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Cardiac Inhibition of a Cladoceran and the Action of Acetyl- 
choline and Physostigniine. 

It has been held by a group of workers that in physiological 
processes where nervous impulses are involved and where acetylcho- 
line is believed to act as a transmitter of nervous impulses, physos- 
tigmine protects the acetylcholine from the destructive action of 
choline-esterase. The literature on this subject is fully reviewed by 
Fraser? For demonstrating the action of these drugs on the heart 
of a number of crustaceans', arid on the heart of other inverte- 
b r a t e ~ , ~ ,  perfusion methods have been utilized in bathing the 
hearts with the chemicals employed. This has made it difficult (by 
admission of the workers) to obtain data on the separate and com- 
bined action of acetylcholine and physostigmine, particularly when 
considerable time was spent in the dissection and in the preparation of 
kymographic recordings. I t  was found in the experimental results 
recorded here that if the intestine of Daphizia wzagna is touched with 
a fine glass needle at the bend of the digestive tube where the stomach 
enters the intestine, the heart immediately ceases beating and the pos- 
terior region of the digestive tube commences to exhibit powerful 
peristaltic waves. The heart in this respect behaves like the inhibi- 
tion produced after electrical excitation of the vagus nerves in ver- 
tebrates. After a certain period, depending on the strength of the 
mechanical stimulus employed, both the heart and the digestive tube 
renew their normal activities. The heart comes to rest in the systolic 
phase of the cardiac cycle and for a period after the escape from in- 
hibition it exhibits high tonicity. Complete cardiac inhibition can 
also be produced by touching the heart at its posterior dorsal surface. 
Since the animals utilized in this work were less than 3 mm in body 
length, and they were transparent, the changes produced can be 
readily observed under the microscope. In the absence of other data 
it is assumed that the region stimulated or perhaps other regions in 
the immediate vicinity, contain nervous elements which conduct in- 
hibitory impulses leading to the arrest of the heart. 
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Methods. The method employed in this work in producing coni- 
plete cardiac inhibition in Daphnin. ~rinyizn, enabled us to make a 
study of the effects of acetylcholine and physostigniine on the recovery 
of the cardiac activity of tlie animal after escape from inhibition. In 
order that there may be no doubt as to the specific action of the 
drugs employed, only aninials which showed very slow cardiac re- 
covery after the arrest of the heart were chosen for the treatment 
with chemical substances and for the analFsis presented here. The 
animals were subjected to esyerinientation soon after the release of 
the first clutch of young. The method of rearing cladocera in the 
laboratory and the methods eniployed in the selection of animals 
which were in the same stage of development have been described 
elsewhere.6 The technic emplo_\-ed in aclininistering acetylcholine and 
physostigmine was the same as that employed for the study of the 
action of these clrugs on the intestiire of DcrpIzizin ~tingiba.’ The ani- 
mals were subjected to esperinientation separately ; a single indi- 
vidual in each case was transferred to a micro culture slide for the 
treatment with specific chemical substance employed and for ob- 
servations under the microscope. The solutions were made daily 
and the acetylcholine was adjusted in each case to pH 5.7. The rate 
of the heart contractions per minttte was recorded by dots on a piece of 
paper. This method was iouncl accurate for counting heart contrac- 
tions of about and below 150 per minute but above that it was found 
more difficult to synchronize the recording of dots with the heart 
contractions. The error in counting extremely rapid heart beats is not 
of importance, for the more rapid cardiac activity simply furnishes 
more unquestionable evidence o f  tlie action of the drugs in inducing 
the specific changes, 

Results. Table I presents the results obtained when the heart of 
Daphnia wzagizn was arrested by producing inhibitory impulses with 
a mechanical stimulus applied over the intestine and then treating the 
animal with acetylcholine. In  this table are given the “normal rate” of 
the heart beat, the period of heart arrest in each case, the frequency 
of beat for a periocl of 2 minutes after the escape from cardiac inhi- 
bition as well as after the addition of acetylcholine lo-’. In each 
case, without a single exception, the heart after the escape from in- 
hibition and before the treatment with acetylcholine showed grouped 
beats which were feeble in character and irregular in amplitude. 
This condition persisted for several minutes. -4 fter the addition of 
acetylcholine, however, there was observed a sudden increase in the 

---I_ 
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frequency of the heart beat aiid the cardiac activity became inme- 
diately more powerful aiid regularly rhythmic in character. The clrug 
became effective in each case in less than 20 seconds. 

The period of heart arrest is shown in these experiments to vary 
from 2.5 to 20.7 minutes (column 2 ) ,  The rate of heart beat dur- 
i w  the first minute after escape from inhibition and before the ad- P ministration of acetylcholine was found to be on the average 57 heats 
per niinute and only slight change in this rate was observed during the 
following 60 seconds (column 3 )  and in the course of several min- 
utes later. In the first few seconds after the addition of acetylcholine, 
however, the rate became rapid (columti 4) and in some cases the 
frequency of beats during the first minute equaled aiid exceeded the 
normal rate. Similar olxxrvations were recorded with acetylcholine 

TAELE I. 
Action of Acetylcholine on Recovery of Heart of Dayhnici iuagna (First Brood 

Notliers) f roni Cnrdiac Inhibition. 
Rate of heart beat espressed in beats per minute. 
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and lo-”. The changes occurring in each case after the applica- 
tion of the drug were definite in character and were of sufficient mag- 
nitude to preclude any conclusioiis pertaining to the action of acetyl- 
choline on the cardiac activity of this animal. 

If the acetylcholine is the chemical mediator be- 
tween nerve terniinations and the cardiac muscle in Da+hziu wgiza, 
it should be possible to deiiionstratc this by the appropriate adminis- 
tration of physostigmine, for the protective action of physostigmine 
on acetylcholine might lead to increased heart activity. When indi- 
viduals were escrinized for a period which varied from 5 to 15 
minutes and after this, cardiac inhibition was produced in the usual 
way mechanically. it was observed that immediately after escape from 
inhibition, the cardiac rhythm bccanie regular and there was a quick 
reestablishment of the iiornial rate of heart beat, without treating 
the animals with :icctylcholiiie. ‘The action of physostigmine l@* is 
shown in Table 11. In addition t o  this a range of other concentrations 
were employed which varied i i i  strength from lor3 to lO-’ and the 
observations recorded were similar to those shown in Table 11. This 
rapid recovery of the cardiac activity of eserinized individuals is in 
marked contrast with the situation iotind in animals which were not 
(previous to the arrest of the heart treated with physostigmine 
(Table I, column 3) .  

In the course of the eserinization of the animals there was also 
observed an acceleration of the heart beat but the action of physos- 
tigmine was not inmediate. The rate of heart beat under the in- 
fluence of physostigmine before cardiac inhibition presented 
in Table I1 does not represent the maximum cardiac activity under 
the influence of this drug. 

Repeated endeavors by staining methods to demon- 
strate clearly the nerve supply to the heart of Daph9zia magnu were 
beset by many difficulties. \Ye are in possession, however, of cer- 

Physostip~iiic. 

Disczmiotz. 

TABLE IT. 
Action of Phpostigmine 011 Recovery of Heart of Dnp7mia lriagna (First Brood 

Mothers) from Cardiac Inhibition. 
Rate of heart bmt expressed in beats per minute. 

Treatment with Rate of lwst Period of Heart rate, 
Normal 1ie:nt Physostiginine bcfort. heart arrest, 1 miii. 

rate l n q ,  min. hca ~t a r rcs t min. after recovery 

260 10 300 6.7 270 
240 10 264 5.7 246 

15 254 1.7 256 
3 242 2.3 152 

240 
236 
246 10 - 6>,52 1.7 246 

d v g  244.4 262 234 
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tain facts pertaining to the nervous system of a number of larger 
Crustacea. Car1son8 has demonstrated a pair of nerves arising from 
the thoracic ganglion of 1'ditziirii.s; one of these when stimulated 
has been found to inhibit the heart and the other to be acceleratory 
in function. The functional activity of extrinsic nerves to the heart 
has been abundantly confirmed also for a number of other Crustacea 
by this same worker and the nervous elements within the heart have 
been described and illustrated by Alexandroivicz.9 L\lthougli there 
is nothing in Crustacea. insofar as we know, which corresponds 
morphologically to the autonomic nervous system in vertebrates, 
it is evident from the observations presented here that the intestine 
and the heart of DnphzicI triagiza are subject to acceleratory and in- 
hibitory nervous influences. In the nianinials the parasympathetic 
transmitter is believed to be identical with acetylcholine and causec 
cardiac inhibition. The actions of this drug arid of physostigmine 
on the heart of Duphnicr nz~rgtza are the direct opposite of their effects 
in mammals but are in accord with those reported for a nuniber of 
invertebrates. lo Ar temov and Mi tropolitaiiska j all have denion- 
strated the presence in whole Dnplriiicr of an acetylcholine-like sub- 
stance. As yet, however, no om has undertaken to demonstrate the 
presence or absence of choline esterase in this group of animals. The 
questions of how acetylcholine. if present in Da/?hiiici, is bound in the 
tissues and how it is protected, and the question of the mechanisms 
involved in the specific effects 9 f acetylcholine and physostigmine in 
invertebrates as those coiitrasted in vertebrates must wait for further 
investigations before they are answered. 

Summaql. The heart of Daplziria iiiclgjlz~~ can be arrested by ap- 
plying a mechanical stiniulus to a region in the digestive tube where 
the stomach enters the intestine. This induced inhibition and likewise 
the recovery after inhibition, has enabled us to iiiake a stud), of the 
action of acetylcholine and physostigmine on the possible control 
and coordination of the heart beat. If the animal is treated with 
acetylcholine when the heart beat, after escape from inhibition, is still 
feeble, slow and irregular, there is observed ail inimediate accelera- 
tion in the heart beat and the cardiac activity becomes niore powerful 
and rhythmic in character. Aninials treated with physostipiiiie 
previous to the arrest of the heart, show complete restoration of the 
regular beat soon after the escape from inhibition. 

8 Carlson, A. J., Am. 6. Physiol., 1905, 15, 13. 
9 AlexandrovPicz, J. S., Quart. J .  Micro. Sei., 1934, 75. 18. 
10 Walsh, J. H., Pkysiol. Zool., 1939, 12. 231. 
11 Srtemov, N. M., and Mitropolit:\nskaj:i. K. I,., Elrll. tlc B i d .  c;d c7e N'Bd. Erp .  

C.R.S.S., 1938, 5, 378. 


