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FOREWCRD

In the course of his investigations concerning the action
of a drug on the living organicsa, the initial efforts of the
pharmacologist is usually confined to qualitative observa-
tions. It is only when the drug shows promiee of becouing a
pharmacodynamic tool of clinical or experimental value that
the emphasis is extended further to include the much more dif-
ficult studies on quantitative effects. Oftentimes, such data
become conclusive only when supplemented by results from data
accumulated through clinical usage over extended periods of
time.

Veterinary pharmacodynamic research has never been able
to compete with allied activities in the human field. As a
consequence it has become customary to borrow basic data when
applicable, Furthermore, the decentrnlized nature of apvlied
veterinary medicine makes it difficult to conduct adequate
and proper clinical trials with drugs both new and old. As a
consequence of these conditions, the status of drugse of purely
veterinary interest continues to remain obscure. The alka~
loid arecoline is a typical example of such an agent. A re-
view of the literature indicates a disproportionately meager
knowledge concerning the pharmacology of this drug particu-
larly as it applies to the use of the compound in veterinary
medicine. The drug is employed by veterinarians to accomplish
the single objective of rapidly emptying the lower digestive
tract, serving as a so—called rapid purgative principally in

horses and for the mechanical removal of tapeworms in small



animals., That it fails of its purpose in many instances is
common knowledge to every clinician that has ever used this
drug. It was, therefore, not surprising that the appearance
of afecoline in the form of nemural (Winthrop) was eagerly
greeted by many practitioners and subjected to clinical trial
with the variable results not unusual in this method of in-
vestigation, No results from organized investigation con-
cerning nemural haveever come to the attention of the veteri-
nary profession. The purpose of this effort is an attempt to
shed furthe: light on the action of arecoline in dogs and to

compare this action with that of nemureal,
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I REVIEW OF LITERATURE

Arecoline is a liquid alkaloid present in the fruit of
Areca catechu, a tree that belongs to the family of palm in-
digenous to the tropical countries of the far East., Betel
nut, the fruit of the Areca plant, was known to the Chinese
for its properties as a taenicide as early as the sixth cen-
tury (18). It has been also used by people of the Malaya
area for many ages; the natives used to chew the powdered
nut because it was thought to sweeten the breath and improve
digestion.

In 1888, Jahns (23) succeeded in isolating several al-
kaloids from the fruit of the Areca palm. These alkaloids
are: arecoline, 0.07 to 0.1l percent, along with traces of
arecaidine, arecaine, choline and guvacine. Fluckinger (16)
found that Areca seeds also contain about 15 percent of a
vegetable tannin and about 14 percent fat.

Immediately after the isolation of arecoline, Marme
1890 (32) investigated the actions of the pure alkaloid. He
experimented with it in human subjects and in such animals
as dogs, cats, rabbits, chickens, pigeons, etc. He compared
the action of arecoline in these animals and also made &
comparison with the action of pelletierine, which has a simi-
lar chenioal.conatitution, as well as with the action of mus~
carine and pilocarpine.

Marme showed that solutions as weak as O.Od percent

causes a burning sensation with hyperemia when applied to the



tongue, and if one drop of such a solution be placed in the
eye, it ceuses miosis reducing the pupil after a few min-
utes to 1/3 of the normal size. This miosis persists for
about one hour and disappears completely after one to one
and a half hours. With atrong concentration (one percent)
in the eyes of rabbits, he fouhd that after one to two min-
utes; there occurred ptyalism, temporary slowing of the
heart and emptying of the bowels.

Working with frogs and ueing arecoline by subcutaneous
injection, he observed changes in the heart beat and res-
piration, Doses of 3 to 5 mgm. injected subcutaneously in
male frogs caused a gradual decrease in heart rate until the
heart stopped in diastole., Respirations were irregular and
dyspnoeic.

Moderate doses given by stomach tube caused in dogs and
cats repeated emesis, then foamy stools followed by feces of
soft consistency and finally liquid. 1In small doses, the
regults were continuous defecations only.

Working with arecoline intravenously on dogs, cats and
rabbits, he found that the effect on vagus endings was simi-
lar to those of muscarine., With large doses in the same
species under artificial respiration and with the heart ex-
posed, he observed an initial transient stoppage of both
ventricles. This was succeeded by weak contractions of the
right ventricle while the left one remained in systolic ar-
rest., As a result of these observations, Marme states that
the action of arecoline upon the musculature of the left

ventricle is similar to that described by Kobert (26) after
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large doses of muscarine.

Marme” also noted that arecoline like pelletierine de=
velops paralytic effects upon the brain and causes, like
pelletierine and also pilocarpine, an increase in spinal re=-
flexes up to the degree of developing tetanus. He also
states that arecoline after absorption acts similarly to
muscarine and pilocarpine upon the glands. It increases the
secretion of the salivary glands and espastic contractions of
the gut, while it influences the sweat secretion much less
than does pilocarpine.

Leepin 1891 (28) conducted experiments in dogs and ocats
and concludes that fairly large doses of arecoline when
given to these animals causes an increase in the relative
hemoglobin content of the blood due to the loss of water by
way of the salivary glands and the gut. He also describes
an increase in the movements of the gut after the oral ad-
ministration of arecoline.

Frohner 1894 (17) reported clinical results from the
use of arecoline on one cow and four horses. He concludes
that arecoline produces effects upon the muscular and glandu-
lar structures of the gut as well as vagus and respiratory
effects similar to pilocarpine and eserine. The respiratory
effects were evident only with large doses. He compares the
action of thie alkaloid with that of others and concludes
that arecoline hydrobromide is an excellent sialagogue much
better than pilocarpine. It causes salivation after 5 min=-
utes following subcutaneous injection which reaches a maxi-

mum in 1/2 hour and lasts for one hour. As a laxative, he
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states it 1s superior to eserine and pilocarpine either
alone or in combination but causes great dehydration.

Graefe 1894 (19) gives some clinical reporte on the
use of arecoline hydrobromide in intestinal disturbances of
large domsstic animals, When given subcutaneously (0.08 gnm,
in 10 coc. of distilled water) to horeses, the symptoms wsre
increased salivary secretion and increased expulsion of in-
testinal contente. The animals became restless and showed
increased barborygmus and peristaltic movements of the gut;
sweating was profuse. The surface of the body became warm,
respiration increased, and pulse decreased., After one and
one half hours, most of the symptoms observed were abating.

Lavagna 1895.(27) investigated the miotic action of
arecoline hydrobromide by instillation into the normal hu-
man eye. One drop of one percent solution placed into the
lower conjunctival sac causes a feeling of warmth locally
followed by lacrimation and spasm of the eye lids., The
local irritation lasts only one minute, It causes hyperemia
and after two minutes is followed by diminution of the pupil
size. He concluded that arecoline has a more marked effect
on the pupil than pilocarpine, but somewhat less than physo-
stigmine.

Plesch in 1895 (45) conducted experiments concerning
the action of arecoline on dogs, white mice, and pigeons, in
an attempt to show that this alkaloid belongs in the class
with B-piperidin. He gave special attention to the saliva

inciting action, the action on the respiratory nerves and
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its narcotic and cramping actions.

Coenders 1904 (&) using arecoline hydrobromide in ex-
periments on mice showed that the alkaloid salt has a defi-
nite stimulant action upon intestinal peristalsis and does
not seem to have any cumulative effect. He also concludes
that arecoline results in a temporary stimulation of the
respiratory center with death usually being caused by paraly-
sis of the heart.

Milks 1906 (36) experimented on several dogs to ascer-
tain the effects of arecoline hydrobromide in different
doses. On a fox terrier of 18 pounds, 1/2 gr. of arecoline
hydrobromide injected subcutaneously resulted in the follow~
ing symptoms: in three minutes, the dog was dull and weak.
He was thrown into oconvulsions at each attempt to move. 1In
a short time, he was quiet, lying upon his side; his breath=
ing was irregular; the pupils were dilated; the bowels moved
in fifteen minutes and again in one and a half hours.

Another dog weighing about 25 pounds received subcu-
taneously on four successive days doses of 1/20, 1/5, 1/10
and 1 grain, The dog was, apparently, as well as ever the
day following the injection of the 1 grain dose. Three days
later, 2 gr. were injected and were followed by toxic symp-
toms with blood appearing in the feces. After 6 days, the
dog, apparently, recovered. Iwo weeks from the beginning of
the experiments, 3 gr. were injected during the afternoon
and the dog died the following forenoon.

He also experimented on several kittens and found that

doses of 1/8 to 1/2 grain were toxic with the following
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symptoma: passage of feces in about three minutes; signs of
illusions; running about the cage with tail bristled and
spitting at imaginary objects; pupils were dilated; lay upon
its side in eight to ten minutes. 8Soon the respiration
ceased but the heart did not stop until one or two minutes
later,

To further study the cardiao effects, he performed ex-
periments upon the horse and the frog, In the case of the
former, intravenous injections were used and a blood pres-
sure tracing made. In each case, a very rapid fall in blood
pressure occurred. In the case of the frog, a minim of the
solution was dropped upon the heart. It was found that a
1 percent solution would stop the heart within one beat and
more permanently than stimulation of the vagus. Solutions
of 0.1 percent acted nearly as strongly as the 1 perocent,

He concluded that arecoline is a rapid intestinal
evacuant, increasing both peristalsis and the secretion and
that its action is accompanied by colic symptoms and profuse
galivation. Also, its action upon the eye is twofold; lo-
cally being miotic and internally a mydriatic. The chief
dangersin its use are its action upon the heart and res-
piéaxion.

Fish 1907 (15) conducted experiments on five horses
testing the action of arecoline hydrobromide upon the oir-
culatory system. He obtained blood pressure tracings from
horses under chloroform anesthesia following the intra-

venous and hypodermic injection of the drug. The doses used

were O.1 Bge s 0005 mge 0019 nge» 0.l nge. and 0.1 mge.
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respectively per kgm. of body weight., He concluded that in
all five cases, there was a uniform lowering of blood pres-
sure and slowing of the heart rate. Other symptoms seen
were profuse salivation, increased sweating and in some
cases increased venosity of the blood. Atropine sulfate in
the same dose and administered in the same manner as areco-
line hydrobromide counteracted its actions upon the circu-
latory system as shown by the more rapid beat of the heart
and an inorease in blood pressure.

Meier 1907 (33) working with frogs, turtles and rab-
bits reported the action of arecoline upon the heart, blood
pressure and respiration. He concludes that when given in
large doses this alkaloid causes paralysis preceded by con-
vulsions, decreased heart rate and a fall in blood pressure.
The drug may kill by etopping the heart but appears to be
without influence upon respiration., He adds that atropine,
to a certain degree, counteracts the action of arecoline,
and that nicotine, pilocarpine and arecoline have the same
type of action; nicotine acting more upon the central ner-
vous system; pilocarpine upon the peripheral, with areco-
line occupying a midway position.

Pats 1910 (43) using Magnus method (31) worked on iso-
lated intestine of cats in order to study the action of
arecoline on the automatic movements of the gut. He found
that in the isolated gut, arecoline (1 to 80,000,000) in~
oreases rhythmic movements of the smooth muscle. This con=-
centration caused little or no increase in tonus, but a di-

lution of 1 to 20,000,000 produces a maximum tonus increase.
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Jackson 1914 (22) studied the action of certain drugs
on the bronchioles and he states that if about oné—eighth
of a milligram of arecoline hydrobromide is injected intra-
venously into a cat or medium sized dog, a most profound
bronchoconstriction is produced immediately. He also
states that the action is very much more marked than that
of pilocarpine and death might easily follow from the abso-
lute failure of air to enter the lungs. Injection of epi-
nephrine will promptly cause dilatation of the bronchioles
when constricted by arecoline. Also a minute dose of atro-
pine or hyoscine hydrobromide will cause relaxation and
will prevent a later injection of arecoline in any eized
dose from causing constrictionee In comparing the action of
arecoline and pilocarpnine on the bronchioles, he concludes
that with arecoline the constriction comes on quickly but
tends to disappear early while with pilocarpine, the con-
striction comes on more slowly but tends to persist for a
considerable time.

Hall and Shillinger 1923 (21) tested arecoline hydro-
bromide as an anthelmintic in dogs and birds. They gave
the drug in tablets per os and hypodermically, The authors
concluded that arecoline hydrobromide in therapeutic doses
is an efficient anthelmintic and purgative., It will some-
times remove all the tapeworms from dogs and will do this
in the majority of cases (4 out of 7 cases in experiments).
In therapeutic doses, it will sometimes fail to remove any

tapeworms from dogs, but this will happen, probably, in a
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minority of cases (3 out of 7 cases in their experiments).
In excessive doses (1.5 to 2 gr.), it may remove all the
tapeworms present or as little as 37.5 percent; conceivably,
it might fail to remove any under certain conditions. They
also state that arecoline hydrobromide may sometimes fail

in practice as well as in experiments. It causes depression,
emesis and catharsis, but animals recover rather promptly
from its effects.

Ross 1924 (47) conducted clinical experiments on dogs
in an effort to demonstrate the possible value of arecoline
hydrobromide as an anthelmintic. He observed the effect of
arecoline given in watery solutions per os and states that
arecoline administered by mouth in aqueous solution is ef-
fective in bringing about purgation in from twenty minutes
to one hour, and does not appear to cause any untoward after
effects. A dosage rate ranging from a minimum of 1/16 gr.,
in the case of dogs from 5 to 10 pounds in weight, up to a
maximum of 1/2 gr. for dogs over 30 pounds appears to be
quite safe. It was also found that in some cases, dogs
showed a tendenocy to vomit soon after administration, but
this was not general. He also states that due to the ra-
pidity of the action of the drug and the cessation of this
action after the passage of the stool, it would appear that
little, if any, is absorbed, its action being due to direct
stimulation of the nerve endings in the gut wall. This be-
ing the case, 1t was probable that the dilution in which
arecoline is given might have a marked effect, apart from

any variation in the dose, in causing more or less marked



increase of perisgtalsis, and so increasing or lessening the
time taken to induce purgation. It ie possible that beyond
a certain dilution, no manifest reaction might be observed.
Experiments on seven dogs showed the following results: di-
lution of 1 to 2000 does not appear to be effective in bring-
ing about purgation rapidly; dilution 1 to 1000 produced pure
gation in from twenty to forty-five minutes. The production
of vomition is not very definitely shown to depend on the di-
lution at which the drug is given, though it probably has
some relation to it. One dog vomited in seven minutes when
given a dilution of 1 to 2000, another dog after five minutes
with a dilution of 1 to 1000; another dog vomited after nine
minutes with a dilution of 1 to 1000 and after three minutes
with dilution of 1 to 500 while another dog did not vomit
even when given a dilution of 1 to 120,

Dale 1930 (9) performed some experiments on the rabbit
heart before and after section of the A-V (atrio=ventricular)
bundle. With the A-V bundle intact, injection of 0.001 mg.
of arecoline is followed by a slowing of heart rate, accom-
panied by a diminution in the amplitude of the auricular and
the ventricular contractions. After section of the A-V bun-
dle, a dose of 0,01 mg. will inhibit the auricular contrac-
tions almost completely, while the ventricular rate is
slightly diminished.

In experimente on cows, Amadon 1930 (3) observed that
half-grain dosees of arecoline used in the initial experi-
ments caused complete depression of rumino=reticular move-

ments for intervals ranging from forty to fifty minutes, with
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no apparent improvement in motility succeeding this action.
In further experiments with reduced doses of the drug, it
was discovered that no depression appeared with administra-
tion of less than 1/4 gr. and that very pronounced stimu-
lant action resulted from doses as small as 1/16 gr. and
1/& gr. The improvement in the strength of the rumen and
reticular contractions appeared in five to twelve minutes
and persisted for one and one half hours. The reticulum
was more strongly affected than the rumen,

Schwarte and Dukes 1931 (48) in a series of studies
on the effect of drugs on the cardiovascular system of the
pig showed that arecoline hydrobromide, in doses ranging
from 1 to 5 mg. in four different animals produced in each
instance a decided fall in blood pressure, This was ac-
ocompanied by cardiac depression as shown by membrane mano-
meter records. The fall in blood pressure varied from ap-
proximately 20 to 50 percent of normal. There was, however,
only a slight correlation between the size of the dose and
the magnitude of the fall in blood pressure. The action of
arecoline on the pig is similar to its action on other anie
mals. In doses of 4 to 5 mg. increased salivation and pro~
nounced muscular tremors were observed.

Epstein 1932 (12) conducted experiments on the responses
of the batrachian alimentary canal (Xenopus laevis, the
South African clawed toad) to autonomic drug and showed that
arecoline causes contraction of every portion of the alimen-
tary canal of X. laevis, and that atropine can antagonize

this effect. It was shown also that pilocarpine fails to



- 12 -

produce a definite measurable rise in tone of the ileum, but
arecoline on the other hand was usually able to cause con-
traction of this structure., Arecoline thus appears to have
a more powerful effect on motor parasympathetic nerve end-
ings.

In a dissertation of Tierarztliche Hochschule in Berlin
1933 (51) concerning the action of arecoline base and of the
hydrobromide on the isolated small intestine of dogs, -chan-
ges in tone, pendulum motion, and volume are described. The
drug shows prompt effects including an increased tone,
greater amplitude of contractions and greater variations in
intestinal volume with rhythm remaining practically un-
changed., These sffects were the results of pure local dif=-
fusion of the drug from the intestinal lumen and could be
checked with atropine.

Kristinn Stefanson 1937 (50) studied the action of are=-
coline on the intestine of guinea pigs and concluded that
arecoline increases peristalsis and tone of the small and
large intestines, and restores to normal the decreased ac-
tivity after morphine.

Kadonaga 1938 (24) reported that arecoline hydrochloride
injected into the dorsal lymph sac of the frog caused paraly-
sis sometimes preceded by convulsive attacks; the M.L.D., was
0.005 gm. per 10 gm. body weight, The drug inhibited the
isolated frog's heart, decreased blocd pressure in rabbits
chiefly by slowing the heart, while large doses accelerated

respiration,
Richter 1939 (46) concludes from his work on isolated
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intestine of the guinea pig, that arecoline lowers irri-
tability of the intestinal musculature resembling nicotine.
Atropine counteracts the muscular action of arecoline.

Mentova 1940 (34) in a series of studies on the effects
of parasympathetic drugs upon the coronary vessels reports
that arecoline has a vaso-~constrictor effect when given in
large doses although it acts as a vaso—~dilator in small
doses. These experiments were performed on isolated rabbit
hearts. The author concludes that the dilator effect is
parasympathetic, as evidenced by its absence in the atro-
pinized heart.

Oppenheimer and Mann 1941 (40) reported experiments
studying the influence of cathartics on the activity of the
small intestine. By means of balloons in thiry-~vella loops
they tested arecoline hydrobromide, administered by stomach
tube to eight dogs in doses of 1/10 to 1/2 gr. (0,006 to
0.032 gm.). In all cases, tonus curves were marked and am-
plitude of segmenting contractions was increased. Although
the increase in amplitude was sometimes more than threefold,
the rate remained fixed (* 1 per minute) when compared with
the control period. They comment that none of the agents
studied changed the rate of contraction of the small intes-
tine and algo give other references concluding that in the
intact small intestine, with nerve and blood supply intact,

this rate is not easily altered.
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Nemural*, marketed by the Winthrop Chemical Company in
tablet of 18 mg. appeared in 1939** as a substitute for are-
coline as a vermicidal agent against tapeworm in small ani-
mals, According to the laboratory data on this new compound
obtained from the manufaoturer, nemural tablets contain two
ingredients, i. e., a double salt of spirocide (paroxyl) and
arecoline in molecular proportions. Thus, the tablet con-
tains 3.13 mg. of arsenic as spirocide and 6 mg. of areco-
line. PFanslau (14%) conducted clinical experiments on two
different groups of cats using arecoline and nemural, He
concluded that arecoline alone is a more drastic purgative
than nemural, The alkaloid in a dosage of 6 mg. produced
stools within 15 to 25 minutes after medication, but nemural
(one tablet containing 12 mg. of paroxyl and 6 mg. of are=-
coline) produced purgative action somewhat later, 20 to 60
minutes, and was less severe than the reaction to arecoline
alone.

Davidson (10) reports the use of nemural for a period
of over one year in the treatment of tapeworms and as a pur-
gative in small animals (cats and dogs) and gives some com-
ments on indications for its use as well as some results of
his clinical observations. He observed that best results
are obtained when nemural is administered in a small gela-

tine capsule. Occasionally, vomiting occure a short time

* Nemural is stated by Winthrop Chemical Company (New York)
to be: lUwoxy-3-acetyl-amino-phenyl-arsonic acid N-diethyl-
tetrahydro=-piridine~B-carbonic acid methyl ester.

s* There is evidence that this compound was marketed by a
German firm for some time prior to this date (41) in certain

South American countries.
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after the drug has been given. However, this symptom does
not appear to disturb the patient, nor does it interfere
with the action of the drug. The passage of mucus from the
intestinal tract appears to be a good guide for indicating
satisfactory action of the drug. He also observed that it
is necessary to vary the dosage of nemural for use as a
teniacide in dogs and cats (In his work he has used the
drug in tablet form, each tablet containing 18 mg.). He
adds that there is reason to believe that in some patients
one tablet (18 mg.) would have been as efficacious as two.
He has used a little as 1/8 tablet (2.25 mg.) and as much
as 12 tablets (216 mg.) in other cases with good results
and, apparently, no ill effects., He also noted that dogs
seem to be inclined to drink more water than usual after
nemural medication and recommends that it would be wise to
regulate this intake, in order to avoid emesis caused by
drinking too much water at one time. He finally concludes
that nemural is not infallible in the treatment of teniasis
or when used as a purgative in small animals; howsver, he

believes that the drug has definite merit in small animal

practice.,
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II EXPERIMENTAL PROCEDURE

A. Selection of Subjects. All dogs used in the experi-

ments were purchased from a city dog pound. Every effort was
made to control the incidence of distemper commonly affecting
dogs from such a source., As soon as the animals arrived, the
temperature was checked qnd those showing rise of temperature
were given subcutaneously injection of anti-~-canine distemper
serum at the rate of 1 cc. per pound body weight and repeated
every aight days for at least three doses., In some instances,
especially after experimental surgery, anti-canine distemper
anti-bronchiosepticus~streptococcus=typhimurium serum (Homo=
logous) was used. These animals were kept in cages and fed
with commercial dog food.

B. 8election of Dosage. Table I gives the various

therapeutic dosages of arecoline hydrobromide and nemural*

as reported in the literature. It also includes the fatal
dose of arecoline hydrobromide by different authors and prac-
titioners. Partly on the basis of the dosages reported in
Tables I and partly on the basis of the amount of arecoline
present in the recommended dose of nemural, it was declided to
use arecoline hydrobromide at the rate of 3.2 mg. and 4.8 mg.
per kgm. of body weight given as a solution by stomach tube.

In order to have a comparison of both drugs under the same

* Nemural in fine powder was obtained through the courtesy
of Winthrop Ohemical Company (New York). The same drug in
tablets was purchased from the same company. Arecoline hy-
drobromide in powder was supplied in part by courtesy of

Merck Company (Rahway, New Jersey).
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dosage rate, the dose of nemural was calculated on the basis
of its arecoline content., According to the manufacturer,
each gram of nemural powder contains 0.360 gm. of arecoline
and 0.640 gm. of paroxyl. Each tablet of nemural containing
18 mg. of the above powder contains in each tablet arecoline
base 6.48 mg. and paroxyl 11.52 mg. To calculate the quan-
tity of arecoline as the hydrobromide represented in nemural,

the following procedure was used:

Molecular weight of arecoline* 155,11
Molecular weight of arecoline hydrobromide** 236,12

236,12 + 155.11 = 1,52 (Factor)
One gram of nemural powder contains 0,360 gm. of
arecoline base, therefore its equivalent to arecoline
hydrobromide would be:

0,360 X 1,52 = 0,547 gm.
thus:
One gram of nemural powder is equivalent to 0.547 gm.
of arecoline hydrobromide,

On the other hand, one tablet of nemural contains

6.48 mg, of arecoline base, therefore its equivalent to
hydrobromide would be:

648 x 1,52 = 9.85 mg.
thus:
One tablet of nemural is equivalent to 9.85 mg. of

* Merck Index.,

** National Formulary VII.
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TABLE I
The Dosage of Arecoline and Nemural in Dogs

as Reported by Various Investigators

Drug: Arecoline Hydrobromide

Therapeutic Dosage

Author Metric Apothecaries' Administration
N.F. VII (38) 1.5 mgm./kgm. 1/80 gr./1b. per os
Parker (42) 6~12 mgm. 1/20~1/10 gr. per os
Milks (35) 1.5 mgm./kgm. 1/12-1 gr. per os
Hall (20) 1/8-1/4 gr. per os
Lents (29) _ 1/8-1/4 gr. per os
Author Fatal Dosage Administration
Solis=Oohen (49) 8-10 mgm./kgm. subcut.
Marme” (32) 100120 mgm. per os
Bocquillon-Limousin (5) 75 mgm. 1 1/6 gr. subcut,.

Drug: Nemura

Therapeutic Dosage Equiv, to
Author (Oral) Arecoline HBr

Milke (38) - 1 tablet per 8 1lbs. body weight 2.7 mgm./kgm.
Davidson (10) 1 tablet per 15 1lbs. body weight 1.4 mgm./kgm.




arecoline hydrobromide. When nemural in tablets was
used, solutions were made containing 1 mg. per cc.
of arecoline hydrobromide equivalent,

C. General Plan of the Experiment., The experimental

work was divided into two main parts as follows:
1. Olinical Observations
a. Arecoline hydrobromide
(1) Rate of 3.2 mg. per kgm. body weight
(2) Rate of 4.% mg. per kgm. body weight
b. Nemural
(1) Equivalent to arecoline hydrobromide
at the rate of 3.2 mg. per kgm., body
weight
(2) Equivalent to arecoline hydrobromide
at the rate of 4.8 mg. per kgm. body
weight
2. Experiments on Gut Activity
a, Ordinary fistulae
(1) Arecoline hydrobromide
(a) Rate of 3.2 mg. per kgm. body
weight
(b) Rate of 4.& mg. per kgm. body
weight
(2) Nemural
(a) Equivalent to arecoline hydro-
bromide at the rate of 3.2 mg.
per kgm., body weight
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(b) Equivalent to arecoline hydro-
bromide at the rate of 4.8 mg.
per kgm. body weight

b Thiry loop
(1) Arecoline hydrobromide

(a) Rate of 3.2 mg. per kgm. body
weight

(b) Rate of 4,8 mg. per kgm. body
weight

(2) Nemural

(a) Equivalent to arecoline hydro-
bromide at the rate of 3,2 mg.
per kgm. body weight

(b) Equivalent to arecoline hydro-
bromide at the rate of 4.2 mg.
per kgm. body weight

¢, Thiry~Vella fistulae
(1) Arecoline hydrobromide

(a) Rate of 3.2 mg. per kgm. body
weight

(b) Rate of 4.8 mg. per kgm. body
weight

(2) Nemural

(a) Equivalent to arecoline hydro=-
bromide at the rate of 3.2 mg.
per kgm. body weight

(b) Equivalent to arecoline hydro-
bromide at the rate of 4.8 mg,
per kgm. body weight |
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D. Proocedure for Clinical QObservations. Before the

drug was administered, each animal was weighed and the body
temperature checked. When the subject was quiet, the pulse
rate was taken by means of palpation of the femoral artery

or by counting the heart beats by placing the hand on the
left thorax in the region of the heart, The total dose was
accurately weighed in milligrame and dissolved in from 30

to 50 cc. of tap water. Administration in all cases was
made by passing the stomach tube and using a 50 co. glass
syringe to introduce the solution directly into the stomach.
After the administration of the drug, the animel was main-
tained under constant observation., The pulse rate was taken
at intervals of about ten minutes and special attention was
paid to such symptoms as nausea, emesis, defecation, mucus
from anus, micturition, etc, All observations were accurate-
ly timed as is shown in the data of the appendix. A total of
66 dogs weres used in the experiments. In some dogs, one of
the two drugs was given at the lower level only; in others,
both drugs were given at the two levels and the alternation
was as follows: arecoline hydrobromide at the lower level;
nemural at the lower level; arecoline at the higher level and,
finally, nemural at the higher level., The time elapsing be-
tween olinical experiments on the same animal with one or both
drugs at different levels was from four to six days.

E. Procedure for Studies on Gut Motility. Selected fe~

male dogs were used for the observation on gut activity. These

dogs were previously subjected to the clinical studies with
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both arecoline hydrobromide and nemural at the two dosage
levels previously described.

Experimental surgery was performed under general anes-
thesia using pentobarbital sodium at the rate of 30 to 40 mg.
per kgm. of body weight injected intravenously, Anti-canine
distemper anti-bronchiosepticus-streptococcus=typhimurium
serum (Homologous) was given to the animal at the rate of one
cubic centimeter per pound body weight after completion of
the surgery. Animals were given sulfathalidine at the rate
of 1 gr. per pound of body weight daily divided in two doses
for at least six days after surgery.

Thres different types of technical procedures were used

in preparing the animals for experimental study:

An ordinary fistulae was made by bringing out a loop of
lower ileum through the median line of the abdominal wall,
After eight days, the loop of intestine was cut, using co-
caine in crystals applied to the loop as the local anesthetic.
These animals were ready for use one week after sectioning of

the loop.

Thiry fistulae were performed in two adult female dogs.

The lower ileum was chosen for this purpose and the length of
the loops in each instance was about 10 inches, These ani-
mals were not used until ten days after the operation.

Thiry-Vella fistulae of the lower ileum were also pre-

pared in three subjects. The ends of the loops were brought
out through the median line, The length of the loops was

about 12 inches. These animals were not used until two
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weeks after the operation.

Records of the intestinal movements were obtained by
means of the apparatus diagramed in Figure I. The balloon
made of special thin rubber was passed into the isolated
loop of the intestine. Then it was distended with air under
a pressure of about 8 om. of chloroform at the manometer ar=-
ranged to record the rise and fall of the chloroform column
representing the movements of the intestine at the level of
the balloon. The advantages of the method used are: a di-
rect graphic record of muscular contractions and tone of the
viscus, the absence of anesthesia as a complicating factor
during the experiment., In the Thiry and Thiry-Vella fistu-
lae the effects of the drug on muscular activity are not
modified by the presence of food, products of digestion or
digestive juices, for although the loop has its normal blood
and nerve supply, its lumen is not connected with the ali-
mentary canal. The method also makes possible repeated ob-
servations on the same animal over a long period of time
making possible comparative studies on the two drugs.

The records of intestinal movements, as reported by
Plant (44) and others, show that there is a gradual relax-
ation of the intestinal musculature for a period of 30 to
120 minutes or more after insertion of the balloon. For
this reason, 30 minutes were allowed to elapse following in-
sertion of the balloon before bringing the manometer pres-
gure to the 10 om, level, A normal tracing of from 30 to

60 minutes was taken before administration of the drug. The
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Recording
Needle
_______ _ _ Length 130 cm,
) J : e T
>_. X . \
| Part introduced |
' into the loop
[ - Rubber :‘ - -20 om, __ _ -
t
\
Gork l' 10 cm, \
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