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Effects of cooling temperature stress on hematology and
serum chemistry values of Cyprinus carpio
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Abstract A total of 85 interspecific hybrid E, Cyprinus carpio var. wuyuanensis x Cyprinus pellegrini pellegrini  were cooled to
specific temperatures and held at those temperatures over a maximum of 4 days in a water-recycled and temperature-controlled
aquarium inside. As a result the blood homeostasis of experimental fish changed violently as acute temperature changed from 16 C to
10 C and 4 C at arate of 1 C h™! according to the data we collected. Whole blood pH also called extracellular pH pHe were
very sensitive to temperature changes where there was a significant difference between 10 C 7.41 and 16 C 7.17 P <0.01

compared to other values of hematology and serum chemistry. When the water temperature was continually decreased to an extreme
temperature of 4 C  the content of Na* of serum decreased remarkably in comparison with that of 10 C and 16 ‘C  which was 85.
2 mmol L™! 113.3 mmol L™" and 118.7 mmol L~ respectively. The values of hematology and serum chemistry also altered in
gentle temperature changes of 10+2 C and 4+2 . Most values of serum chemistry and pH changed significantly whereas
the values of blood plasma changed slightly. pH was up slowly in 4 days at 10+2 < and down slowly in 3 daysat 4+2 C. A
variety of values of serum chemistry changed remarkably both at 10+2 9C and 10+2 C but the values of TP TG and ALB
only changed significantly at 4+2 C. These results distinguished at least two mechanisms involved in cold-induced stress in hybrid
F,. Cold-induced pH changes resulted in other values altered. What' s more pH correlated negatively with water temperature above
10 C and the content of Na* . We also found that gentle temperature changes will be physiologically compensated for on day one at

102 Candonday2at 4+2 T inhybrid F,.
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stress
cold acclimation acute
homeostasis temperature
3 alarm reaction
phase stress
resistance phase response ' ° Cyprinus
exhaustion phase carpio var. wuyuanensis Cyprinus  pellegrint
! pellegrini F,
Oreochromis
niloticus 8~42 T F
2
1
2 Cyprinus carpio 0 ~ 30 1.1
T
0~47T ’ pH Mettler
Goldspink * TOLEDO 320 Ca?* HCI Mg* EDTA
Cl™ HCO; -
myosin hc 1 67
1
Tab.1 Water quality analysis of water environment
tem;C pH mgClL1 ;Igc%:] m(g?aii1 mltg’lgi tl [?;211 ailiafl tov;lloilaidffss
water quality 16 7.02 20.53 7.078 49.25 14.93 3.7 3.4
1.2
AVL995-Hb
g ¥ F, pH Pco, Po,  HCO;™
58~70 g F, 85
1.3 1~1.5mL 0.5 mL
Trueman 8 10% EDTA-K,-2H,0 1.5 mL
16+2 T
Sysmex SF3000
140 cm x 60 cm x 40 cm 16 C HGB Het
5 16C 1TCh! MCV MCH
10 C 10+2 C 4 MCHC RBC
d 10C WBC 9 Neubauer
4 C 4+2 C 3
d 100C 4T 102 C
4+2 T 5 1.5 mL
4000 r min~! 10 min
1.4 Olympus AU-2700
pH AST ALT
300 ~ 500 L TP ALB TBIL



5 703
BUN TG LDH Na* CI- 3d
Ca* Mg+ 2.2
1.5
SAS 8.0
Duncan * pH Na* P<0.01
MCH MCHC P<0.05
2 pH HCO;
Cl™
2.1 pH
16 € 10 C 10 €
4 d 4 C
10 C 4 C 2
2 3 mean + SD
Tab.2 Mean values comparison of blood indices of
experimental fish at 3 temperature control points
e whole blood blood plasma blood serum
temperature Pco, HCO; HGB MCH MCHC Na* Cl- Ca**
control points ~ PH mmI-ZIg mmot L~* gL' pg g L™! mmot L' mmol L™'  mmot L™!
16 7.17+0.02° 16.5+2.1°  6.2x0.4° 84.6+5.9%  188.5+3.32 1004.8+28.1*  118.7+6.4* 86.6=17.0° 2.8x0.3°
10 7.41£0.05* 14.6x1.0*  9.4=1.1* 73.2+10.3* 182.7£12.5* 958.0+70.7*  113.3+3.0° 89.3+1.52> 2.3x0.2a
4 7.37£0.14" 14.3+1.4% 8.0x1.7% 58.8+6.0° 127.3%9.1" 676.0+98.3°  85.2+12.4° 111.5%16.5° 2.0%0.1°
Notes same letters mean no difference otherwise significant difference
2.3 1022 °C <0.01
102 C Po, Het pH RBC TBIL
BUN 10 C day 0
P<0.05 Na* P 10 3
3 102 °C mean + std
Tab.3 Mean values comparison of blood indices of experimental fish in
different cold acclimation days at 10+2 °C
whole blood blood plasma blood serum
ti.[?]f: pH nl:::gg n-l]::iz{g xl(])z]l;CL" Het % pm?lgnlj‘] rrm]f)(lﬁi'] nu]:q/[o%z;_” mmrj?;f] mmgll_L‘l
0 7.41%0.05 14.6=1.0*° 85.9+13.4° 0.56=0.051* 7.72+1.08® 13.3x6.1* 2.2%0.3c 0.6+0.1% 113.3%3.0° 89.3+1.5"
1 7.22+0.01> 20.4+1.0° M.3+12.5° 0.83+0.068® 11.68+0.98"® 1.2+0.5> 4.3+0.5° 0.8%0.2> M.0x7.3> 62.5+15.0°
2 7.28+0.04% 19.0£3.0° 47.4+7.9*  0.67+0.11° 8.08£2.84®  0.7x0.1° 3.5x0.6° 0.5+0.1* 71.3£5.1° 52.4x12.0°
3 7.20+0.02®17.8+£0.07® 51.7+7.5* 0.70+£0.046% 10.36£0.91®  0.7x0.2> 2.7+1.0 0.7+0.2® 89.4x5.1> 71.8£17.0®
4 7.32+0.01%19.0+0.06% 64.8+8.8° 0.62+0.052® 8.58+0.82%  1.0£0.4> 2.8+1.1® 0.8+0.2° 92.4+16.3" 63.6+22.0%
Notes same letters mean no difference otherwise significant difference
2.4 4x2 C
42 C pH TG ClI7 /
P<0.05 TP ALB pH Cl-
TBIL Ca** Mg+ P<0.01

4x2 T 3d
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4
4 4x2 C mean = SD
Tab.4 Mean values comparison of blood indices of experimental fish
in different cold acclimation days at 4+2 °C
whole blood blood serum
d H Peo, HCO; TP ALB TBIL TG oy Ca’* Mg
time p He mmot L~' g L7t gL' pmot L™' mmot L™' mmot L' mmot L' mmot L~!
0 7.37+0.14* 14.3+1.4* 8.0+1.7*° 20.0x1.8° 6.5+1.3° 0.5+0.4" 0.6+0.3*111.5+16.5* 2.0+0.1> 0.7+0.1°
7.31£0.01° 13.8+£0.2%6.7+0.3® 15.5x1.9° 5.3x1.0° 0.6+0.4" 0.4+0.1° 108.7£2.8* 2.2+0.1® 0.5x0.1°
7.20+0.04° 13.6+2.1° 6.1+0.5* 23.6+2.2* 8.6%x0.6° 9.0+7.7 0.9+0.1° 82.4+23.7° 2.5+0.0° 0.9%0.0°
7.26+0.01° 16.7+0.4® 7.3x0.1° 18.8+4.1* 6.3+1.2°> 0.7+0.6° 0.6+0.2%83.8+13.5% 2.06+0.2° 0.7+0.1°
Notes same letters mean no difference otherwise significant difference
3 3.2 pH
pH
3.1 6C 1Ch! 10 €
pH 7.41 7.17 P<0.01
24 16 C 4°C 10C 4C pH 7.41 7.37
pH 10+2 €
15
oH pH 4+2 C 2 Taylor
2 HGB
0, €O, pH 1
P02 HGB -0.016~0.0190U0 C
Pe; 10 HGB pH
Y 10C E, pH
Bohr protons HCO;
P ’ 10 C
CO; CO;
2 o) Co,
PCO2 pH pH pH 15
11 12
——4C
Trueman 8 thermal
acclimation
13 !
10£2 C  4=+2 1 pH
T 4d 3d Fig.1 pH of experimental fish at different temperatures
10
£2 C 3 4x2 T 3.3
+ - 2+
AC " 16 C 4 C Na* Cl Ca
+ 2+ : 16
2 ~ 48 h Na Ca 2 Ganim
TP TG ALB 14
Ca2+
Ca2+
H
general ) P
Na* Burton !! 12

adaptation syndrome GAS '
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pH H* Burton
Na* pH/Na* Na* H* Na*
H* pH
pH CO, Ca?*t Mg+
Na*
Na* pH 3
—e— 10°C pH —e—4°C pH
—a— 16°C pH —4—16C pH
—a— 10C Na' —H4C Nal
k —~—16C Na* -
A A A
[ 1 i L L ] 1
2 10+2 T pH/Na* 3 4+2 TC pH/Na*
Fig.2 pH/Na* relationship of Fig.3 pH/Na* relationship of
experimental fish at 102 C experimental fish at 4+2 T
3.4
pH
3 15
NaHCO,/H,CO; NaHPO,/ NaH,PO, Na - 1  Goos HJTH Consten D. Stress adaptation cortisol and pubertal
/H - NaHCO,/H,CO; development in the male common carp Cyprinua carpio J .
9 Molecular and Cellular Endocrinology 2002 197 105 -116.
co, 2 Dan N C Little D C. Overwintering performance of Nile tilapia
Oreochromis niloticus L.  broodfish and seed at ambient
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temperature in northern Vietnam J . Aquaculture Research
HGB CO; 2000 31 485 —493.
10 17 3 M
Na*/H* 2000.28 - 29.
Cl~ /JHCO; 1018 4 Goldspink G. Adaptation of fish in different environmental
pH temperature by qualitative and quantitative changes in gene
expression J . J Therm Biol 1995 20 1/2 167 -174.
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