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EFFECTS OF BODY TEMPERATURE ON
ELECTROCARDIOGRAMS OF LIZARD
Eremias multiocellata”

LI Ren-de CHEN Qiang® LIU Nai—fa

(Department of Biology, Lanzhou Unnversity, Lanzhow  730001)

Abstract  Electrocardiograms (ECG) of Erewmtias multiocellata were studied at 5-35C in
body temperature. Electrocardiogram wave intervals (R-R, P-R, QRS, T-P, and R-T)
shortened while heart rate increased with the increasing of body temperature. The average heart
rate was 14.6 / min at 5C, whereas it was 201 / mip at 35C. The duration of wave intervals of
ECG and the heart rate were relaied significantly to the body temperature (P < 0.001). Among
the components of a cardiac cycle the cardiac rest period (TP intervals) and the
atria—ventricufar conduction time (PR interval) were affected mostly by body temperature. In
the other hand the ventricular depolarization and repolarization (QRS and R-T intervals) were
relatively less affected by the body emperature. The increasing of heart rate with body tempera-
ture was mainly caused by the shortening of ECG wave intervals, and the T—P interval (the
cardiac rest period) was shortened more noticeably than other intervals.
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The heart activity of lizards and the relation between heart activity and body temper-
ature have been studied since 1960s {Baytholomew, 1962, 1963, 1964; Dawson,
1958, 1960, 1963; Furman, 1960; Licht, 1965; Maynard, 1960; Mullen, I967).
However, most early works were focused on the relation between heart rate and
body / environment temperature. Porcell {1986) studied the ¢lectrocardiogram of lizard
Gallotia galtoti {bady weight 43—-47 g} and reporied the pattern that the wave intervals
of ECG varied with body temperature and the characteristic of excitation conduction in
cardiac cycle and discussed the mechanism that the heart activity varies with body tem-
perature. His work is of impaortant theoretical significance to the mechanism of the varia-
tion of electracardiac activities. However, there is only one species on which his studies
were carried. Thus, further investigations and comparative studies on different species in
different place and different ecological environment are needed.

In this paper, we report our work conducted on the small ovoviviparous lizard
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Eremias multioceliata (body weight 5.8-10.2 g) distributed in the desert and semi—desert
area in the northwest of China using the methods adapted from Porcell (1986). The
electrocardiogram was recorded at different body temperature. The pattern of heart activ-
ity variation with body temperature and its adaptation feature to temperature were stu-
died.

1 Materials and Methods

The 125 lizards used in

5 C Tm¥ . .
b R T 0.3 this work were collected in
6;‘— — Mingin county, Gansu Proy-
0 C . '"Wl_ ince. The average body weight
Il A P 1 A 1 0.2s A was (7.03% 1.40) g, mean sn—
Qs outvent length (SVL) was (60.6
16°C R my| + 49)mm. The lizards were
L j 1 0.2s kept in the laboratory and fed
Qs with the worm. Tenebric moi—
20C P V| itor. The body weight and SVL

R
S N DY LS ) ) O R Al were measured before every

e ECG recording. They were re-

25 C R R 1"::[2_5 corded at 7 body temperature
.,LL_AJL_AJ_A_L_%_A_L_A_J_A_L_M situations— 5, 10, 15, 20, 25,
30 and 35C . some individuals

T R R4 1m:_ lz—s were recorded at 40, 42, 44, 45
‘LAJ“"’J’—*L‘-L‘-L—‘?‘LS'*L—*L"'L"I—*-L and 46T . At each body tem-
15 T .WVL— perature situation, 15 individ-

. R ORq 0.2 s vals were recorded. The record-
MMJ_%MAAJ_ALJ ing of ECG was carried out in

a thermostat controlled amb-

Fig. 1 ECG of Eremias multioceflata at body temperature of fent (over room temperature}
5-357T

ol -
Standard voltage; 2mYV / cm. rate of paper movement; 400 ms / cm. or a thermostat controlled re

frigerator (below room temper-
ature). Animals were bound to a plate with the back side down and put in the ambient or re-
frigerator about 30 minutes before recording. The body temperature was monitored by an
clectric thermometer (Instrument of Beijing Normal University) whose small thermistor probe
was inserted into the animals’ cloaca 2 cm deep. The recording was started 5 min after the set
temperature was reached. For each individual the recording last 5—10 min. The records of
rest states of animals were chosen for analysis.
The bipolar electrocardiogram was recorded by two stainless steel needle electrodes punc-
tured subcutaneously to the right and left front limbs about S mm deep. A third electrode
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was [nserted to the right hind leg served as earth electrode. The signal was led to a two chan-
nel physiograph (Chengdu Instrument Factory} and the electrocardiogram was depicted onto
the record paper

The duration of the PR. TP. RT, and RR intervals and QRS complex were measured
by a ruler on the record paper. The data were processed using statistical methods, and the

i—test was used to check the signification.

2 Resulis

The intervals were mesured as:
R-T interval or §-T periacd—{from sl @
the end of QRS to the end of T

wave; T-P interval—from the end !

of T wave to the beginning of P

wave: P-R interval—from the be-

3]
on
-

ginning of P wave to the beginning
of QRS.

The segments of electrocar—
diogram of number 2 lizard (w:
761 g, SVL:. 655mm} at 7 body
temperature situations in the range
5-35C were shown in Fig. I. The P

wave was of very low relative alti-

Durationof wave intervals/ms-10°
P
-

/
/
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tude and positive. The T wave was e .%2\2

also positive and its altitude was "'“‘—j-——-—-—-—-—.a....:-—a—
higher than P wave. The voltage of 5 15 25
P was 0.027-0.053mV and mostly Body temperature /T

appeared when body temperature

Fig. 2 The relation between ECG wave
ranged from 5 to 20T . When body mtervals and body temperature

temperature was over 25T the T a. RR: b RTs ¢ TPs d. PR wtervah
and P were almost overlapping in e QRS complen.
most animals” ECG. and difficult to be recognized. The @ wave was very small, and
usually could not be seen. The § wave was negative and appeared at temperature over
15C.

The voltage of waves is given in Table 1.

The relationship between each interval duration and body temperature was calcu-
lated by corresponding regression. The regression equation are

RRims}=5026e "™ (r=-09863 P<0.0001)

PR(ms)= 1411e "™ (,=-0.9906 P<0.0001)
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RT{ms)=2239""*"  (r=-09985 P<0.0001) l

TP(ms)= 1584¢ "7 (=-09713 P<0.0001)
QRS(ms)= 122" (y=-0.9452 P<0.001)

Table 1 Voltage (mV) of ECG waves at different
hody temperature

Body temper— P wave T wave R wave
ature / C x+ 5D xt5D t+ 8D

5 0.027£0011 0099+0.022 0.19930.064

10 004110016 0.120+0.053 0,240 0.062

15 003610011 OQ.L08+0.036 027320037

0 003520013 0.144+0077 0323720098

15 004820013 0.1561 0075 0.303+0.0563

30 0.053£0.005 0.1942008% 034870096

35 0.050+0.001 018720073 0513+0.103

Fig. 2 is the curves derived from the regression equations above, showing the varia-
tion of interval duration to body temperature. The interval durations decreased expo-
nentially with body temperature increasing, and the correspondence was very significant
(P <0.001). For searching the mechanism of the increase of heart rate with the increasing
of body temperature, the variation of the relative values of every periods was shown by

the regression equations below,

QRS / RR(%}=1.037+0.2697T (r=0.9661

st I P<0.001)
e RT / RR(%)=45.1240.1334T (r=0.2606
| P<0.25)
;E :: TP # RR(%)=29.86-0.5397T (r=-0.7513
LR e P<0.025)
Fe \\c\ PR/ RR(%)= 28.28-0.1099T (r=—0.3422 .
S ~ P<0.1)
;E 10 d />‘< Fig. 3 was derived from these equations.
s ./-—"”'/ QRS / RR was significantly correlated with body
1 ts 15 5 p temperature (r=9.9661, P< 0.001) ranged from

2.39% to 10.48% over the body temperature ran—
ge 5—35T. The correlation between RT / RR and
body temperature was also positive but not signifi-
cant {r=0.2606; P <0.25), RT /PT ranged from
45.79% to 49.79% over the body temperature
range. Yet TP/ RR and PR / RR were correlated
negatively to body temperature. The TP/ RR correlation was significant (r= —0.7513:
P<0.05) and PR/ RR correlation was not (r= —0.3422, P2<0.01). TR/ RR ranged

body temperature ;T

Fig. 3 The rclation between the
relative value of wave inter-
vals and body temperature
a RT/RR; b PR/ RRa
¢. TP/ RR; d. QRS /RR.
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from 27.16% to 11.24%, PR/ RR from 27.73% to 24.43% over the body temperature
range 5-35C,

Table 2 Comparison of heart rate of different lizard species at body temperature of 35T

Species Weight / Heart rate Literat
12 iteraure
P “E & (beat / min)
Amphibolurum harbeoius 300-500 6186 Bartholomew.1963
Titiguu rugesa 400 62 Licht.1963
Gallotia galleri 43-47 133 Porcell. 1986
Crotaphytus collaris 25-35 120 Dawson, 1963
Phrynocephalus przewalskéi  4.6-9.5 2449 L1,1992
Eremias mufiocellata 5.8-10.2 201 This paper
3 Discussion
At the same body tem- _jmv 0T _iJ!mv 27T
perature 35T , the heart rate 0.2s TR 0.2s g 1
- \ MML&_L hl-a\.—L-«-—-k—n——L—n—Lﬂ—-jp-ﬁ-—*-
of Eremias multiocellata was e as
notably higher than that of
most lizard species reported _Jmy 4 C
. 0.
(Table 2). Licht (1965) re- o %2s oy ]
ported the relation between
the heart rate and body we-
. . » 457C 46 T
ight is R= 153W:*® Gener. |1
. 0.25 R
ally the greater the weight, R A A "

- ¥
the lower the heart rate, How-
ever. the heart rate of Gal- Fig. 4 ECG of Ererias muftioceflata at high body
temperature (40—45C)
Standard valtage: 2mY / cm,
C. collaris whose body wei— rate of papet movement: 400 ms/ cm

lotia galloti was higher than

ght was lower, The body we—
ight of E. multioceliara is similar to that of P. przewadskil, but the heart rates were quite
different. These may be attributed to the ecological environment as well as taxonomic sta-
tus, The speciation is the result of evolution and the adaptation to the environment. The
adaptation can affect many physical aspects of species. . gafloti lives in the Canary Is-
land and C. coflaris lives in the arid, semi—arid zone in North America. Still, £
multiocellata lives in bush clumps in semi—desert region. so that its home range is rela-
tively small and it does not move a lot. however, P. proewalskii lives on broad sand
ground, where there is less vegetation, so that its home range is much larger and it
moves more than E. multiocellara.

In the experiment, we recorded the ECG of some individuals at high temperature,

and the results were shown in Fig. 4. At 40C . the heart rate was a litile slower than at
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35C . but the wave was basically normal. At 42°C the heart rate was notably slower and
the height of R and T wave were notably lower than at 35C. When body temperature re-
ached 44T ECG became abnormai—T wave disappeared, R wave was very small and
RR interval became irregular. When body temperature reached 45C or 46C ECG disap-
peared. the heart stopped and the lizards died. This result was coincident with the re-
ported lethal high temperature of this species (Li, 1992).

Over the body temperature range 5-35C, the duration of every wave interval of
ECG decreased with the increase of body temperature. This result agreed to the result of
Porcel (1986) on G. gafloti. The relative values QRS / RR and RT / RR correlated posi-
tively, whereas TP/ RR correlated negatively with body temperature. This indicated that
different part of the cardiac cycle was affected differently by body temperature. When
body temperature going up. the cardiac rest period (TP interval) and the
atria—ventricular conduction time (PR interval) were relatively shortened, but the dura-
tion of ven(ricular depolarization and repolarization {RT interval) prolonged. This meant
that the increase of heart rate of Eremias multiocellata was cavsed by the shortening of
rest period and acceleration of atria—ventricular conduction. The Shortening of rest peri-
od was the major factor.

Comparing the wave intervals of ECG of G. galfloti, P. prreovalskii (Li Rende,
1992) with those of E. multiocellain, we found that for G. gafloti the relation was
TP> PR> RT> QRS, whereas for E. multiocellata and P. proewalskii it was
RT> TP>PR>QRS. In other words, for G. galioti TP interval was the longest part of
ECG, but for P. przewalskii and E. multiocellata the longest interval was RT. This
meant that at same body temperature the relative value of cardiac rest period (TP) of G.
galloti was longer but the period of ventricular electric events (RT) was shorter than that
of E. mutiocellata and P. przewalskii. The heart rate of E. multioceflata or P.
przewalskii, both of which have very low body weight, was higher than that of &
galloti. Possibly this make cardiac rest period relatively shorter in the cardiac cycle.
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#H OE RHUNEARDEFEE R TETE SR IR WS B8 (Eremias
mutiocellata) A ¥E 6L, MR H.OHRIEFBEEEE LA MR R MIFERF BN S, ik
%A RREE 125 2, 5 RENEIERE 5. 10, 15, 20, 25, 30, STTIAEEZSE, E40%H 15~
20 R DEORSIZFNRREET R 40, 42, 44, 45 46T FFHIE MR A dr B il
BEIF gk 8 e b ok R Ot iR R RS . RN R SY -2 B v iR B T, WEiiE
AR 2om, LBRFHICKA LMS2B B T A it (. BT EHHBEE. LR
PR fFIWER B E N 2 h, EMSTEE I EE TARE L, TER, BiRHEB0IE
BEALAEET, ABEARUMEET, hBEARER T, HAKESNN Som, HEE
B ER LB TNERE S min FEFHOBIER,. EXRI0FRE AR &Mk AEE
E&RIEMEE, P R~THRMH S~TE., RaxM QRS BEHE| T HEHMME, T~P
EIHIE A T B HE P T E, P~R BHAR-AMN P #7758 QRS 3 IF by
M. LA MR AENDER,

RIEA S~35CHM.LHREG PEMTHEERY, BWEEMRME, REWESTPEM
T#. PERIEN 0.027~0.0525mV, £ 5~-25CHHE, HmFEHEHE2STLL RN XS 548
BOREEPEMTRES, THOH. Q&R KEFBHIN, S 15CLL LR
MM, HAfmpk. AR SCLEAE ISCTH, L3BHE 14.6 &K/ min 3#m% 201 3K / min, P
~R. R~-TH T~PHRIHEMAHE ZHEEH. FHHACEZERERANERNREE
(P<0.000), FEFRRIHEFHT, %5 FE8T00.0 R TEHE L 155 8 0 BB O R E
th, BESIH A, LEMEEZEE R=153W " ®EA(Licht, 1965), BAMEMAEE
AL, (B SRRUE multiocellata)VFEEE i M Phirynoce phalus przewalski)lf) th E 41
fl, LERNHFER, RMEERN, WEEEHREHERER,

QRS/RR I RT/RR MES#EEIEAR. i TP/ RRFIPR/RR A SR 27
¥, IRSTEME T A O R & AR A R RL B R E E(TP MBS
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