J. Fac. Fish. Anim. Husb.,
Hiroshima Univ. (1973), 12:147~154

B O LERIIBE T 2858 — 1
DR T 0 B

R & - WM RS- WA AT - PR ORA
ON PR ¥

Studies on Electrocardiograms of Fishes I—Test
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Fig. 1 Diagram of apparatus used for recording ECG of fish
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Table 1. Materials and methods used for recording ECG

|
Lead Electrode Electrode emplacement Fish
Cotton t](:lr::tclode Surface of heart
Unipolar L.
Ag-AgCl electrode Body surface Carp
Ag'Agg;cg(i)%e pectoral fins
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electrode Yellow tail
Sea bream
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Fig. 3 Diagram of Carp with inserted

Fig. 2 Positions of electrode emplacement electrodes into chest cavity
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Fig. 4 ECG directly recorded on the surface of Carp heart
1. auricle, 2. ventricle, 3. bulbus arteriosus.
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Fig. 5 ECG of Carp, lacking QRS complex and T wave, by
direct unipolar lead from the surface of heart, The
arrow indicates the lack of QRS complex and T
wave.
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Fig. 6 ECGs of Carp by unipolar lead from the body surface
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Fig. 7 ECG of Carp detected from pectoral fins by bipolar lead
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Fig. 8 ECGs of fishes by bipolar lead from chest cavity

% =

BHOBRED >0 E CGHIGHEH

B, SED LeETROBEE»SDE CGIB LTzt Tie OersY v ¥, HOD A7,
Nomura ef al® H=L<RACONWTHE LTS, Zhd D FeEE L AR AKRD = 1 12oLT
DERP EOERHEOR S—THEH L. BHOBER»SECGEZEMT 5 i L Tk, Nomura ef
al® (1, =o~<A0BRHLEE CGHEECE L, LIEEROGENT DRSS TsTHr gL <
WHDT, RERTRY v — B2 OERMCINL TRBEE CHEBDIcN, ThThM, »oR—oiEh
SRR TA2HRE L. B OEO—EHM THElE LTCE CGREH LABE, A WE
CGOEHMCELBD bz, #5 T, KL, ECGRENT2HE0EBMREYED BT R e
RWEHETIH DL, REBEEEN, SUrERENBRCIREEELD.
#RE» >DE CGEBRU TUGY H %

#HEEHHDOE CGo#EHIL, vIFF, F=XDRHCLBREEIOKZ WABCR TR 2 b Ao El)



BEOLEBRWE TR~ 1 153

CE2HBERDEBADSD CIIEROBIENED, X, KBCL - TIhbyRELTHILRTEXIEMIE
VL 100~500 £V L CH B L v, ERAVGHRBEND RS, Mhie Osrs? [LFES 239 FFIC
DUTHEL T BDORTHS. AERTIL =1 ORCOMEE O HEN/ S5 5$ ECGrEHT
HEICHEI Lic. HCHEE» S SEEE L, THEERLED /1 A EEFERERE, BHEEOHIE
EE% D 5 HCEE T IR MCHFATRE E CGA ISR A R B oA L. Z o WEEHE T
AR ERCED S HATRETH D, ($5RAE CG L EAE0A 0T, B4y S HIChkd
BAIC X D, BRRES TR BT 5 IR AR S T 5 B BIRFE I h B AR R X\ &
E25.

*hl (BEOE) »BH0OECGIGENH S

EHOBE L, RRAE2SELT 256, REPL oM TETROES ZE LI el udinbi
U RRBAETE, B0 MIATBENIBIE T, BEREOT B L, MR s BTk X et
LEHTIHEARLEHENTHA S . IUED by rFH, MENLFCHEYFIHE LT HfRCERY
B, HRGCRETECGREHNTEHLALTWS. LnL, Z0oHETE, SBSEH i EE 0D
12, v EFRAGHTEOMBY 2 2HIC L AECGOELENE Y, BERHEEOBITCIIWVE AT
SHTHB. X, DEREHVNI AR, SFERCA S WK ECE AR RBICCIERSAELL,
7 FFDOBETHEKP TSRS ROBREY AT DD P L& 5. Nomura ef al.®
iz, Garey® 23, BAJS LA LREBIC X 54N (FALED » 5o JBE KL HE LT, HhEkFO
DEEHO/ NI VWAENSDE CGRECHII LT\ A2, EEL Lo HEvEa LRKAD =1, 7
F, == ADLZIE LT, HSETRLALRTN» RBERD, ~<F, X1 LCO20THHELUE
RSB OPEO L\ E CCOERCKI L. RieSbAETRERYEDSATFCHRE, HoLEy
Bo B WOTEE LT b, X, EREESADEICEOMER WRCHEIDSFNTER
DT, BERYMECHNE TMAMCE S FaN VRETS. > TECGOREEAFRT5 8L, F
B T Ay BE LEBOMB AR T HLENSH D . KRB TIE Nomura ef al.¥ pi=o<ATH
Wit YA—va— FEEEE L), BERAOES, BEETSOBRAFEL (KiE25~30°C T2 H~1
BED BEXS T LCLE >BELH- O THERATRIBOER 4RI 580, X VBELER
LIC O WBEALETHA 5. Lk, & OEHFER GRS R #aH 518 X AEOREE
FEEROBESE, BUERN A EYTIE S O AR RCE BB HERTE, BEBLhIRRO N
ThHhHEEZ LY.

AR T 51 RELEROBEH HkCoWT, HBYREIEEYEL D ¥ Lic. RERRFEHM,
BT —EE, OO0 AMETYES ¥ LoKERKERBRSE RO 0B K ERBSOTRA
fricst LESELAYRLET.

= #

FRRBE B B TREOE CCRBIT T2 BAW, RbEYL I TEYEL S, EROABEEN);
B DWTIER L.
BHOBER»S>DE C GEBEHE

1) =4 oBRHOEEE»HEGREEL VECGRLR L.

2) a4 DFEHOLBEEASESHIECGIP, QSH, ToXKE, Lo TKD, TOMOPLILE
Ihichsic.

3) LEREO SR HESHACE CCOEE L OEEHIEFILLIBEOECGAE b h 5 QRS
P, ROTEOWESE,LL, PRILEC, QRSHE, RUOTEILECHRTIFLHERA LA,
HEE D DO E C GBS KO WG ik

1) @ L7 2 A OFERESBEEHEC Y - T, HEMERLZECGE2ELTIHNTE L.



154 AR T - FIHPMED - TAE T - REFRA

2) BB A ST K A BRCETE L 2 4 O RgfEA 5 SHEEH B X b, EfkEo Higrydicw, BEL
# ECGafEbhic. fEo T OMBIFEL D O BRI e B AR R AV 52523 TRETH S 5 .
& (FROIEE) 225 0 E CRUE H:

1) BEiA A, =0<wA, 7F, ~~F, <21 OBLFENCHEAL, WEsEHEC X b E CGRE
L.

2) Afaffil LB OIEI T S RE LIE CGab R, FOEHL 2 1 OafEs b O WEEH O %)
HERHM L.

3) COHEDS X BEAEATBHMCAEREOT D, BREO HFAMLEY EHCEDS LV
T EDRANRDDHH, DIRE N2V NS APPHRBIC S B B b L RELLECG o # H 3 RETH
b, BB EAIBIE, sUL BT ATRgE, X S AR ORT R, VAR TE DR
HOHETHBEVZ LS.

5 B X B

1) Okers, J.: Physiol. comp. et Decolog. 2, 181-186 (1950).

2) gk BRARESE, 22, 99107 (1960).

3) Nowmura, S., Iaraxi, T. and SuiranaTa, S.: Jap. J. vel Sci., 31, 135-147 (1969).
4) Uk - Tk - BHA R - BKEE, 37(2), 90—-93 (1971).

5) HUFRMAE - FED) - BEA R BARGE, 37(2), 94—97 (1971).

6) Garey, W. F.: Biol. Bull, 122, 362-368 (1962).

SUMMARY

Examinations have been made to find out the suitable method of detecting the ECG from fish for

the purpose of pathological physiology study. The results obtained can be summarized as follows;

Unipolar leads of ECG from the surface of the heart.
ECGs, directly recorded on the surface of the Carp heart, consisted of P wave followed by QRS
complex and a T wave (Fig. 4). Other waves derived from the heart could not be detected.
Unipolar lead and bipolar lead of ECG from the body surface.
i) ECG could be recorded from almost all the body surface of Carp by using unipolar lead. The
amplitude of the QRS complex was about 40 gV in the vicinity of the heart.
i1) ECGs obtained by using bipolar leads from pectoral fins of Carp were stable and the QRS
complex appeared as a QS type ordinarily and exceptionally as a QR type. This method may be
useful for the pathological physiology study of fish. The amplitude of QRS complex was 70 gV
on the average.
Bipolar lead of ECG from within the body.
Electrodes were inserted into the chest with operation. ECGs by this method were easily detected from
Carp, Crucian carp, Rainbow trout, Yellow tail, Sea bream under swimming condition in aquariums.
The patterns of ECGs from the chest cavity were similar to those from pectoral fins of Carp. The
amplitudes of the QRS complex were 1.12 mV in Carp, 0.40 mV in Crucian carp, 1.15 mV in Rainbow
trout, 0.88 mV in Yellow tail, 0.12 mV in Sea bream.
From the above results, it is apparent that the bipolar lead from the chest cavity is the most useful

and suitable method to study fish ECG pathophysiologically and ecologically.



