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I t was found that the electrocardiogram (ECG) in the Invertebrata 
is different in myogenic and in neurogenic hearts. Most of the authors concluded 
that the ECG of Mollusca is similar to the myogram of the smooth muscles 
(E v a n s , 1912; A r v a n it a k i  and C a r d o t , 1933; H e n d r i c k x , 1945; I n o u e  
et al. 1950). In the EEG of Insecta slow as well as fast waves were separated 
of considerably different duration of cycle and amplitude (D u w e z , 1936; 
C r e s c i t e l l i  and J a h n , 1938; P r o s s e r , 1950; M a t s u i , 1955; I r is a w a  et al. 
1956). For a long time the shape of the ECG was taken as one of the basic 
criteria in the classification of the hearts and consequently, according to the 
origin of the rhythm the terms “myogenic” and “neurogenic” became generally 
used. Recently, however, some objections were raised against this distinction 
(M cC a n n , 1970). This is the more justified, as the ECG of “myogenic” and 
“neurogenic” hearts was not studied with identical methods and so to empha
size the differences is not well-founded in all of the cases.

In our experiments the ECG of Gastropoda and Insecta hearts were 
compared as well as the effects of 5-hydroxytryptamine (5HT) and calcium 
ions on the ECG were studied.

Material and method
Experiments were carried out on the in situ hearts of Helix pomatia l . 

(Gastropoda) and ofLocusta migratoria migratorioidesв,, г. (Insecta). The dissec
tion and the perfusion of the hearts were made as had been described earlier 
(S.- R ó z s a  and G r a u l , 1964; S.- R ó z s a  and V.-S z ő k e , 1970). For recording 
ECG suction electrodes were used. In most of the cases both electrodes were 
placed to the surface of the ventricle (Fig. 1.) In some cases, however, one 
of the electrodes was put onto the auricle and another onto the ventricle. 
When the shape of the ECG was studied both of the electrodes were placed 
onto the auricle. In unipolar recording one of the electrodes was dipped into 
the surrounding fluid ( Fig. 1). The tip of the suction electrodes varied between 
1.0—2.5 mm. ECG registration was done with the standard photorecorder 
of the oscilloscope (Kardotester, Orion, Typ. 5101).

The substances were given to Helix by perfusion into the heart while 
to Locusta by change of the washing fluid to the surface. The experiments 
were performed at room temperature (20—24 °C).
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Fig. 1. T he  loca tion  o f  th e  reco rd ing  e lec trodes on th e  H elix  h e a r t  A  =  auric le , V  =
ven tric le

Results

The ECG of Helix heart can be registered in the form of bipolar or uni
polar electrical signs characterized with some changes depending on the 
location of the recording electrodes.

a) In  the case of auriculo-ventricular bipolar recording ( Fig. 1) the 
ECG contained two fast waves of opposite direction. The direction of the poten
tials proved th a t the conduction of the impulses is carried from the auricle 
to  the ventricle. The second fast wave always exceeded the first one. The 
fast components were accompanied by a slow negative wave (Fig. 2A). 
The most variable p a rt is the slow wave differing from one heart to  another 
in amplitude, duration and period as compared to the fast waves. The ampli
tude of the fast waves was altogether 18 ±  1-92 mV, the duration of a whole 
cycle varied between 120—250 msec,

b) W hen both leading electrodes were on the auricle the am phtude 
and the duration of the fast waves were identical w ith  th a t of the previous 
registration, bu t their direction depended on the place of the electrodes. 
In  most of the case the slow wave failed to  appear or had pozitive value (Fig. 
2B).

c) Unipolar registration. W hen one of the electrodes was dipped into 
the fluid a unipolar form of the ECG could be registered, whose am phtude 
was 10 mV with a duration of 250 msec (Fig. 2G).
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The fast waves appeared in each experiment with constant frequency 
simultaneously with the rhythm of the heart. Without external influences 
the ECG remained unaltered as long as 8 — 10 hours. However, considerable 
differences can be observed in the ECG of different hearts. In our experiments 
the frequency proved to be 24—48 cycle/min. The value of the amplitude 
was not influenced by the frequency. No relationship was observed between 
the duration and the frequency of the impulses for higher frequency was not 
accompanied by shorter duration.

The ECG of the Locusta hearts resembles in its shape to that of Helix 
and can be registered also as a bipolar or unipolar wave depending on the 
mode of the registration (Figs. 3 and 4). The values of the amplitude of the
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Fig. 2. ECG  from  H elix  h e a r t in  d iffe ren t m ode o f  reco rd ing
A. lead ing  o ff from  auricle  ven tric le
B . lead ing  o ff from  ven tric le-ven tric le

A

~\l0mV

0,5 sec

Fig. 2. E C G  o f Locusta h e a rt
A. ECG  from  th e  second an d  fo u ith  ab d o m in a l h e a rt cham bers
B. ECG  from  th e  second ab d o m in a l h e a r t  cham ber
C. U n ip o la r ECG
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Fig. 4. E C G  from  Locusta h e a rt . V ariab ility  o f  th e  th e  slow w aves

fast waves draw near (18 ±  2.44 mV) to that of Helix. The duration of the 
potentials was a little shorter in the Locusta heart: 100 — 180 msec. The fre
quency of the fast waves was 24—42 cycle/min. Also in this case the slow 
wave proved to be the more variable part of the electrical activity of the heart. 
In some cases the slow wave followed immediately after the fast ones but 
in other cases it was postponed in such a degree that seemed to precede the 
next fast wave ( Fig. 4A,C). The variations of the slow wave could be observed 
on the same animal without any external influences. Occasionally in Insecta 
a second fast wave arose with lower amplitude (Fig. ЗА). No oscillatory 
electrical changes were observed between the fast waves of the Locusta heart.

5-hydroxytryptamine (5HT) and alteration of the external calcium 
ion concentration proved to be very effective in influencing the heart rhythms 
as well as the ECG. The changes under these agents were estimated on the 
fast waves as it was satisfactorily stable on the control hearts.

Applying 5HT the rhythm as well as the frequency of the ECG increased 
on Helix heart. Simultaneously the amphtude of the fast waves decreased. 
The decrease of the amplitude was significant beginning from 10 ~8 M concen
tration of 5HT. 5HT increased the frequency by about 200 per cent at 10-6 M 
concentration ( Fig. 5). Higher concentrations of 5HT failed to cause further 
increase in the frequency even very high concentrations (10~3—10~2 M) of 
5HT decrease the frequency.

Having raised the concentrations of the external calcium ions both 
the amplitude and the frequency of the ECG showed some increase in Helix 
heart but this never exceeded the control value more than 25 per cent. In 
most of the cases the increase was only about 10 per cent.

In Ca++-free solution an increase in the frequency and a decrease 
in the amplitude of the ECG was observed at the beginning (Fig. 5), then,
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Fig. 5. C hanges in  th e  frequency  a n d  am p litu d e  o f  th e  fa s t  w aves o f E C G  in  H elix  h e a r t 
u n d e r th e  in fluence  o f  5H T  an d  Ca + +-excess as well as in  C a + +-deprivation

0.5 sec

Fig. 6. E ffec t o f  Ca + + -d ep riv a tio n  on th e  H elix  ECG
A. C ontro l
B . 6 m in u te s  a f te r  C a + +-dep rivation
C. 7 m in u te s  a f te r  Ca + + -dep rivation

after 5 —10 minutes the arrest of heart activity  took place. Preceding the 
arrest the first fast wave with negative direction was abolished, so the ECG 
became unipolar and deformed ( Fig. 6). A fter washing the heart with physi
ological solution containing Ca+ + the original form of the ECG was restored. 
In  Ca+ + -free solution the ECG disappeared even in the case when 5HT 
was added in such a concentration which increased the frequency of the ECG 
in a normal physiological solution.

(i*
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In the Locusta heart the amplitude of the ECG was not influenced by 
5HT, and also the frequency was increased only by 20 per cent. Increasing 
the external calcium concentrations the amplitude and the frequency of the 
Locusta ECG remained unaltered or increased only slightly. After withdrawal 
the Ca-ions from the medium both the slow and the fast waves of the ECG 
disappeared. After washing with normal physiological saline the original 
form of the ECG was restored in this species, too.

Discussion

According to our results the ECG of Helix and Locusta hearts are similar 
in form as well as in amplitude. In both cases unipolar or bipolar ECG can 
be registered depending on the mode of registration. The registered waves 
can be identified with the RS and T waves of the heart of Vertebrates. Our 
results did not proved the oscillatory nature of the ECG in Insecta hearts 
for between the fast waves no oscillatory electrical activity was observed. 
I t seems probable that the oscillations reported earlier by many authors 
(Dtjwez, 1936; J ahn et al. 1937; Crescitelli and J ahn, 1938; Matsui, 
1955; Irisawa et al. 1956) and regarded as a component of the ECG in Insecta 
hearts originate from the movement of the muscles fixing the heart. The 
above authors used not a suction but platina or silver electrodes for the leading 
off the ECG, thus the leading did not exclude even the possibility of the rise 
of rubpotential between the electrodes and the tissue moving rhythmically. 
The advantage of the method employed in our experiments is due to tbe 
fact that the electrical activity can be registered from a well determined 
area of the heart excluding the electrical activity of other tissues and preclude 
the possibility to registrate any rub-potential. In our case the Insecta ECG 
had a simple form and it cannot be compared with the complex electrical 
activity of the respiratory centres (Prosser and Brown, 1962).

The slow waves of the ECG both in Helix and Locusta hearts proved 
to be very variable, displaying permanent changes even under control condi
tions. For this reason the effect of the 5HT and Ca-ions was estimated only 
on the fast components. In case of Helix heart the amplitude of the fast waves 
was considerably affected by 5HT and in the Ca+ + -free medium. The frequency 
of the ECG of Locusta heart was changed in a lower degree under the influence 
of 5HT but the omission of Ca-ions from the medium eliminated the ECG, 
like in Helix heart. The results showed that the fast waves can be influenced 
experimentally though the possibility of this was questioned earher (Smirnova 
and Ttjrpaev, 1948; Duwez, 1938). On Helix heart the lack of 5HT and Ca-ions 
effected the electrical activity of single myocardial cell and that of the total 
electrical activity in the same manner (Kiss and S.-Rózsa, 1971), seemingly 
proving the existence of a connection between the excitatory effects of these 
factors. The presence of Ca++-ions is necessary for the maintenance of the 
electrical activity and contraction of the heart in both species.

Our results emphasized that the shape and the character of the ECG 
cannot be taken as criteria for the classification of the hearts referring to the 
origin of their rhythm. Moreover, the existence of the oscillatory ECG charac
terizing the neurogenic hearts was not justified.
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Summary

Electrocardiograms (ECG) were investigated using suction electrodes 
in Helix pomatia l . (Gastropoda) and Locusta migratoria migratorioides к .  f . 
(Insecta). I t was stated that by bipolar registration the amplitude of the ECG 
was nearly identical in the two species) Helix: 18 i  1.92; Locusta: 18 +  2.44 
mVp_p). The fast waves were also similar and it was registered in unipolar 
or bipolar form depending on the mode of the leading off. The fast waves 
were followed by a slow one, the latter being variable even under control 
conditions. The duration of the ECG was 120—250 msec on the Helix and 
100—180 msec on the Locusta heart. The frequency of the ECG was 24—48 
cycle/min on the Helix and 24—42 cycle/min on the Locusta heart. Under 
control conditions the ECG of both species was rather stabile and it was main
tained in an unaltered form for as long as 8—10 hours. Under the influence of 
5HT the frequency of the ECG increased and the amplitude decreased. In 
the Ca++-deprivation often an initial increase of the frequency and decrease 
of the amplitude was eliminated and the heart stopped. In Ca+ +-excess a 
slight increase in the frequency and amplitude was observed.

The similar nature of the ECG registered from the two species showed 
that the shape of the ECG cannot be taken as a criterion for the classification 
of the heart in different animal phyla what would refer to the origin of the 
rhythm. The oscillatory electrical activity known as a component of Insect 
ECG is supposed to be of extracardial origin.
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G A ST R O PO D A  É S  R O V A R  S Z ÍV E K  E L E K T R O K A R D IO G R A M JA  É S  
A N N A K  V ÁLTO ZÁ SA  K ÍS É R L E T E S  K Ö R Ü L M É N Y E K  K Ö Z Ö T T

S.-Rózsa K atalin  és Véró M ihály  

Összefoglalás

V izsgá lták  H elix pomatia  L . (G astropoda) és Locusta migratoria migratorioides R .,  
F .  (In sec ta ) szívének  e lek tro k a rd io g ram já t (É K G ) szívó e lek tró d ák  a lak lm azásáv a l. 
M eg á llap íto tták , hogy  m in d k é t fa j szívén  közel azonos n ag y ság ú  (H elix:  18 +  1,92, 
Locusta: 18 ±  2,44 m V p_p) E K G  reg isz trá lh a tó  b ipo láris  e lvezetésben . A z EKG gyors 
kom ponensé t is hason lónak  ta lá ltá k , s az e lvezetés m ó d já tó l függően uni- v ag y  b ipo láris  
a la k b a n  reg isz trá lták . A  gyors k o m ponenseke t egy lassú  h u llám  k ö v e tte , m ely  k o n tro ll 
v iszonyok  m e lle tt  is v á lto zék o n y n ak  b izo n y u lt. Á z E K G  id ő ta r ta m a  H elix  szíven  120 — 
250. Locusta szíven 100 —180 m sec k ö z ö tt v á lta k o z o tt. A z E K G  frek v en c iá ja  H elix  
szíven  2 4 —84 c/m in , Locusta szíven  2 4 —42 c/m in vo lt. K o n tro ll kö rü lm én y ek  k ö z ö tt 
m in d k é t fa j szívének  E K G -je  á llandó , m e ly  v á lto z a tla n  fo rm áb an  fe n n ta r th a tó  8 — 10 
ó rán  á t. 5H T  h a tá s á ra  az E K G  frek v en c iá ja  m egnő, am p litú d ó ja  csökken. A  Ca + +-m eg
vonás ese tén  k ezd e ti frekvenc ia  növekedés és am p litú d ó  csökkenés u tá n  az EKG e ltű n ik  
és a szívm űködés m egszűnik . Ca + + h a tá s á ra  k isfokú  frek v en c ia  és am p litú d ó  növekedés 
jö n  lé tre .

A  k é t fa j szívén k a p o tt  azonos je llegű  E K G  a r r a  m u ta t ,  ho g y  az E K G  fo rm a  n em  
te k in th e tő  e lfogadható  k ri té r iu m n a k  a  kü lönböző  á lla tc so p o rto k  sz ív ritm u sán ak  fe l
o sz tá sáb an . A  szerzők a  k o ráb b an  ro v a r  szívek  E K G -jéb en  le ír t  oszcilláló e lek trom os a k t i 
v itá s t  ex trak a rd iá lis  e red e tű n ek  te k in tik .
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