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Ihe problem. This study sesks to determine the
observable effects of acetyleholine, succinylcholine,
d-tuboeurarine, and quinine on tardigrades and to compare
these effects to known memmeliesn remctions., ZEvidence of
synerglem or antagonism ls sought by combining each drug
compound with the other three individuslly.

pgibi scrobiotus richtersi)
3 seri 4.0% to 0,0% (welght/

volume) of esch of the four compounds snd thelir binary come-
binations. Observations were made through a 251 binooular
dissecting microscope 2t the time periods: 15 minutes, I hour,
snd 5 hours. Controls were kept in distilled water and in
spring water. ALl test animals were kept in & moistechember
to avelid evaporation and subseguent concentration of the test
solutions. Anesthesis wes tested by returning zffected
animals to spring water and watching for movement, indiceating
recovery.

Findings. Contrsction of the tardigrasdes’ bodies and
legs was trougnt about within an hour by 8 minimum of g.h%
acetyleholing or 1.6% sucecinylcholine. In that seme time
periocd the tardigrades were rslaxed, with the bodies and legs
fully extended, by 1.2% d-tubocurarine; but no change was
seen with up to 2.0% quinine. By 5 hours, 0.8% quinine had
caused & relaxation of the animals. ﬁe@tyf}:@hg}.iﬂé and
suceinyleholine were highly synergistic. DBeth quinine and
detuboeurarine sensitized the tsrdigrades to acetylcholine.
Detubocurarine delayed the action of succinylcholine. Small
auounts of d-tubocurarine negated effec’csﬁﬁf Efaﬁzﬁgg_crgﬁss
sucelinylcholine, cgugiin% no observable effects. @%uimna
caused n delayed sensitization of thataréigrge@.@a *&:Q
succinyleholine. D-tubocurarine snd quinine delayed &;}é .
reduced the offectivensss of each other. lhe effect oI these
test solutions was anesthesle, not n@mgsi@; *‘Z‘hig egag |
demonstrated by the recovery of the affected tardigrades
when they were returned to spring water.
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INTRODUCTION

Tardigrades comprise a small group of animals generally
congidered to be a separate phylunm. Although small and
inconspicuous animals, they have been known for a long time.
Coeze, in 1773, described "Kleiner Wasserbar." In 1776,
Spallanzani called them "Il Tardigrado" (Riggen, 1962).
During the past two centuries since Goeze coined the term
water-bear, sporedic observations have been made in many
parts of the world, including North America. But most of the
gerious work on them has been carried out in Europe; it has
centered on taxonomy and morphology. Little is known of
tardigrade physiology or embryology.

The basic morphology of both the nervous and muscular
systems of the tardigrades has been described. The tardi-
grade nervous system exhibits the pattern typlical of the
annelid-arthropod line (cne of the reasons tardigrades are
usually considered arthropods or cloge relatives of the
arthropods ). The bi-lobed tardigrade brain is dorsally
placed; it is connected to a2 subesophagael ganglion and to
four ventral trunk ganglis by a peir of ventral nerves
(Riggen, 1962).

Tardigrade muscles are no more than delicate bands
attached to the cuticle, resembling those of some
microcrustacea. These narrow muscle bands, clearly visible

a8 distinct elements, pass through the body at sometimes
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unlikely angles, establishing the leverage needed for move-

ment. Five or six strands run longitudinally, arching the
body when contracted: Each leg has a set of five or six
angled muscles running into it, thus allowing for lateral
movements and retraction of each leg independently. However,
there are no muscles to extend the legs; only hydrostatic
pressure caused by the fluid of the haemocoel can cause leg
extension (Meglitsch, 1967). No serious work on the
physiological characteristics of either muscles or nerves
has been undertsken with tardigrades.

Because of their arrangement, movement is limited;
and the tardigrades are clumsy and slow. Each leg is §
operated independently, moved mostly by rotating it or by
contracting it and waiting for it to be slowly re-extended i

by hydrostatic pressure.

This study seeks to assess the effects of acetylcholine,
succinyleholine, d-tubocurarine, and quinine on tardigrade
movements. The literature contsins no information concerning
the effects of these compounds on tardigrades and little
information mbout their effects on invertebrates. Their
effects on vertebrates, particularly mammals, are much
better known. Observed effects on tardigrades will be com=-
pared to known effects on mammals.

Effects of the four compounds used in this study are

authoritatively summarized by Goodman and Gilman (1965).



A1l are obtained in the chloride salt form, but are active

in the dissociated ionic form. Thus, references are made to
the active ion, not to the chloride salt.

Acetylcholine is released from cholinergic neurons
as a natural neural transmitter. It aets upon receptors in
skeletal end-plates, smooth muscles, and ganglion cells of
the autonomic nervous system. Skeletal muscle contains
specialized cholinoceptive structures (end-plates that con-
tain acetylcholine receptors), where nerve fibers terminate.
Acetylcholine depolarizes the receptor by changing the
permeability to ions of the muscle membrane. Structurally,
the compound has a quaternary nitrogen stom, necessary for
activity. At the receptors in the end-plate an excess of
acetylcholine will cause a neuromuscular blockade.
Ganglionic blockage between pre- and post-ganglionie
autonomic fibers may also occur with excessive
acetylcholine, since it prevents repolarization.

D-tubocurarine is competitive with acetylcholine.
It is still being used by South American Indians as a
paralytic agent on arrows or darts for hunting wild
animals. This slkaloid is also a quaternary ammonium base,
and acts as a competitive neuromuscular blocking sgent in
skeletal muscle, i.e., it combines with the cholinoceptive
sltes at the postjunctional membrane and thus blocks the

transmitter setion of acetylcholine. To block ganglionic
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transmission, about three times the concentration required

to block the postjunctional membrane is needed.
Sucecinylcholine is another depolarizing agent.
Initially a depolarization of the end-plate ig caused. 1In
mammals there is normally a short duration of depolarization
due to the rapid degradation of the succinylcholine by the
cholinesterase of the plasma and liver. (This mechanism
could exist in tardigrades, if cholinesterass wers present
in the haemocoel fluid.) Then, despite repolarization, the
mammalian end plate becomes desensitized to the transmitter.
Walts and Dillon (1969) studied the interaction of
succinyleholine and d-tubocurarine. In man, a dose of
suceinylcholine given after a small dose of d-tubocurarine
causes & decrease in both the duration and the intensity of

the muscle blockade caused by the d-tubocurarine. When

suceinyleholine is given after a prolonged block with

d-tubocurarine, the block is reversed and the succinylcholine

hag & diminished action.

Quinine, as summarized in Drill‘s Pharmacology in

ledicine (1965), is a competitive inhibitor of cholinesterase,

but it also has a distinct curare-like action. This non-
quarternized ammonium compound decreases the response of the
motor end-plate to acetylcholine in skeletal muscle. Its

actions in smooth muscle are inconsequential.

The likelihood of differences between vertebrate and
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invertebrate physiological systems ig very high. Since
there is a large amount of information concerning the
effects of chemlcal compounds on memmalian systems, the best
nypothesis 1s to assume that the tardigrade neuromuscular
system 1s similar to that of the mammal. Both similarities
and differences of reactions to the compourds would be
informative, 8ince little is known of the physiology of the
tardigrade. The compounds chosen in this study are
acetylcholine, the most widespread neural transmitter in
vertebrates, and three compounds that are either antagonistic
or synergistic to acetylcholine. It will be necessary to
describe the effects of each compound, as well as the
effects of binary combinations of the compounds. These
combinations may show synergistic or antagonistic inter-
actions. A systematic study would provide important clues
about invertebrate physiology (particularly that of the
terdigrade), and add to information describing the effects

of the tested compounds on sll living systenms.
FATERIALS AND METHODS

The snimals used in this study were identified as

Filnesium tardisradum, Hypsibius oberhauseri, and

Vacrobiotus richtersi (Riggen, 1962). They were obtained

from tree-borne lichens collected in wooded areas near

Des Moines, Iows, between April, 1970 and July, 1971. The
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bark samples were floated lichen-side down in clear plastic

dishes containing spring water. The tardigrades dropped to

the bottom of the container after soaking six to eighteen
nours. The animals were either active or relaxed and
asphyetic when found. They were transferred to spot plate
depressions with a Pasteur disposable pipette, with the aid
of a 25X binocular dissecting miecroscope. A moist-chamber
was used to prevent dessication while the animals recovered
from asphyxia and transfer shoek. Specimens could be kept
as long ag three weeks in a moist-chamber.

The animals were exposed to four compounds, quinine
dihydrochloride (Penik Corporation), d-tubocurarine chloride
(Abbott Laboratories), succinylcholine chloride (National i
Biochemical Corporation), and acetylcholine chloride |
(National Biochemical Corporation). A 2% (weight/volume)
stock solution was prepared of each of the compounds except
gsuccinylcholine chloride, for which a U4 stock solution was
usged.

Each observation consisted of records on the
physiological state of animals in paired control-
experimental groups. Control groups consisted of ten
active tardigrades concentrated in a single depression
containing spring water, and ten in a depression containing
distilled water. Experimental groups consisted of ten

active tardigrades concentrated in a single depression
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containing a definite concentration of the experimental com-

pounds. Observations were made witp & 25X binocular

dissecting microscope. Records were taken of individual

reactions after the animals had been under experimental con-
ditions for 15 minutes, 1 hour, and 5 hours.
At each recording time, the number of tardigrades

falling into "normal,® "relaxed,” and “contracted" cate-

gories was noted. They were scored a8 normal when crawling

or other such normal activity was noted. "Relaxed” indi-
cated full extension of the body and the legs without move-
ment, &8 18 seen in the asphyctic state. In a "contracted”
organism, the body was curled into a tight arch with the legs
contracted on the inside of the arch.

After the end of the observation period, scme of the
animals, randomly picked, were placed in epring water and
observed for evidences of recovery. For the purpose of this
study, any relsxed or contracted animal that was able to
move one leg or more was recorded ag “"recovered. If an
animal did not show movement within a peried of five hours,
it was considered not recovered. Since this part of the
study was only to differentiste narcosis from anesthesia, no
reguler observation periods were used during recovery.

Approximately 80% of the tardigrades recovered from
effects of each of the experimental solutions. No differ-

ence was noted among the three species used in their ability
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to recover and their rate of recovery. The defined states

of "normal,” "relaxed," and “"contracted” were all exhibited

by live organisms.

Each compound tested was applied in a series of con-
centrations. Each depression contained ten drops of fluid,
delivered from a Pasteur disposable pipette. Ten drops of
the stock solutlon were put in the first experimental
depresslon, nine drops of stock and one drop of distilled
water in the second depression, ete. Thus, the compounds
prepared as a 2% stock solution (quinine dihydrochloride,
acetylcholine chloride, and d-tubocurarine chloride) were
dispensed in concentrations ranging from 2% to 0%, while
guccinylcholine chloride, prepared from a 4% stock solution,
gave concentrations that ranged from 4 to 0%.

The effects observed in dilutions of single compounds
were compared with those seen in combinations of compounds
to seek evidence of synergistic or antagonistic actions.
Uepressions containing combinations of compounds were pre-
pared in the following manner. Ten drops of one of the
stock solutions were in the first experimental depression,
nine drops of the seme stock and one drop of a second stock
solution in the second depression, and so forth until fen
drops of the second stock were in the last depression.

Esch set of dilutions was tested at least three

times.
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The intensity of the effects of any one compound was

reflected by the speed with which behavior modifications
developed, and by the concentrations required to elicit
responses. Thus, evidences of synergistic or antagonistic
effects required comparison of the times when behavier modi-
fications occurred, as well as the concentrations at which

behavior occurred for any given period.
RESULTS

The reactions of the tardigrades elicited by the four
compounds and thelr binary combinations are summarized in a
geries of tables. The tables show the two variables: time
and concentration. All the tables express the concentration
as a percent (weight/volume) and the time by three observa-
tion periods (15 minutes, 1 hour, and 5 hours). The number
of tardigrades affected is expressed as a percent of
individuals, e.g., "50% are contracted" means 50% were con-
tracted and 50% normal.

Anesthesia was tested by randomly choosing affected
tardigrades from each of the twelve test solutions and
transferring these animals to spring water. "No recovery”
would have indicated narcosie; however, approximately 80%
of the tardigrades recovered from their affected state,
indicating a form of anesthesia. No specific observation

periods or numbers of animals were used in testing for
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recovery, as these factors aye not an integral part of the

gtudy.

As seen in Tables 1 and 2, both acetylcholine ang

succinylcholine caused o definite contracting reaction.

Acetylcholine proved to be a much more effective compound in

the sense that very small concentrations caused a reaction

within a short time period. Contraction of 50% of the tardi-

grades within 15 minutes wag caused by 0.8% acetylcholine,
where 1t took 1.6% suceinylcholine to causs 60% contraction

within 15 minutes. Within an hour, the smallest concentra-

tion of acetylcholine tested, 0.4%, caused 50% of the animals
to contract. All of the tardigrades in 1.6 succinyleholine
were contracted within an hour; none were affected in any
less concentrated solution of sucecinylcholine.

D-tubocurarine and quinine (Tables 3 and k) caused a
relaxation of both bodies and legs. Quinine was less
effective than d-tubocurarine, in that it took & greater
concentration and more time for quinine to bring about
relaxation. In an hour asll tardigrades were relaxed by a
1.2% solution of d-tubocurarine; none had responded to the
2.0% quinine, the strongest quinine solution tested. By
the 5 hour reading, all had responded to the 0.6%
d-tubocurarine and to the 0.8% quinine.

Paired combinatlons of the compounds were used to

seek evidence of synergistic and antagonistic sctions.
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pable 1. Percent of Tardigrades Contracted W E
Various Concentrations of Acetylchoﬁggﬁxpoaed to

s

Acetylcholine Time of Exposure

T % 15 min. 1 hr. 5 hr.
0.0 0 0 0
0.4 0 50 50
0.8 50 100 100
1.2 100 100 100
1.6 100 100 100
2.0 100 100 100
2.4 100 i00 100
2.8 100 100 100
3.2 100 100 100
3.6 100 100 100

L.Q 100 100 100
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rable 2. Percent of Tardigrades Contracted When E
Various Concenirations of Succinylehgr{izp osed to

succinylcholine Time of Exposure
% 15 min. 1 hre 5 hr.
0.0 0 0 0
0.4 0 0 0
0.8 0 0 0
1.2 0 0 0
1.6 60 100 100
2.0 95 100 i00
2.4 100 100 100
2.8 100 100 100
3.2 100 100 100
3.6 100 100 100

k.o 100 100 100




mable 3. FPercent of Tardigrades Relaxed When Exposed to

various Concentrations of D-tubocurarine

13

D-tubocurarine Time of Exposure

- 7 15 mino’ 1 hr. 5 hr.
0.0 0 0 0
0.2 0 0 0
0.4 0 0 0
0.6 0 0 100
0.8 0 0 100
1.0 0 0 100
1.2 0 100 100
1.4 0 100 100
1.6 0 ioc 100
1.8 0 100 100
2.0 0 100 100
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TRl arious Gomconireriace oy Xed Wlen Txposed to
Quinine Time of Exposure
% 15 min. 1 hr- 5 hr.

0.0 0 0 0
0.2 0 0 0
0.4 0 0 0
0.6 0 0 0
0.8 0 0 100
1.0 0 0 100
1.2 0 0 100
1.4 0 0 100
1.6 0 0 100
1.8 0 0 100
2.0 0 0 100
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Acetylcholine paired witn 8uceinylcholine caused a highly

synergistic action. 1In Table 5, 1004 of all the animals were
gshown to have contracted within the first fifteen minutes,
This would be expected, since in all instances one or the
other of the compounds was present in sufficient coneentra-

tion to bring about contraction. Table 6 provides clear
evidence of synergism. Suceinylcholine bresent as a 1.8%
solution is lees than the 2.07 used alone, which did not
cause 100% contraction in 15 minutes. The bresence of very
little acetylcholine, one fourth the amount required to get
50% contraction even after 5 hours, produced 1007 contraction
within 15 minutes. The combination of 0.4 acetylcholine
with 1.2% suceinylcholine, not enough of either alone to
cauge 100% contraction even after § hours, causes 100% con-
traction within 15 minutes. But, when 0.9% acetylcholine
and 0.2% succinylcholine are together an anomaly occurs.
With 0.8% acetylcholine alone, 50% contraction occurs in
15 minutes and 100% in 1 hour. The presence of just a
little succinylcholine delays acetylcholine contraction.

On the contrary, ascetylcholine is highly sntagonistic
to d-tubocurarine. Table 7 shows that d-tubocurarine
relaxation was prevented by even small amounts (0.1%) of
acetylcholine. In § hours, 0.47 acetylcholine alonme gives
50% contraction; even 0.1% acetylcholine resulted in 100%

Contraction in 1 hour in the presence of d-tubocurarine.
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of Succinyleholine angd Acetylcholine

16

cted When Exposed to
Combined Solution

succinylcholine Acetylcholine Time of Exposure
% % 15 min. 1 hr. § np,
3.6 0.k 100 100 100
3.2 0.8 100 100 100
2.8 1.2 100 100 100
oL 1.6 100 100 100
2.0 2.0 100 100 100
1.6 2.4 100 100 100
1.2 2.8 100 100 100
0.8 3.2 100 100 100
0l 3.6 100 oo 10




Table 6: Percent of Tardigrades Cop
Various Concentrationg of

of Succinylcholine
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tracted When Exposed to
the Combineg Solution

and Acetylcholing

succinylecholine Acetylcholine Time of Exposure
% % 15 min. 1 hp, 5 hp.
1.8 0.1 100 160 100
1.6 0.2 100 100 100
1.4 0e3 100 100 100
1.2 0.4 100 100 100
1.0 0.5 100 100 100
0.8 0.6 100 100 100
0.6 0.7 100 100 100
Ol 0.8 100 100 100
0.2 0.9 0 80 100
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PHE T Various Consampraiocs SoTtaotes Mhen Sxposed 1o

of D~tubocurarine ang Acetyleholine elution
D-.tuboc;urarine Acetylcholine Time of Exposure

7, % 15 min. 1 pp, 5 hrs

1.8 0.4 ] 100 100

1.6 0.2 100 100 100

1.4 0.3 100 100 100

1.2 0.4 100 100 100

1.0 0.5 100 100 100

0.8 0.6 100 100 100

0.6 0.7 100 100 100

0.4 0.8 100 100 io00

0.2 0.9 100 100 100
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Here, the presence of d-tubocurerine makes tne tardigrades

more sensitive to acetylcholine.

Likewise, acetylcholine greatly antagonizes quinine.
In the pregence of even 0.1% acetyleholine, the quinine
relaxation is prevented. Quinine, as does d-tubocurarine,
sensitizes the tardigrades to acetylcholine (Table 8).

In Table 9 one sees evidence that although contraction
caused by succinylcholine overrides relaxation caused by
d-tubocurarine, some antagoniem appears evident.
is delayed in 2.0% succinylcholine by the presence of 1.0%
d-tubocurarine, e.g., and also 1.6% succinylcholine worked
less quickly in the presence of d-tubocurarine. However,
1.2% succinylcholine (causing no contraction alone) induces
407 contraction in the presence of 1.4% d-tubocurarine. As
ghown in Table 10 less d-tubocurarine in the presence of
1.27 succinylcholine leads to normality.

Suceinylecholine with quinine provides a different set
of actions, as can be seen in Table 11. The presence of
very small quantities of quinine (0.2%) makes 1.8%
succinylcholine more effective than it is by itself. Yet,
0.4% quinine delays contraction by 1.6% succinylcholine.
Even by the 5 hour observation period 1.2% and 1.0%
suceinylcholine would not be expected to cause contraction
of tardigrades, but does when accompanied by quinine. As

happens with acetylcholine, quinine tends o sensitizes

Contraction
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When Exposed to

one of the Combined Solut
and Quinine Lution

Acetylcholine Quinine Time of Exposure
% % 15mine 1 hr. 5y,
0.9 0.2 100 100 100
0.8 0.l 100 100 100
0.7 0.6 100 100 100
0.6 0.8 100 100 100
045 1.0 100 100 100
0l 1.2 100 100 100
0.3 1.4 100 100 100
0.2 1.6 100 100 100
0.1 i.8 100 100 100
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bl 7 FAETALY SL TS Sttty s

of Suceinylcholine and D-tubocurarine
suceinylecholine  D-Tubocurarine Time of Exposurs

% % 15 min. 1 hr. 5 pp;

36 0.2 100 100 100

3.2 0.4 100 100 100

2.8 0.6 100 100 100

2.4 0.8 100 100 100

2.0 1.0 0 100 100

1.6 1.2 0 100 100

1.2 1.4 0 ko ko

0.8 1.6 0 0 0

0. 1.8 0 0 0
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0. Percent of Tardigrades Affecteq w
Table 1 Various Concentrations of the ¢
of Sucecinylcholine and D-tuboeu

hen Exposed to
ombined Solution
rarine

succinylcholine D=-tubocurarine Time of Exposure

7 % 15 mine 1 he. 5 pp.
1.8 0.2 0 0 0
1.6 0.k 0 0

1.4 0.6 0 0 0
1.2 0.8 0 0 0
1.0 1.0 0 0 0
0.8 1.2 0 ° ?
0.6 1.4 0 0 0
0.b 1.6 0 ° °
0.2 1.8 0 ° ’
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11. Percent of Tardigrades Contracted When
Teple L% Various Concentrations of th Exposed to

e Combined g
of Succinylcholine and Quinine olution

succinylcholine Quinine Time of Exposure

% % 15min. 1 hr. 5 pp,
1.8 0.2 100 100 100
1.6 0.4 0 100 100
1.4 0.6 0 100 100
1.2 0.8 0 0 100
1.0 1.0 0 0 100
0.8 1.2 0 0 0
0.6 1.4 0 0
0.l 1.6 0 0 0
0.2 1.8 0 0 0
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rable 12. Percent of Tardigrades Relaxed Wh
Various Concentrations of the Comggnﬁpgifdtgo
of D-tubocurarine and Quinine vion

D-tubocurarine Quinine Time of Exposure

7% % 15 min. 1 hr. 5 pp,
1,8 0.2 0 0 100
1.6 0.4 0 0 100
1.4 0.6 0 0 100
1.2 0.8 0 0 100
1.0 1.0 0 0 0
0.8 1.2 0 0 0
0.6 1.4 0 0 0
0l 1.6 0 0 0
0.2 1.8 0 0 0
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although belatedly, the animal %o suceinyleholine

The combination of d-tubocurarine and quinine (ag
shown in Table 12), caused a relaxation of the tardigrades*
bodies, yet 1t took larger concentrationg of each to accom-
plish this. A solution of 1.2% d-tubocurarine ang 0.87
quinine relaxed the tardigrades by the 5 houp observation
period. By litself, 1.2% d-tubocurarine ean cause a relaxa-
tion in 1 hour and 0.6% in 5 hours. Alse 0.8% or stronger
quinine solutions cause a relaxation within 5 hours. Although
both are relaxing agents, they are not synergistic, but
actually delay and reduce the effectiveness of each other

to the tardigrades.
DISCUSSION

The observable effects of the four compounds are not
totally unexpected. When there is an increase of acetyl-
choline, the chemical neural transmitter in mammsls, a
depolarization of the receptor results. Acetylcholine
causes a contraction of the tardigrade body and leg muscles,
suggesting a depolarizing system similar to the mammalian
8ystem. Succinyicholine enhances the depolarization of the
receptor in mammals. The contraction of the tardigrade
caused by succinylcholine is what might be expected, if its
action is similar to that in mammals. The two chemicals are

highly synergistic in their actions, for less of el ther
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compound was required to produce a resetion when combineqd
[

than when used individually. There ig one evidence of delay

when a very subminimal amount of suceinyleholine (0e27) ig
present with 0.9% acetylcholine, a sufficient quantity to
cause contraction by itself. Rather than the expected
immediate contraction, no reactions were observable at the
15 minute observation period and only 80% of the tardigrades
were contracted within an hour.

D-tubocurarine and quinine both block the transmig-
sion of motor nerve impulses in mammalian systems. These
two chemicals cause reactions opposite those of acetylcholine
and suceinylcholine« The combination of d-tubocurarine and
quinine, however, did not act synergistically in tardigrades.
Since the two compounds act by different modes and at dif-
ferent levels, this is believable. By delaying and reducing
each other's effectiveness, these two chemicals actually
show evidence of an unexpected antagonistic effect. The
mechanism for this is presently unexplained.

The sensitivity of the tardigrades to acetylcholine
in the presence of d-tubocurarine is unlike reactions
deseribed for the mammalian system. /Goodnan and Gilman
(1965) describe the chronically denervated mammalian muscle
as being more sensitive to acetylcholine than normal muscleJ
In both denervated and normal muscle d-tubocurarine raises

higher threshold to acetylcholine. Bbut in tardigrades, 1n
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the presence of 1.6% d-tubocurarine, ag little as 0.29
v L0

acetylcholine caused a contraction within 15 minutes. Tig
faster action of the acetylcholine at 8n even lesser concen-
tration than when used alone is a reversal of the actiong
described in the mammalian system,

Some future studies should deal with introducing the
chemicals in sequence rather than at the same time. For
instance, one might first relax the tardigrade with
d-tubocurarine, then put the relaxed animal in acetylcholine.
Since the action of the d-tubocurarine alone is slower than
the acetylcholine's, different reactions may occur when the
d-tubocurarine is allowed to exert its actions first.

Likewise, with the combination of acetylcholine and
quinine, the quinine is much slower in its actions. The
acetylcholine's action may teke effect before the quinine is
able to. The quinine appears to enhance the action of
acetylcholine, for even 0.1% acetylcholine causes a contrac-
tion of 100% of the animals within 15 minutes. If the
tardigrade has a cholinesterase, then the enhancement of the
acetylcholine effect by the presence of quinine could be
explained. Quinine can act as an inhibitor of cholinesterase,
a8 well as a desensitizer of the end-plate. Action asa

cholinesterase inhibitor could account for the increased

effectiveness of acetylcholine.

; ine
The combinstion of succinyleholine and d-tubocurarifl
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provides a unique set of results. Alone, g solution of 1,6%

succinyleholine will cause 60% of the tardigrades to contract

within 15 minutes and 100% within an hour. But the stne
concentration in the presence of 1.2% d-tubocurarine causes
no reaction within 15 minutes and 100% contraction within an
hours

The same concentration of succinylcholine combined
with a lesser amount of d-tubocurarine, 0.4%, causes no
change in the animals even after 5 hours. Since there is a
delayed contraction and even a stoppage of the contraction,
there igs a definite antagonism occurring between the two
compounds. However, there also is a synergism occurring
between succinylcholine and d-tubocurarine. When 1.2%
succinylcholine is in the presence of 1.4% d-tubocurarine,
4L0% of the tardigrades were contracted. The same concenira-
tion 6f succinylcholine in the presence of 0.8% d-tubocurarine
causes no apparent action on the tardigrades. Since 1.2%
succinylcholine is ineffective by itself, the excess of
d-tubocurarine may have sensitized the tardigrade to the
suceinylcholine. These are not like the results reported
by Walts and Dillon in 1969. Their study concerned the
interaction between succinylcholine end d-tubocurarine in

man. They reported that when succinylcholine was adminig-

tered after a prolonged block by d-tubocurarine,

suceinylcholine reversed the block, but its actions were
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followed a small dose of
d-tubocurarine, the succinylcholine bloek ¥as significantly

diminished. If the succinylcholine

reduced in duration and in intensity.

Since thelr study concerned the compounds adninistered

in sequence rather than simultaneously, no direct comparison

can be made. This may account for the differences between
the data of the two studies. Future studies with the tapdi-
grades should include sequential administration of chemicals
to the animal. Comparison of that data with known facts
about mammalian systems might indicate similarities and
dissimilarities in mechanisms.

The combination of succinylcholine and quinine is
very similar to the combination of succinylcholine and
d-tubocurarine in that there is an enhanced delayed
reaction. A concentration as low as 1.0% succinylcholine
in the presence of 1.0% quinine will cause contraction of
the tardigrades within 5 hours. There was no contraction of
the animals by the 1.6% succinylcholine in the presence of
0+5% until the 1 hour reading.

Since the tardigrade and man are vastly different in
structure and probably in chemical composition, it would be
expected of the two types to react differently. At present,
many of the reactions of the tardigrade are unexplainable.

i i n lead
A series of observations concerning their reactions ca

to information about the mechanisms involved: IN 1969,
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for
meny phyla with pertinent information ang references on

Kaplan published a survey of anesthetizing techniques

their respective anesthetizing agents. Tardigrades were not

included 1n this survey, as no literature is available con-

cerning this phylum. The mode of actions are known fop only

a few of the techniques. Further studies would be useful to

learn the mechanisms in all of these invertebrates,

a8 well

as in tardigrades.
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