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by 
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Abstract 

Fifty fish ， Cyρrinus carpio 多 living free in water of aquarium were used for the experi

ment of a technical improvement of record 打電 electrogram of hear t. A typical pattern of 

electrogram which is similar to that of Lead II of human ECG was taken when the indiff

erential electrode was inserted vertically into the left side of belly above anterior porti

on of pectorial fin a咽 the other exploring electrode was inserted into the dorsal mar平in

of the left gill sli t. It was shown from this report that the duration of QRS complex in 

fish electrogram is not lor還cr than 0.06 seconds and heart rate is 36.5 beats per minute 

in average. The heart rhythm increase sharply even to two t imes more than that of or iginal 

after stimulation with needle.A concentration of adrenalin in 0.04& mg per kil嗯ram of 

body weight wi l1 induce sinus arrhythmias.Hy伊xia have an effect to slow down heart bea

ting. 

In troduction 

Th刷品 the ECG of f ish had been record

ed from a number of f ish by Some invest i

gators ( 9 , 11 , 17 , 19 ), there was still 

few ECG tracing from the Cy戶nnus car戶to.

Furthermore , the method of so陶 cal1ed unipol

ar leads was not been used yet for a record

ing of ECG from a living and free fish ( 

6 , 9 , 15 ). Genera l1 y speaking , the functi' 

onal systemic heart of Cyρrinus carρio con-

sists of four parts ( chambers ) in series 

( see Fig.l ) - Venous bloαj entering the 

sinus venus from the 1iver and ducts of 

cuvier is pumped first into the aur icle , 
then into ventricle , and finally into the 

ventral aorta via a bulbus arteriosus.The 

present investigat ion was performed for :(a) 
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an improvement on the laboratory appr國ch

and procedure for reωrding e lect rogram of 

f ish hear t. (b) the fundamental E CG pattern 

of the fish that are alive and free in water 

was to be registered by using the method of 

unipolar leads. (c) a preliminary work for 

advancing study of pharmacologic action ín 

f ish hear t. (CO a comparison with tllat of 

human hear t" 

Methods and l\'Iaterials 

Fifty fish of Cyprinus carρ io ， L.Ca 

na t i ve 0 f T a i w缸1) in various size from 

600 gm to 1000 gm in weight and in both 

sexes of íish were used in this investigati 周

on. Let experimental f ish free in the water 

of aquarium( lOOcmx60αnX 40 cm )which 

was fill剖 withwater to 80 per cent of the 

total volume of chamber and was kept in 

g∞d worki {留 condit ion at 25 0 C water temp

erature by btbbl ing air or oxygen (0 2 95 均

and CO 2 5 % ) through a tube.A silver nee

dle ( indifferential electrode ) insulated 

with polyethylene was ìnserteà înto the left 

side of belly above the pectorai fin and the 

other electroàe ( exploring electrooe ) was 

ìnserted into tüe mid-line or the ieft para

m idl ine of the anterior 伊rtion of the aooo

men another needle ( ground electrode ) 

was placed at any point of belly.Keep anim

a1 free inwater connectingwith recording 

needies and monitor unti l1 f ish become brea

thing regularly. It is necessary to avoid de

stroying s且 les and vessel s àur ing insert ion 

of needles. 此'Iany investigators( 7 , 9 , 10 , 

11 , 17 , 19 ) stated that the fish injuried 

by this way so佇立 show irregulari ties of he

art beat or atrio-ventricular block. 

The electrocardiogram was taken with 

a Fukud包 Cardiette Apparatus- CARDIANT 

C EN TUR Y FCC- 1 . The electrodes connec-

t剖 w ith leads of apparatus are as f .. ollows: 

the needle (ïndifferential electrode )íoca

t仗i" in the left síde of the body was connec

ted wi th RA lead of the apparatus , whereas 

the exploring electrode , the needle located 

at the anterior port ion of tne abdomen , was 

connected wi th LF lead of the apparatus 

whi le the ground electrode was connected 

with LA lead of the apparatus or just put 

in water , and the selector sw itch was put 

on Lead I I.The voltage standardization of 

the app泣ratU3 was turn to 10mm in each 

mV. and the legend of each ftgure announces 

the used standardization. The speed of recor

ding trace was run at 2. 5cm per second.ln 

order to obtain a typical and an easy inter

pre 正ation of the electrocardiogram of f ish , 
we must make sure the location of the expl

oring electrode.To determìne the iocation 

of the explor ing electrode , we had done a 

pre-experiment in which the chest of f ish 

was exposed by a incision.Then ,placed the 

exploring electrode on surface or beneath of 

heart to find suitable points 01 which vari

。us e lectrogram pat terns were recored and 

was drawn as Fig. l.Care was laken to make 

fish in fresh condition 注nd a normal heart 

rhythm for avoiàing the abnormal i ty of ele

vatÎng ST segment or atrio-velltricular blo 個

ck which occurs when the experiment had be

en working for a long period ( see Fig.3). 

Results 

The electrogram of the fish heart reco

rà訊j by thís expcrlmcnt is sim ilar to that 

of other kinds of fish.Typically , P wave 

is fol iowed 句 a QRS complex alld a T wave. 

The act iv i ty of the aur ic le taken Í rom the 

surÍace of the ventricle at the left side 

of t陀 lly shows a quick and a slow phase and 

Can be registered as the P wave which is si . 
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mi lar to that of human e lectrocardiogram. 

The P wave is mainly downward if electrode 

was placed on the surface of sinus venus , 
and a biphasic wave resulls when electrode 

was inserted on the surface of auricle at 

the left side of belly (see Fig.2). 

Ven七ric 工e

Auricle 

Fì 立 .1. An outl ine of the heart of CyρTznus 

carPio in which various sites of 

inserti [京 I~leeàles are shown. 

The eìectrogram of ventricle of f ish 

heart consists of QRS complex and T wave. 

We got such a perfect pattern as that recor

ded f rom a normal hurnan by Lead II when 

needle was inser í. ed at point 6 shown in 

Fig. lC see Fig.2).Two features are most con

spicuous in the tracing , namely , the rela

tive short duration of QRS complex which 

n orma lly i s not longer than 0.06 seconds 

and the rather long duration of the QT inte

rva lC see Table 1). As a ru le the QT interv

al is quite of iong duration even for a fast 

heart rate. At the s low rate the PR interv

al and QT intervals may be longer ,but the 

increasing ratio is not so evident as the 

v t'ntricular activation time ( VAT: the dur

ation of which an impulse to transverse fr

om the endo臼rdium to the epicardial surf

ace ) . 

Table 2 gives the heart rate w i th the 

regular A- V sequence recordíng f rom Ilorm

al fish free in water.The rate may increase 

to a maxi mum of 145 beats per m inu tE‘ if 

the ventricular surface of chest 且 opened fish 

was stimulated with a single shock no more 

than 3 voltages , while a singie needle 3tim

ulatio I1 oniy can accei t' rate heart rate twiæ 

in average and show a signif icant differen

ce ( Table 2 LAtrio-ventricular block will 

be present on the trac ing if a experimental 

f i sh was done rnore than 6 hours or w i 曲。ut

bubbl ing a ìr 01 oxygen through water 01 aqua

rium( see Fig.3 ).The result is much sirni

lar to that of other investigatars ( 8 , 13 , 
14 , 16 J. An injection of 0..048 mg per ki

logram body weight in 0.025 ml solutioD'. 

Tabl 吧 The duration of thc electrocardiogram of Cy，ρrinus carpio living free ìn squar

ium at 25 0 C water temperature. 

Heart rate P- Q QR S V A T 0-T 
(beats/mín. ) (sec. sec.) (sec.) C. sec. 

36 O. 112 0.032 0.020 O. 352 

37 0.110 0.040 0.026 0.340 

39 0.108 0.044 0.036 0.384 

39 0.092 0.036 0.028 0.320 

35 0 .182 0 .060 0 .036 0.520 

38 0.096 0.048 0.033 0.370 

33 0.168 0.056 0.028 0.481 

Average 36.1 0.1207 0.0451 0.0294 0.3954 

-
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of adrenalin into hepatic vein during chestop

ened exper iment produced the sinus arrhythm帽

ias w i thout cl且nging rate of ventricular co-

nt rac t i on C see Fig. 3 ) . 

V們的)‘到 l
Fig.2. E lectrocardiogram ( 1 mv 三 1仙nm)
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the left lateral side of ventricle ( point 4 

near point 6. 

placing explor ÍI電 electr叫es at 

the different points C shown 1n 

上ïg.l ) around the heart: CA)from 

point 1 , (B) from point 2 ,CC) 

and (D)from the lateral side 

。 f auricle(point 3 ), CE)from 

s inus venous(point 5 ), C F) from 

), CG )f rom the outer surface of the abdomen 

有歹 r-:JK 

ιro..'. ~~:- ,-----;-,"- - --~，. ì 

一斗f:/L_一;一~一一 一一二一斗之4一上一斗_"---1-_斗斗斗→一
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刊一一一-N一斗一十一-LJ」干 L 令三月(但

Fig.3. Changing electrogram patterns ( lmv 二 10mm ) had been reωred under various conditio

ns CA) in a normal state , (B)after insertion of stimulated needle into belly , (CJ 

injection of an 0.048 mg/kg adrenal in into hepatic vein , (D) after a longlasting 

exper i men t . 
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Table L Comparision of heart rat~ of Cyρrznus car戶 io between the group living free and 

the group living free with a single needle stimulation. 

Free Group Stimulated Group 

Heart Rate * R 一- R Interval Heart Rate * R-R Interval 

per min ( sec. ) (per min. ( sec. ) 

30 1. 99 75 。 .80
46 1. 31 55 1.09 

41 1.是5 68 。 .88
38 1.58 71 。 .85
36 1.68 。2 0.96 

33 1.82 74 0.81 

35 1.72 60 υ.99 

32 1.86 71 0.84 

39 1.54 73 0.82 

45 1.32 64 0.93 

28 2.13 62 0.96 

39 1.54 70 0.86 

35 1.72 68 0.88 

34 1.77 72 0.82 

A verage 36 . 5 1.673 67.5 0.892 

字 Heart Rate 三 60/R-R Interval. t 二 14.4 1， P<O. 001 

必LL 'J~)_ 一:千一的

一::..y-:-~~干u--

Fig.4.The vol tage magnitude ( 1 mv 二 10mm )depends on the d istance between the heart and 

the exploring electrode: CA)electrode just contact with epidermis of skin , (B) and 

(C)needle inserting intodermis2cm and4cm indepth , respectively. 

Discussion 

From the result showing in Fig.2 ,we 

conclude that there is a big difference of 

tracing if the indifferential electr凶e and 

explor ing electrode were placed on the di ff

erent parts of surface of f ish hear t. Appare

ntly the most Suitable position in which a 

typical electrogram of Cyprinus carpio was 

taken is to place needles on surface of ‘ left 

ventricle.In the processes of ex伊rime帥，

we inserted the needle into the intact f ish 

at the left side of the be l1y below the ant

erior margin of left pectorial fin vertic叫﹒

句， and we got the electrocardiogram whi

ch is, similar pattern to that of human.in 

Lead I I. This is the most suitable position 

we had found in exper iment and was never 

indicated by other investigators( 7 , 9 , 11 , 
16 , 17 ). Typical 旬， the events of e lectro. 
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gram of fi 月h heart are P wave followed by 

a QR S complex and a T wave in sequence. 

The l' wave is produced by auricular de伊 lar

i z~二 tio l1 the ORS complex by ventrícular 

depolarizatioll ,and the T wave 卸 ventr i cular 

repolariza ti on . In the intact fish heart , the 

principle of depolariza 巴 iop is applicabie and 

the electrogram pattern is identical with 

that of other vertebrates. 

FroJIl the fact of negativity at the exp

lor ing electrode produced downward def lect

ion in the tracing we can conciude that our 

tracing correspond to the C F lead as usually 

applied in the clinic.The voltagemagnitude 

depends on the distance between the fish he

art and the exploring electr凶e.B i 2.nki et a 1. 

l1l and Hirsch et a 1. (5) reported that the 

activity of fish heart díd not stay under 

the inf luence nerves except vagus , whi le in 

this observatìon an a <Jrenalin in 0.048 mg 

per kg of body weig:1t may evoke sinus arrhy

thrnias without changing in heart rate to an 

intact Í ish. This resul t shows some differ 同

ence from that of others ouservations(2 , 12). 

Change in hear t r孔 te during exercise may bc 

re lated to the increase of sympathet i c tone , 

the increase of catecholamine level ,or to 

increase in venous pressure ( 2 , 12 , 17 ) , 

but in'this experiment an increase of heart 

rate wich an 祖 nstable base line of electrog-

ram trac ing was observed during ne吋 le s t 卜

..mulat ion. 
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要-

自由主ι活於實驗魚箱中之台灣產台灣黑色經魚 50 尾，被用以研元改進其心電國記錄

方法。將導電極垂直插入右胸館前下方，而將游秒1手電拯抬於魚體背面左側純裂土嫁時

，所得之心電 i封最為標i芋，且典人體心電國第 II月主導之風型相似。本試驗結采顯示鯉魚

之 QRS 長長本超過 0.06秒;心跳遠卒于均為 36.5 次每分鐘，當以針刺激時心跳急

i率增加，子均增加一倍左右;低濃度之腎土腺素處理可引起膏性不整脈現車;在缺.fí..情

形下心航空是，授或停止跳動 O


