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Having investigated for several years the K- and tryptamine-sensitivity
of adductor-response of glochidia (LABOS and SALANKI 1963, LABOSs et al. 1964,
LABos 1966, 1967) we could state that the intensity of responses show con-
siderable variations. These variations exist under apparently identical circum-
stances, thus necessitating a more thorough study of some laboratory con-
ditions (temperature, properties of the solvent, as pH, ion composition etc.).

The degree of rhythmic-tonic adductor-response is of importance also
from the point of view of the development of individuals. For instance the
responding capacity of a glochidium and its changes—getting from the gills of
the parent animal into the water—may be of decisive importance as regards
the possibility to get into a parasite-state on the gills and fins of fishes (HarMs
1908, 1909, AreY 1921, HEARD and HENDRIX 1964, LukAacsovics and LLABOS
1965). Furthermore it is open to question whether there exist any endogenous
sensitivity variations connected with seasonal changes or with the ontogenesis,
independent from the non-specific seasonal changes of the environment, e.g.
Balaton-water.

Methods

We have investigated under different circumstances rhythmic and tonic
muscular responses triggered by KCl and tryptamine in glochidia of Anodonta-
species.

The animals were observed in groups consisting of 25 100 individuals
in the presence of the given agent and the number of rhythmic contractions
performed in a minute (a/min) respectively the ratio of the larvae in closed
state (c9%,) was noted.

In the course of investigations lasting for several years (1960 -1967) we
used ordinary tap-water, Balaton-water as well as distillated water as solvent
for the KCl and tryptamine. The use of Balaton-water is justified because it
is the natural medium of the animal during the time when getting out of the
gills and reaching the parasitic state. Nevertheless in this case we have to
deal with a substance which is very variable from physico-chemical viewpoint
thus being difficult to be characterized satisfactorily. The use of distillated
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water is reasonable owing to its rather stable character; nevertheless it is no
“physiological” medium.

The agents used were: tryptamine HC1 (Fluka), serotonine-creatinine
sulphate (5-HT) and KC1 of high purity.

a/min

Fig. 1A. — Dosage-effect curve of a population unsensitive against K +-. Balaton-water,
April, 24—27 °C. Abscissa: KOI - concentration in mM; Ordinate: Number of contrac-
tions of 100 glochidia in 10 min
B — Frequency- (1) and time course of tone ratio (2) of a less sensitive population.
Distillated water - 100 animals, Mid-October, 25 °C
(With this and all further figures we give mean values of 100 animals, except for Fig. 7)

1 abra. K +-érzéketlen feltételek, illetve populacidk
A — KC1-érzéketlen populaci6 dozishatas-gorbéje

Balatonviz, aprilisi populacio, 24—27 C°; Abscissa: KCI-koncentracio mM-ben; Ordinata:

] 10 perc alatt 100 glochidium altal teljesitett kontrakciok szama

B — Erzéketlenebb oktéberi populacié frekvencia (1) és ténusarany id6gorbéje (2).
Desztillalt viz — 100 allat, oktéber kdzepe, 25° C

(Ennek és a tovabbi abraknak minden egyes pontja 100 db glochidiumon végzett mérés,
atlagértéke. Ez aldl csak a 7. abra kivétel. Lasd ott.)



Results
1 Variations of the K +-sensitivity

The maximum of KCI-sensitivity is represented by a concentration of
about 100 pM, while its minimum is around 2.5—3 mM, anyway without an
artificial complement (r.g. ion-addition; Labos 1967). Thus if we use the various
solutions randomly in different seasons, we may reckon 25—30 fold variations,

in the sensitivity.
In Balaton-water (see Fig. 1\A resp. Curve 2., Fig. 2) the concentration
needed for a few hundred contractions and that for a tone of 50% in 10 min

0

Fig. 2. KCl-response and tone-ratio — time diagrams
Abscissa: time, ordinate: ratio of individuals in tonic contraction at the given time for-
100 animals (in %)
1. 1 mM KC1, distillated water, December,
2. 1 mM KC1, Balaton-water, April

2. abra. KCl-valasz és ténusarany-idé diagramok
Abscissa: id6; ordinata: 100 db allat kozil az adott id6pontban tdnusos kontrakciéban
levé egyedek aranya (%)
1 mM KC1; oldészer: desztillalt viz, honap: december,
1 mM KC1; old6szer: Balatonviz, honap: aprilis

1
2.

may vary between 1 3 mM. In distillated water (Fig. 2 Curve 1 resp. Fig.
1IB) during the whole glochidium-season  except the beginning (October) a
nearly constant sensitivity could be observed. At the beginning of October a
small degree of sensitivity can be met both in Balaton water and in distillated
water (Fig. 1/B). Solution and seasonal dependences are shown in Table I.

2. Dependence of K +-response on the temperature of environment

In the course of the experiments we collected the glochidia —as a rule
from source-animal living in Balaton-water which was generally cooler than
the room temperature. Observations were made in a medium of room tempera-
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Table T

Dependence of the sensitivity of glochidia on the solution and the season

Suppositions
Month Balaton-water Distillated water
Balaton water Distillated water
Mid-October ‘ Low sensi- Low sensi- osmotic immaturity
‘ tivity tivity*
November- Moderate High sensi- Balaton water No antagonistic
March sensitivity tivity** undergoes ions are present
: - changes
March-May Decreased High sensi-
sensitivity tivity
|
* = Fig. 1/3
** = Fig. 2/1
ture. Some times the populations were kept a day or more — with a small

density of animals — at room temperature or at 4-—10 °C in refrigerator. Thus
it is obvious that temperature changes might play a part among the causes of
sensitivity variations.

To clear this problem we divided the glochidia coming from the same
mother-animal in two groups. One group was kept at 20—26 °C for some days,
while the other remained in Balaton water at 6 —10 °C. On both groups we
observed daily the effect of a KCl concentration of 1-—1.5 and 2 mM. The
above temperatures were kept unchanged during the observations.

In the warmer medium K*-response was observed for 4 days, while in
the cooler — one for 11 days, till the animals died.

We observed the rate of the tone in the case of animals kept in warmth
to increase from day to day when using the same concentration of KCIl. That
was characteristic for all three concentrations (Fig. 3, upper row of graphs,
curves marked 1). The response of animals kept in cold appeared for 1—-4—5
days practically without tone so that the responses of the two groups kept at
different temperatures deviated more and more. But later—beginning from the
4th—5th days — we found a gradually increasing tone even in the group
adapted to low temperature ( Fig. 3, upper row, curves marked 2).

The frequency of rhythmic activity shows also characteristic variations
in the two groups. At all three concentrations in the warm-group the frequency
was increasing on the 2nd day, then it decreased (Fig. 3, lower curves). The
response of the group with cold adaptation, on the other hand, became less
frequent from day to day and the variations were larger. When applying the
2 mM KCI concentration we got a frequency-maximum parallel to the tone-

minimum (#ig. 3, lower row, last graph, curve 2). Parameters characterizing
10

the rhythm and tone (' = number of contractions performed by 100 animals
in 10 minand, ¢(9,)is the percentual ratio of animals found in tonic state at the
10th min) are not independent. Fig. 3 shows that the cases of higher frequency in
the cold-adapted group are connected in general with a lower level of tone.
On the other hand, we can observe a deviation in the correlation of the fre-
quency-tone ratio of the two groups, so that at low temperature a higher fre-
quency is to be expected together with the same lower tone-ratio.
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The effects of sudden and significant temperature changes are shown in
the experiments where groups consisting of 5x 100 larvae were used:
1. group: the mother animal was collected from Balaton-water and the
glochidia were put in distillated water of 22 °C (control),
2. group: stored for 1 hour at 6 °C,
3. group: stored for 1 hour at 37 °C,
4. group: stored for 1hour at 37 °C, then immediately after it for 1 hour
at 6 °C,
5. group: stored for 1 hour at 6 °C, then immediately after it for 1 hour
at 37 °C.
The tone ratios observed at 1.5 mil KC1 concentration after 120 min in
the five groups were (Fig. 5): 94 — 76 — 92 — 34 — 34%.
We can state that the sudden temperature change of significant value
decreases the duration of tone, i.e. increases the degree of the so-called late-
relaxation.The latter follows the tone and not a phasic contraction (LABOS 1967).
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Fig. 3. Effect of 1, 1.5 and 2 mM KC1 on the same population, at 20—25 °C during
4 days (1) and at 6—10 PC during 11 days (2) respectively

The upper diagrams show the C]0(%)-values, the lower ones the number of contractions

performed by 100 animals in 10 min. Horizontal lines show the values the first day

3. abra. 1, 1.5 és 2 mM KCI hatdsa ugyanazon glochidium-populacion 20—25 C°-on
4 napig (1), illetve 6—10 C°-on 11 napig (2)

A fels6 diagramok a CI0(%) értékeket, az alsok pedig a 100 allat altal 10 perc alatt teljesi-

tett kontrakcidk szamat mutatjak. A vizszintes vonalak az elsé napi értékeket jeldlik

2 Tihanyi Evkényv
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3. K +-response and pH of the medium

The pH-dependence of the K +-response was investigated by observing
the tone ratio at the 5th, 10th and 20th min with pH-values between 5—29.
The investigation was carried out in November, with distillated water as solu-
tion. Temperature of the medium was 22—25 °C and only freshly collected
animals were used. On Fig. 6 we can see the pH-dependence of responses
against a concentration of 2 mM KC1 (curves A-2 and B-1-2-3). We can state
in general that the tonicity increases towards the direction of alkalinity. So the

Vo &

Fig. 4. Connection between corresponding values of tone-ratio (C%) and number of
contractions performed by 100 animals in 10 min at two different temperature levels

4. d&bra. Az dsszetartoz6 tonusarany (C%) és 100 allat altal 10 perc alatt teljesitett-kon-
trakcioszam értékek odsszefiiggése két kiilonb6z6 hémérsékleten

Table 11
Dependence of sensitivity against tryptamine and solvent in glochidia

Season Balaton-water Distillated water Tap-water
Beginning of low activity
October
Winter High activity low activity or lack High activity
Spring Decreased activity of activity Decreased activity

tone ratio values of 5 min follow the regression: ¢cX%) ~ 7.1 (pH) — 27 with a
correlation coefficient of r > 0.9. It is characteristic that the values of 10—20
min show a decrease in the case of pH < 7 (acidic solutions) up to the pH-value
of about 5.5, while they increase again with the decrease of pH about pH ~ 5.
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In one of our experiments with a KC1 concentration of 1 mM at the 10th
min (Fig. 6/A, curve marked 1) we could observe a tone decrease when progres-
sing towards the alkalinity instead of the decrease as mentioned above.

C(%)

Fig. 5. Effect of a temperature jump on the K +-tone
Tone-ratio-time diagrams (explanation in the text)

5. abra. A hémérsékletugras hatasa a K-ténusra
Tonusarany—id6 diagramok (Magyarazat a szévegben)

4. Examination on tryptamine sensitivity

Very early populations (October) show, as a rule, hardly any sensitivity
(see Table I1). In winter we find a high sensitivity in Balaton-water and a low
one in distillated water. In spring sensitivity decreases in general (Labos et al.
1964, Labos 1965). Tryptamine solved in distillated water has little or no
effect at all, but when alkalinizing the medium we obtained a considerable
tryptamine response (see under 5).

5. Relation between tryptamine-response and pH of the medium

Fig. 7 shows the dependence of the number of rhythmic contractions
on the pH. We can see that the effect is considerable mainly in the alka-

2*
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C(%) C(Ve)

Fig. 6. Dependence of KCIl-response on pH
The values of C5, CI0iirnM Cz0 represent the tone-ratio-values in found at the 5th, 10th
andJ20th min; November; distillated water; tris-maleate buffer of 3 mM concentration;
temperature 22—25 °C

6. abra. A KCl-valasz pH-fiiggése
A C5 Cl0és CDértékek az 5., 10, illetve a 20. percben talalt tonusarany-értékeket jelentik
%-ban. Novemberi populaciék; oldoszer: desztillalt viz; 3 mM trisz-maleat puffer;
hémérséklet: 22—25° C

Fig. 7. Dependence of tryptamine effect on pH; distillated water; 10 /tg/ml tryptamine,
winter; temperature: 22—25 °C, number of glochidia: 25

7. é&bra. A triptaminhatas pH-fliggése
Oldoszer: desztillalt viz; 100 /tg/ml triptamin; téli populacié; 25° C hémérséklet; 25
glochidium
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linic domain 8 < pH < 9 and at a neutral pH we get practically no res-
ponse at all. The investigations were carried out in a tris-maleate buffer of
3 mM. Because of the presence of a given amount of organic material, even

0 pH=86
2a 2,5 mekv/lit

Fig. 8. Rhythmic and tonic muscular response produced by 100 ug/ml tryptamine, in a
2.5 and 5 mekv./lit. tris-maleate buffer. Distillated water, spring, room temperature

8. abra. 100 pg/ml triptaminnal kivéltott ritmikus és ténusos izomvdlasz, 2, illetve 5
mekv/lit. triszmaledt pufferben. Oldészer: desztillilt viz, tavaszi populdcib, szoba-
hémérsékleten

with a use of buffers at low concentration, it is rather difficult to carry out
an isolated study of H'-ion effect. In the following we used tris-maleate
buffers of 5 mM and 2,5 concentration at pH 8.6 and 5.6. It is obvious
from the figure (Fig. §) that an alkalinic pH value is only a necessary con-
dition of the high sensitivity, since a too high buffer-concentration may cover
thiseffect, i.e. the effect necessitates the absence of different inhibitory factors.
Nevertheless this can not be realized by the application of buffers alone.
As in earlier experiments the response of the glochidia against 5-HT (LLABos
et al. 1964, LLABos 1966) could not be observed either in this case even by
alkalinizing the medium.
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Discussion

The explanation of high K -sensitivity perhaps requires the supposition
of an unusual mechanism. Without dealing the problem in detail we note that
above all the potentials of electrokinetic nature of colloidal systems (see e.g.
BuzAcH 1958) are sensitive against an ion-concentration of 10~* M. The Nernst-
mechanism furnishes a satisfactory explanation only in the case when the
critical threshold of K*-depolarisation is very low.

The intensive variations of the latter can be caused by the presence or
absence of K*-antagonistic ions. Observation of T'able 1 may lead to the hypo-
thesis that the higher sensitivity observed in distillated water could originate
in the lack of K* antagonistic ions (Na™, Mg?*, Ca’") of the other solution
i.e. of the Balaton-water. Data on ion-antagonism (L.ABoS 1967) and on the
composition of Lake Balaton-water (ExTz, 1953, 1959) make this explanation
obvious. But the explanation does not hold for the low sensitivity in Octo-
ber (Table I., Fig. 1|B), found with both solutions. The explanation may be
brought in connection with the immaturity of early glochidia. It seems pro-
bable, namely, that the larvae more adapted to the maternal lymph and ready
for the life in fresh water must pass through certain ripening stages to be able to
get adapted to osmotic variations. A further question is the change of sensiti-
vity presenting itself in winter andspringand observable only in Balaton-water.
Therefore these variations may origine in the alteration of chemism of the Bala-
ton-water, e.g. theincrease of activity and of Ca®" ionization (ExTz 1953, 1959).

Thus variations in K sensitivity cannot be explained by onereason alone.
Among the reasons changes in the animal and those of the , natural medium”
are equally probable. Only the early change might be of ontogenetic origin.

For the interpretation for variations of nonseasonal character the thermic
past of the larvae seems to be sufficient. On the one hand: the intensity of
metabolic activity of oyster-mantle decreases with the change of temperature
of any direction (PEDERSEN 1947), but on the other hand: the cold-adaptation
may induce a K*-lost in other species, e.g. in Loligo-nerve (SHANES 1954),
or in erythrocytes (SoLomox 1952). In the case of glochidia the steadily hypo-
osmotic environment (fresh-water or Balaton water) may easily lead to ion-
loss serving as explanation for the phenomena under consideration.

The variations of tryptamine sensitivity are of a different character.
One of them is that the sensitivity decrease of spring could be observed both
in tap-water (LABos et al. 1964) and in Balaton water. Thus this variation
can not be explained by the changes of the environment. However it should
be noted that the pH of the Balaton-water is 7.9 —8.8, therefore a high trypt-
amine response could sooner be expected here than in neutral or acidic distillated
water. Thus the pH-variation would be sufficient to explain the inhibiting
effect of distillated water, since we have no activity with a neutral pH, but
with a corresponding buffer we may still produce a high rhythm even at spring
and in distillated water. The alkalinic pH, of course, may bring about an
effective acceleration of both permeation and alkalinic hydrolysis.

We have to point out the fact that the change of solvent: Balaton-water
=~ distillated water cause opposite changes in K*- and tryptamine-responses
argumenting for a different mechanism.

The dependence of K*-effect on the pH shows a surprisingly good linear-
ity when measuring at the 5th min which itself could be explained in a
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satisfying manner by simple kinetic conceptions. Nevertheless, the pH-
dependence is connected with K*-concentration, furthermore the toneincre-
ase observable in an extremely acidic environment (see Fig. 6 at pH ~ 5)
points also to an activation of a further reactive system.

Summary

An experimental analysis on K7 - and tryptamine-sensitivities of rhyth-
mic and tonic adductor-response in Anodonta-larvae was made and their
dependence from temperature, osmotic and pH-changes was investigated.

The low value of K*-sensitivity in October is supposed to be in connec-
tion with the osmotic immaturity of the larvae; the higher sensitivity found
in distillated water was attributed to the absence of antagonistic ions while
the sensitivity-decrease in spring to the changes of Balaton-water.

The possibility of a change of ontogenetic character can not be excluded
in the decrease of tryptamine response in spring. In distillated water no trypt-
amine response was found while there is a high K~ response.

For the pH-depence of the responses it is characteristic that

1. the K™ — tone increases in general with pH between 6 and 9; a pH <~ 6
again — decreases the tone,

2. the tryptamine-rhythm -- in case of a corresponding buffer — is
pronounced with an alkalinic value of pH, but it is very low with a neutral pH.

In the case of K*-response the importance of temperature adaptation
was demonstrated. The cold-adapted animals give a less tonic response with a
rhythm of higher frequency. The animals are capable to response for 11 days
at temperatures of 6 10 °C, and for 4 days at temperatures of 2025 °C.
The jumps in temperature are of a sensitivity-decreasing effect.
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A KOZEG HOMERSEKLETENEK ES pH-JANAK SZEREPE
AZ ANODONTA CYGNEA L. GLOCHIDIUMOK K+- ES
TRIPTAMIN-ERZEKENYSEGENEK ELTERESEIBEN

Ldbos Elemér és Lukacsovics Ferenc

Osszefoglalas

Anodonta-lérvék ritmikus és ténusos zardizomvalaszdnak K +- és triptaminérzé-
kenységét és ezeknek kiils6leg szezondlis és egyéb jellegli vdltozésait elemeztiik kisérletesen.

Az alacsony oktéberi K-érzékenységet a ldrviak ozmotikus éretlenségével, a desz-
“tillalt vizben tapasztalt magas érzékenységet az antagonista-ionok hidnyédval, a tavaszi
érzékenységesokkenést a Balatonviz valtozasdval hozzuk osszefiiggésbe.

A ritmikus triptamin-vélasz nagysdgdnak tavaszi csokkenésében az ontogenetikus
jellegli valtozds nem zdrhaté ki. Desztilldlt vizben nines triptaminvédlasz, de nagy a
K+-érzékenység.

A vélaszok pH-fiiggésére az aldbbiak jellemzGek:

1. a K*-ténus dltaldban né a pH-val 6 —9 kozott; pH 6 Gjra ténusnovels;

2. a triptaminritmus — megfelel6 puffervilasztds mellett — ligos pH-n kifeje-
zett. Neutrdlis pH-n igen alacsony.

A K-vdlasz esetében a héadaptacié fokozott jelent6ségét mutattuk ki. A hideg-
adaptalt dllatok kevéshé ténusos és nagyfrekvencidju ritmussal vélaszolnak. 6—10 C°-on
11, 20—25 C°-on 4 napig vilasz (élet)képesek. A hémérsékletugrdsok elzekenyseg -esok-
kentéek.

POJIb TEMIIEPATYPbI U pH CPEIbl B PA3JIMYHON UYBCTBUTEJILHOCTU
MNIOXWOMEB BE33VBEKM K TPUIITAMMHY WM HMOHAM KAJIMS

3. Jlabowm n ®. Jlykauesuu

Bbuin npoaHaIM3upOBaHbl MPUYMHBI HAOIIONAIONIMXCST CE30HHBIX M HHBIX HM3MEHEeHHIT
YYBCTBUTEJIBHOCTH PUTMHYECKMX M TOHHYECKMX peaKUMil 3anMpaTesibHOil MBILIM TJIOXHIHEB
0e33y0OKHM K KaJIMI0 U TPUIITAMUHY.

Pe3yIbTaThl HCCIIe0BAHHST TIOKA3BIBAIOT, UTO HU3KAsh YYBCTBUTEILHOCTh K HOHAM KaHsi
B OKTsIOpe CBSI3aHA C OCMOTHYECKHM HeJ0PA3BUTHEM JIMUMHOK, A BBICOKASI UYBCTBUTEJILHOCTD K
JIECTHJUINPOBAHHOH BO/Ie C OTCYTCTBHEM MOHOB aHTarOHMCTHYECKOro jeicrsus. Becennue H3-
MEHEHHUsI YYBCTBUTEJIbHOCTH CTaBsITCSl B CBsI3b C M3MEHEHHeM cocTaBa BoJbl BanaroHa, HO B
BECEHHEM CHIYKEHUH YYBCTBUTEJILHOCTU K TPUNITAMUHY MOT'YT UTPATh POJIb M OHTOT'€HETHYECKHe
M3MEeHEeHHs1 caMUX JIMUMHOK. OTBET Ha TPUNTAMUH He HAa0JI0aeTcst B JIeCTHIIMPOBAHHOM BoJle.

3aBUCHMOCTHL OTBeTA JIMUMHOK OT -pH TakoBa:

1. KasineBnlif TOHyC IVIOXHAHCB yBeJaHunBaercs mexxay pH 6—9.

2. TpUNTaMHHOBBII PUTM 00Jiee BblpayKeH NMpPH 1LeJIOYHBIX 3Ha4YeHusix pH, B HeliTpasb-
HOH >Ke cpejie OH 0YeHb HHU30K.

Jst peakiMu HA KaJHii UMeeT 3HAYeHHe TerUioBasl ajanTaiusi: JUYUHKH, alanTHPOBAH-
HbIe K X0JIOY, PearupyioT Ha KaJlui MeHee TOHMYHO U PUTMOM BBICOKOIT amminTyael. OHu nepe-
HOCSIT TemnepaTypsl 6— 10° B Tedenne 11 jueit, a 20—25° B Tevenue 4 jgueil. Peaxue nameHeHus
TeMIepPaTyTPhl CHIYKAIOT 4yBCTBHUTEIbHOCTb JMUYMHOK.,
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