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Viability and changes of physiological functions in the tiger frog ( Hoplobatrachus

rugulosus ) exposed to cold stress

WANG Na, SHAO Chen, XIE Zhigang” , LING Yun, CHENG Donghai
Institute of Ecology, College of Chemistry and Life Science, Zhejiang Normal University, Jinhua 321004, China

Abstract: Global climate change has been considered to be one of the key factors leading to declines and losses of
amphibian populations. Though global warming is one of the acknowledged causes of fluctuations of amphibian population
worldwide, unseasonal sharp fall in air temperature as result of global climate change may also affect the survival and
stability of amphibian population severely. As amphibians are typical poikilothermic animals, environmental temperature
can influence their physiological functions and enhance their susceptibility to infectious diseases. The immunological
competence of amphibians may, therefore, make them vulnerable to parasites and disease particularly after discontinuous
and extreme events (e. g. winter rainfall, late spring coldness). In this article, we have investigated how cold stress

affected the physiology and viability of tiger frogs ( Hoplobatrachus rugulosus) . The winter temperatures experienced by wild

BE&WH . FEK AR A4 H (30800129)
fE B H9:2011-05-16; f&1T HE7:2011-10-31
# WIRAER Corresponding author. E-mail ; xiezhigang@ zjnu. cn

http ://www. ecologica. cn



11 TR & ARIEMGA T REUER AT S K e BT AL e 3539

tiger frogs in natural winter in the Southern Mountain of Jinhua in Zhejiang Province was monitored, and then replicated in
subsequent experiments. The aim of the experiments was to determine how gradient cooling (2 “C/24 h) and cold shock (2
°C) affected the mortality rate of tiger frogs, and affected various aspects of their immune function and oxidation resistance.
The results showed that the survival temperature range of wild overwintering was between 0—14 °C in 12/1/2009—3/31/
2010, and minimum and maximum temperature ranged between 0—4 °C and 10—14 °C respectively. During the process of
gradient cooling, we found that the accumulated mortality rate was 28.1% at 12 °C, 87.5% at 10 C and 100% at 8 C.
A significant negative correction was found between environmental temperature and frog mortality within a certain
temperature range ( Pearson test, r=-0.952, P<0.05). And lethal temperature of 50% occurred at 11.2 °C based on a
fitted curve regression equation. Under cold shock,45% mortality was observed after being directly stimulated at 2 °C for 6
h,80% mortality appeared at 2 C for 12 h, and increased to 100% after 24 h. There appeared to be positive correction
between cold shock time and mortality ( Pearson test, r=0.91, P<0.05), and lethal time of 50% is 7.6 h at 2 C
according to fitted curve regression equation. Moreover, cold shock significantly inhibited the respiratory burst of spleen
macrophages (1=3.827, df=6, P<0.05), peripheral blood phagocytic activity (£=5.388, df= 3.037, P<0.05) and
gastric lysozyme activity (:1=6.37, df=6, P<0.05) at 2 °C for (6 h). Although there was no significant change in
malonaldehyde ( MDA) content, the glutathione ( GSH) content of the liver (¢=-2.817, df=6, P<0.05) and kidney
(t=-11.302, df=6, P<0.05) increased. The activity of superoxide dismutase (SOD) also increased significantly in the
liver (1=-3.3, df=6, P<0.05), while there was no apparent change within the kidney. The results indicate that tiger
frogs are sensitive to low temperatures and that cold shock might lead to greater oxidative stress, more requirements for
antioxidants and produce immunosuppression in tiger frogs. Consequently, low temperature stress will stimulate organism
endocrine disorder and subject the frogs to a more intensive disturbance of physiological function, increase the survival

pressure and susceptibility to infectious disease, which may affect development and dynamics of amphibian populations.

Key Words: Hoplobatrachus rugulosus; cold stress; cold shock; immunity; antioxidant
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Fig. 2 Cumulative mortality rate in Hoplobatrachus rugulosus

during gradient cooling
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Southern Mountain of Jinhua in Zhejiang Province
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Fig. 3 Cumulative mortality rate in Hoplobatrachus rugulosus

during cold shock
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Table 1 The effect of cold shock on non-specific immunity in Hoplobatrachus rugulosus

215 NBT 52 i 3# B2 TERE S VA WA )
Groups NBT response intensity/ODggg,,. Phagocytic activity/a. u. Lysozyme activity/ ( ig/g)
X B ZH Control 0.956 + 0.024 14.898 + 2.31 43.270 = 0.901
AbPRZH Treatment 0.623 + 0.084 ** 2.415 + 0.316 ** 34.576 + 1.025 "

SEI{E DL Mean+SE 67~ , ko ZFEn i EIKFEH0.01 ,n=4—=06

2.5 RARTEX SRR S BB AR

EAKTE 6 h 5 FESUETIE (1=0.773, df=8, P > 0.05) MBI (1=0.164, df=4.542, P > 0.05) ZH 4Kk
AR MDA 5 5 50 B2 TC W] 22 55 (11 4) 5 i SR Fh e 4 fe i SOD BYTE M B 5 T (1= -3.3,df=6,P<
0.05) fH'E M SOD 3% 1 JCH] 8284k (¢ = 1.708, df=8, P > 0.05) (& 5); iFHE(1=-2.817, df=6, P<
0.05) FI'E A (¢=-11.302, df= 6, P<0.05) HrA /LYt GSH & ¥ B EHIm (K 6) ., 455 FRIRIAKTE (2

T, 6 h) AEUSE LS AL A T R
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Fig. 4 The effect of cold shock on malonaldehyde ( MDA )
liver and kidney of Hoplobatrachus rugulosus
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MFTHUADT A L RGP, A RS R, NEBOER RE A 1S I E 40 i 2 3R P450 R0 52 & D g A ALl R
GEibis A1, MZ R Ge ROS PoAE R EBORIR . 7EMFL IS I i & IR, K Bl A2 A1 1L R 35 20 20 it 4
fE7=1) MDA 19 8 & T /A BRE KR A B ik 2 S 80 E MDA & &m0 A s
AU 4R RS ( Zoarces viviparus) 7E 5 °C R HI#L 2 h J5H MDA & & WA Frig B, sk, B i ( Rana
sylvatica ) eV VR J 4141 MDA S 51 AR AT A 45 S5 B2 0L, Ud A AR [RIMIR TR ae Jy =X mT
PR ER  SOR IR RIAFAE SN 22 5 . 53 o0 ARIR I8 BB A5 S B o 28 B I 9 T e, iR 23
AR T =AY AR R AZ 2098 S B IS AEFAE SOD 3% PEHA 44 38 % | Katja 26 b 65 25 5
HAT 1 °C 2P TR & LT 4 AL SOD I M i 2538 . ZEARWE ST b | SRS JFIE SOD i 1 7E 12 Ik
SO A G T AN T B AR, X AT RE S BT S A O B M T P B R R AR ) NADPH-4
€ 2% PASO il 22 G 2 AN B o A I A i 2 R UE T DR R AR 4 SOD H T L,
GSH S5 BR A A iy B F 2 1 AR BT A AL BT, AW R IV IR e n 1 pe ek AN JUE GSH. &5 2, X 5k
VLR OB AR— B, (B, WFL 2SN 22 80 R ( Spermophilus tridecemlineatus ) 784 BRIV ] 7 K B GSH 25
G, H GSH 3R JFEHG PEFRAR T 50% ) 5 ANk BRU7E 8 32 4 Wi J5 LT GSH A &5 f2 th I 4 A5
Tk SR Y £ 2K R A 2AS ST A5 A S W A A X ) T WL 3000 1 o X T I Pt 2 18 g 225 8 s L sl A o
AR RS R AR BB AU R GO AR A B S e 2 IR B 455 A Rl — 2B 05T

L5 B TR PRSI X B AR A A R R T SERE ) 25 AIRIRLVE BE V5 S LA P A= S e R I o e Ak
PIBT I RR R o PRI, AR A5 A8 A 5 RS 1 Jmy 388 TR A S A2 108 Ja) 20722 Sy T B 2 0 JHL AR A7 R g S e vy XL
W; , B 2 Rl BESE WA [ SCIE B AR M Y A e AR oS3 A, PREUIE N TSR AR 7 I B R SN AS AR 0 e e i B 7€ DR AF
B, LABT IR &
Bigt . JBH 26 A Ronald W Dudek #(4% [ Chris Reading 18+ | & 18 75 Z2 FAB 5 58 B X A SCE V1)
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