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==Abstract=

Changes of the Electrocardiogram and Blood Picture of Frogs in Four Seasons

Jung Moo Rhee, Sung Ho Bae, Hyun Chan Shin* and E Up Chae

Department of Physiology, Kyung pook National University School of Medicine
-Taegu, Korea

The electrocardiogram of frogs were obtained in winter (January), spring (April), summer
(July) and autumn (September and November). Electrocardiograms were recorded applying
electrodes to the atria, ventricle and apex of the heart by unipolar or bipolar leads.

V wave was recorded prior to P wave, for the presence of the sinus venosus which controls the auto-
maticity of the frog heart, in four seasons. Regardless of the leads or the position of the electrodes P
wave was diphasic and wide. According to the rise of temperature the rate of heart beat was
increased, and V-P and P-R interval were shortened. Two regression line between R-R interval
and both V-P interval and P-R interval were drawn. These were calculated as V—P interval=
0.276R—R interval4-0. 067-+0. 15 (sec.) and P—R interval=0. 179R~R interval+0. 15540, 1 (sec).
From these calculation the larger gradient of V—P interval than P—R interval was suggestive
that the heart rate is more dependent on the changes of V~P interval than that of P—R
interval.

Changes of the heart rate were also measured in four seasons and artificial temperatures. Two
regression lines between the heart rate (HL.H.) and both seasonal temperature (T) and artificial
temperature, were drawn. These two lines were calculated as H.R.=20+-3.71 (T~10) and H.R.=32
+1.425 T respectively. From two gradients of the above equations it is considered that the changes
of the heart rate in artificial temperature were milder than that in seasonal temperature.

The number of RBC and WBC of frogs were measured in four seasons and a tendency of the
changes was observed according to the seasonal variation.
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Fig. 1. EKG of a frog in hibernation in an ambient temperature of 10 C in winter(28th January), ~was-
recorded in right auricle by the unipolar lead. V, depolarization of the sinus. P, depolarization of
auricles. R, depolarization of the ventricle. Heart rate, 21.5/min.
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Fig. 2. EKG of a frog at 10 C in winter (28th January), was recorded in right auricle by the unipolar
lead. Heart rate, 17/min.

Fig. 3. EKG of a frog after awaking from hibernation at 16 C in spring (28th April), was recorded by
the bipolar lead from the base to the apex. Heart rate, 49/min.
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Fig. 4. EKG of a frog at 24 C in summer (12th July), was recorded by the unipolar lead in the auricle
(the upper tracing) and in the apex (lower tracing). Heart rate, 67/min.

Fig. 5. EKG of a frog at 26 C in summer (14th July), was recorded by the unipolar lead at midauricular
basis (the lst tracing), right auricle (2nd) and the apex(3rd). Heart rate, 79/min.
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Fig. 6. EKG of two frogs at 26 C (the Ist and 2nd tracing on 15th July) and at 32 C (3rd tracing on
30th July) in summer, of the upper two were recorded by the unipolar lead in midauricular basis.
and in right wall of the ventricle respectively, and of the other was recorded by the bipolar lead
from the basis to the apex. Heart rate, 88/min. in the first frog and 102/min. in another.
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Fig. 7. EKG of a frog at 22 C in autumn (26th September), was recorded by the unipolar lead at the
apex. Heart rate, 67/min.
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Fig. 8. EKG of a frog at 20.5 C in autumn (27th September), was recorded by the unipolar lead at the
apex (the lst tracing) and anterior wall of the ventricle (2nd tracing). The 3rd tracing is the
setond in high speed. Dashed lines under the EKG in the 2nd tracing indicate the duration of visible
ventricular contraction. Heart rate, 51/min.
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Fig. 9. EKG of a frog before hibernation in an ambient temperature of 13 C in autumn(5th November),
was recorded by the bipolar lead from the base to the apex. The 2nd tracing is a record in high
speed. Hert rate, 28/min.

< Zlaistgdeh o] Zel A RxEob SRl wheb At
57t 07}?5}“1 A 2EsE W HsbE AEee 2
€ AL & 4 A% A AN Aelde o
ol g Xsteh o] B4 V-PAs P-Qx
57t obAA ARErot So-Ee Wil Aa

Ag ¢+ deh AFFA HI%M P 2o
X v
43
44
B

gy

2. HuEs
A0 vt FEeE, FFAF, FTALT



—A YT A8 A 2T 1974— 125
Table 1. Electrocardiograms of frogs in four seasons
Temp R~R | V-P | P—-Q dur. | Q—T dur. WT.
Month Date | oC | (min) | (sec) | Cseed | Csee) |R Csecd| Csec) |E (sec) (P09 (gm)
28® 10 22 2.70 0.84 0.72 0.12 f 1.32 0.08 32
Junuary 280 10 17 | 344 | 0.82 | 072 | 0.21 | — | 0.12 35
. 29@ 16 49 1.24 — 0. 40 0.06 — — 17
April 20D 16 | 48 | L24 | 060 | 0.32 | 0.06 — | 008 | 25
5 22 60 0.90 0.24 0.20 0.04 0. 40 — 27
12 24 70 0.88 0.24 0.32 0.04 — 0.16 23
14 26 77 0.79 0.27 0.20 0.04 0.52 0.08 41
July 16 26 88 0.67 0.18 0.24 0.04 — 0.05 36
16 26 91 0. 64 0.24 0.20 0. 06 - e 45
300 32 102 0.58 0.16 0.20 0. 06 0.26 0.08 48
30®@ 32 103 0. 64 0.20 0.22 0.04 0.04 0.06 52
11 20 63 0. 96 0.28 0. 40 0.04 — — 48
September 26 22 67 0.54 0.32 0.32 0.05 — 0.16 14
27 21 51 0.92 — 0.41 — 0.75 0.15 25
5@ 13 37 1.68 0.76 0. 45 0.08 — — 40
November 5@ 13 28 | 212 | 0.60 | 0.64 | 0.06 { 0.28 | 0.13 35
O : Number in the circle is the animal number in the same day
Table 2. Changes of heart rate of frogs in four seasons(total, 21 frogs)
Season | Winter ! Spring | Summer
Month | January l April | July
Date 28D(28@ — (29D29@ — | 5112|1415 16 B0D0@PB1IDBIORIB| —
Temp(°C) 10 10 |C10.00(16 |16 [(16.0)[ 22 |24 |26 | 26|26 {32 (32 (32 |32 [32 |(28.4)
Heart rate (per min) |17 )22 |(19.5)48 [49 |((48.5)] 60 | 70 | 77 | 88 | 91 (102 {103 |102 |103 {90 ((88.6)
Body weight (gm) 35 132 |(33.5)25 |17 |(21. 0)‘ 27 1231413614548 52 133 131 {29 ((36.5)
Season | Summer l Autumn
month ] August l September November
Date 1® w | — |1 26 27 — 1 5 5@ | —
Temp(°C) 30.5 30.5 | (30.5) 1 20 22 20 (20.8)) 13 13 (13.0)
Heart rate(per min.) 9.5 | 95.5 | (96.0)| 63.0 | 67.0 | 5L0 |(63.3)] 27.0 | 28.0 {(32.5)
Body weight (gm) 30 28 (29. 0D l 48 14 25 (29.0) 40 35 37.5)
QO : Number in the circle is the animal number in the same day (C ) : Average

3= A 28} gor HE2xe HAA e 10°C)
A 19.5/min, 16°Col| A 48.5/min, 28.4°Cd] 4] 88.6/
‘min, 30. 5°C ol] 4] 96/min, 20. 8°C ¢l A 63. 3/min, 13°C
<A 32.5/min & Vel o= A5 AT A
2 AaaiA g 2 AES Fos o7 Foldt
R 790 FAS bt S8y A& sl 84l

A ETrt ol 84 ofF AMSE AR 7Axd)
ol 146l 3lete Zastrisl oAl 79742 A48 F
7haket.

ol e AR W FE ANES o gon
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Fig. 10. Changes of the rate of heartbeat of frogs in four seasons.

Table 3. Changes of heart rate of frogs in artificial temperature induced by whole body immersion
in cold and warm water

Temperature of water .
C) 5 10 ‘ 20* 30 < .+ 35
Heart rate per min
MiSE | s2.5+10.2 50.449.3 | 58.547.5 72.1+13.8 | 83.3x17.8
n | 10 9 \ 7 10 ] 8
n : Number of frogs. *The value at 20°C was obtained in room temperature without immersion.
100~ @ Artificial temp.
~ & Seasonal u s .-
Y
got "
- 8
L4 .
H-R gol- 8 8 s
per.min. .- .

Pe= 3241425 T
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P - Heart rate Teoon Temperature °C
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Fig. 11. Influence of different environmental temperatures on the rate of heartbeat (H.R.).
Solid line--«s-- Seasonal variation. Dotted line.----- Artificial variation,
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Fig. 12. V—P interval vs. cycle length (R—R) and the heart rate (H.R.)
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fiig. 13. P—R interval vs. cycle length (R—R) and the heart rate (HH.R.)
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Table 4. Seasonal variation on blood picture of frogs (total, 14 animals)

: Date Hemat RBC WBC Hb Body
Month Temp °C) ocrit X 1304 X 10 o /100 ml) Wt Remark
(%) (mm%) (mm?%) (gm)
B 210 6 36.7 65 3.0 — 33 During
Feébruary 210 6 35.5 54 5.5 - 22 Hibernation
(Average) . ()] (36. 1D (9.1 4.5) (22.5)
290 16 37.0 62 0.6 12.3 25 After
April 29Q 16 38.5 - - —_ 17 Hibernation
290 16 32.0 46 1.0 — 20
(Average) - 16 (36.0) (53.7) 0.8 (12.3) (20.7)
300 32 3L2 17 2.0 — 52
30® 32 30.5 27 12.0 — 48
30® 32 36.3 — — 8.4 37
July 30 3l 32.0 28 9.0 7.8 36
31®@ 31 27.2 36 8.0 7.0 33
31® 31 20.7 32 9.0 5.6 31
(Average) (BL5) | GLD 28 .3 6.8 (9.5
August 10 30.5 30.5 34 8.0 6.2 28
5@ 13 25. 1 41 14.0 5.6 40 Before
November 5@ 13 27.8 45 18.0 4.9 35 Hibernation
(Average) | as (26.5) 43) aed 6.7 (37.5)

O ! Number in the circle is the animal number in the same day.
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