrensliin, Injeetion of
lipoidal extracte of the mature corpors lutae or progestin will change

the response %o adrenalin to contraction. The difference in the impors-
ance of the CH; group and the progestin reversal reactions indicate that
the nterus, vhile similar %o other smooth muecle in Type I in many res-
pecta, differs in other resctions. The poseibllity of a subetype of ade
renergioelly innervated smooth muscle exists, and the uterine responses

may warrant including it im this physiological sub-type. Hecles {19)

has stated thet It seoms possidble that the transmission of nerve impulases.
to the uterus is entirely chemical while in the case of other smooth
mugcle Pransmission is soccomplished both by the action current and by the

chemlcal masdiator.

Ag indicated in table 3, neosynephrin is placed second and
arterenol fifth in order of potency as mia%itaﬁing membrans-coniracors.
The para OH group is least important and the CHz group on the amine highly
important for excitation of this type of muscle. Such zn inconsistent
relationship between the smooth-muscle-relaxing and the smooth-rmecies
exgiting function 4s in sccord with the pagtulat&an of at lsast two types
of smooth muscles (Tyve I and Type 1) with regard to receptive mechanisms.
The order of potemey for s mixed responss, of course, camnot be expectsed
to be consistent with elther type of single-effector system. In the lass

colunn of table 3 pressor ratios for these compounds are tabulated (44),



Tharapeutically, it woeuld be an adventage t¢ establish the
physiological elassification of smooth muscls and the potency of
various amines with regard teo thesze physiological types. A compound
gonld then be chosen to obtain the desired effect on smooth muscle of

ene type without any marked reactions on the other type.

The resulis of this s%’z;&y may well have an impertant besving
on the theories of chemical mediation in the sympathetic nervous systen.
Aceording to Cannon and Nosenblueth's theory (15), imhibition is brought
abeut by the liveration of adrenalin (M) which combines with 2 chemical
(1) provided by the effector to form “inhibitory sympathin® (NI}, Sym=
pathin I acts on smooth muscle locally and may pass into the blood
strean to relax esmooth miscle of this seme $ype. Emitmion is brought
ahout by the relesse of adrenalim (M) which combines with a svbstance ¥
praﬁde@ by this effector to form "excitatory sympathin® (¥8). Sympathin
E, likewise, acts locally or may enter clreulation. This th inplies
that there are $two and only two physiologieal types of smooth mmecle,

It has already been indicated in thies paper that subclassification of ome

of these types ls necessary.

Basq (7, 8) first postulated that several catechol amines, such
as spinephrine, dihypdroxyphenylethylamine, or arterencl, might serve ae
mediators., Sympathin I, he suggests, may correspond to adrenalin and
sympathin © %o partially oxidimed adremalin, Oreer et al (23) took w
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the suggestion of artersnol as o possible mediator and advanced a theory
that sither one of the two sympathins mny csuse relaxation or contraction
depending upon the effector smooth muscle cell concernmed, The one, hovever,
hag a greater intrinsie pover of indueing contraction but lese intrinsic
power of indueing relaxation, than the other sympethin. These are re-
ferred %0 as Sy and Sy respectively. 4s & working hypothesis, Greer
sugzested that l-arterencl be assumed to be S, (corresponding to Cannon's
sympsthin E) and l-adrenalin to be S,. In experiments im which the re-
gponse may be considered $o be that of 2 single type of smooth muscle,
arterencl ie less potent than adrenalin whether the sffector shows &
motor response, such as the fetraaﬁur~penis (10) snd nietitating membeane
(6), or an inhibitory responss, such as the non-pregnant uterus (11), the
intestine, and the bronehi (5), The difference in polency of adrenalin |
and arterencl is less with regerd to the intestine-inhibiting function in
the dog (See table 3) than it ie for any of the other single-effector
responses. This is especially true if it may be assumed that ths lasvo
form of arternol would show greater intestine-inhiditing potency than the
racemic form which was used, If it should be proved that a sympathin ie
a compound of less potency than.adrenalin, it seems more legleal %o sssume
in the light of present facts that aha mn&i&#ar»is adrenalin, and the

less potent sympathin is & stage in the destruction of the mediator.
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A reviev of the literaturs pertaining to the action of vhenyle
ethylamine derivatives on adrenergically inhibited smooth muscle revesls
that only the bronchi and, to some extent, the {soclated intestins have

beon studied quantitatively.

?ﬁa relative intestine~inhibiting potencies of adrenalin,
erterenol, epinine, neosynephrin, Kephrine, and eynephrin have been deter=
mined in unmedicated dogs and for the isclated rabbli intestine. The
simllarity of effects on this one organ in twoe diffevent snecies, studled
by two techniques, indicates the physiological similarity of the smooth
mscle used and demonstrates the peripheral and the direct action of

these sympathomimetic amines on the smooth muscle of the intestinal wall.

The quelitative effects of the compounds on intestinal motility

consist of decreased tonus and inhibition of rhythmic contraction.

Within & period of one to two weeks, the postganglionic denervat-
ed intestine becomes from 2 to 8 times more sensiiive than normal to sach

6? these amines,

The use of these amines has pernmitted evaluation of the various
groups of the sdrenalin molecule in relation ia i%s intestine~inhibiting
function, Removal of any one of the groups of the adrenalin molecule that
distinguish it from the fundamental eympathomimetic nucleus vesuits im o
compound of diminished intestine-inhivising potemcy., The meta OH group

is the most importent single group. The least important in the CHy on



the nitrogen atom. The para OH grbu; is more ilmportant for inhiditory

action on the intact dog intestine than on lsolated rabbit intestine,

Yhen the intestine-inhibitiang potenclies of thé compounds are
compared with the broncho-dilator potenciss, s consistent relationshin
is observed in fh@ order of activity. This suggests that the smémth
masicle of the hronchl and of the 1atastine'belong to the same type.

A comparison of ths imporitance of & given group of the adrenalin
molecule %o its intestine~ or broncho-inhibiting funciion with the im-
portance of the same group to its nictitating-membrane-stimuleting
function shows no consistent relationship between smooth-msele-relaxing

and smooth-muscle~contracting potency of these amines.

The relation of the above facts to sympathin theories and the

physiologieal classification of smooth muscle is discuseed,



e iy
W.‘i ik Lil"% J l]‘NWflj“H“W

‘»Wum.m " U“'% MW”‘M i l ¥ Jbumu» MJM‘W ul MMW w

lh.'wt!\h \|$|1 N e Wbl MMHPMMMJM
% s Wl
i MMMM

AR B b b e o

L

1 T
V60 OFF ON6O T OFF
/— /0,000 £5:319,000

Figure 4.

Fizure 3,

Fig. 2. Rffect of adrenalin and arterenocl on the motility of the
innervated Thiry-Vella fistule of dog 42. Upper record shows effect of
sdrenalin 1:1250,000 injected at a rate of 1 cec. per minute Detwesn 1 and
2, 2 cc. per minute between 3 and 4, and 4 ¢c. per minute between 5 and 6.
Lower record shows effect of arterenocl 1:100,000 injected at a rate of
2 ¢ca per ninnte between 1 and 2, 1% cc. per minute between 3 and 4, and
4 ec. per ninute between 5 and 6. Dog weight 9 kile. Time in minutes,

Pig. 3. IKffect of arterenol 1:1500,000 on the denervated (upper
record) and the innervated (lower recOrds inteatinal segments of dog 1.
Injection rate 2 cc. per minute between 1 and 2, 4 ce. por minute between
3 and 4, Dog welght 19 kilo. Time in minutes.

Plg. 4. FIffect of epinine on the motility of the denervated (uﬂaer
record) and tha innsrvnted (lower record) intestinal segments of dog l.
Injection rates vere 1 cc. per mimute of 1:10,000 followed by 1 ce. per
minute of 1:50,000, Dog weight 19 kilo. Time in 10 second and 1 minute
intervale,
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Figure 7,

Fig. 5. ffect of knphriu of the denervated {(upper record) and
znnervatad (lawer record) intestinal segments of dog 1. Injection rates
were 4 cc. per mimute of 115000 (left) ce. per minute of 1:5000 (mide
dle), and 2 oc per mimate of 1120,000 zright) Dog welght 19 kilo.

Time in 10 second and 1 minute intervals,

Fig. 6. uEffect of neocsynephrin 1110,000 on the innervated (upver
record) and the denervated (lower record) intestinal segments of dog 3.
Injection rates were 4 cc. per minute between 1 and 2, and 2 ce. per
minute between 3 and 4. Dog weight 14.5 k&lo. Time in minutes.

Figs 7. ZEffect of synephrin 1:250 on the imnervated (upper record)
and the denervated {lover recorﬂ) intestinal segments of dog 3. Injection
rates were 2 c¢. per ninute at ON 30 and 1 ce. per mimute at ON 60, Bresk
in record represents a 14 min. interval, Dog weight 14.5 dilo. Tiwme in
10 second and 1 minute intervals.
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Pigure 8. Rffect of sdrenalin 1320,000,000, epinine 1:2,000,000 neo-
gynephrin 112,000,000, kephrine 112,000,000 and kephrine 111,000,000 on
isolated jejunal segment of rabbit. Dilutions made with Locke's eclu~
gion, C. represents control change %o simnle Locke's solution.

|
”ll.-'- ”
R

Figure 9. INffect of adrenslin 1:40,000,000, sdrenalin 1¢20,000,000,
arterenol 1:20,000,000, cobefrin 1110,000,000, epinine 132,000,000
and kephrine 1$2,000,000 on isolated jejunal segment of rabbit. Dilue
$ions made with Loek's solution., C. represents control change to
simple Locke's solution.
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