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TG ALT (P <0.05), 2.3

5 40.39%  44.51%,
) (P >0.05) 20d,
CHOL 30d , (P <0.05), ,
(P >0.05), CHOL « 3, 30d ,
; 60d, (2.68+0.43) (P <0.05), 60d
mmol/L, (4.91+£0.88)mmol/L
(P <0.05), 5d (
AKP , 5 3) 30d (P <0.05)
59.68%, 60 27.04%, ; 60d
(<30d) (P >0.05), 10d
(>30d) (P <0.05) , 10d , 10d ,
TB CREA UREA Ca Cl 60d (P <0.05)
, (P <0.05)
F 1 YUEMRERE & MRER S F EIE A2
Tab. 1  Effect of starvation on haematological parameters in Myxocyprinus asiaticus
5d 10d 20d 30d 60d

Parameters Control 5 day group 10 day group 20 day group 30 day group 60 day group
RBC(10'%/L) 0.60+0.06¢ 1.19+0.11% 1.47+0.09° 1.33+0.10% 1.32+0.09* 1.03+0.06°
WBC(10°/L) 0.67+0.10° 1.10+0.18% 1.02+0.17% 0.77+0.08° 1.34+0.33° 0.76+0.13°
Hb(g/L) 55.20+3.50° 79.20+1.42° 81.804+2.29° 78.30+6.90° 73.20+5.50% 65.10+1.88"
HCT(%) 31.5041.82% 33.42+1.40° 33.2742.14% 31.3943.86™ 26.19+1.79° 31.5941.27%
MCV(fl) 542.03+47.04* 286.61+£20.35" 228.33+14.22" 224.04+43.65" 199.60+13.31° 307.98+11.04°
MCH(pg) 93.86+5.32° 68.04+4.56" 56.23+2.37° 59.28+5.04° 55.54+2.97° 64.17+4.93°
MCHC(g/L) 175.90+9.09° 238.63+10.37% 249.51+15.94% 258.01424.60° 281.804+20.24° 207.70+11.45%

+SE

, n=10;

a,b,c,d

(P<0.05);

Note: The data were expressed as mean+ S.E. Different superscripts in the same row indicate significant (P<0.05) difference between
groups; the same bellow

Fe 2 YUET PRBE & MR & L IR FR BT R M
Tab. 2 Effect of starvation on serum biochemical values in Myxocyprinus asiaticus

5d 10d 20d 30d 60d
Parameters Control 5 day group 10 day group 20 day group 30 day group 60 day group
GLU 7.66+0.79* 4.43+0.69° 4.15+0.61° 4.63+0.57° 3.99+0.77° 4.68+0.51°
TP 28.72+2.48° 34.97£1.21° 31.62+1.23% 28.2042.77° 20.71£1.69° 20.89+1.42°
ALB 15.40+1.70° 18.60+0.60° 11.46+1.26° 9.58+0.49% 8.06+0.39¢ 7.84+0.45¢
GLB 13.33+1.48° 16.38+0.75% 20.16+2.01° 18.63+2.33% 12.65+1.61° 13.05+1.61°
TG 3.54+0.88" 1.43£0.21° 1.37£0.07° 1.48+0.21° 1.04+0.10° 0.95+0.09°
CHOL 4.91+0.88° 4.67+0.70% 4.59+0.82% 4.84+0.63" 3.66+0.61% 2.68+0.43"
ALT 13.93 £1.49° 6.20+1.92° 5.44+1.39° 5.23+0.91° 8.03+0.71° 6.28+1.21°
AST 221.90+11.06 266.78+34.60 300.29+33.06 297.43+40.80 309.97+54.20 314.33+24.32
AKP 81.43+5.98" 48.60+5.34° 48.20+19.16° 42.04+5.16° 34.10+3.45 22.02+1.61°
TB 776.03+£94.62° 750.37+£56.30° 316.17+£37.28° 335.53+18.87° 257.32450.16° 302.32423.73°
UREA 1.55+0.36 1.40£0.20" 0.93£0.15™ 0.59+0.05° 0.67+0.05° 0.46+0.10¢
CREA 83.16+8.89" 75.30£1.76 65.19+1.93% 60.38+4.19° 59.80£1.68° 58.74+1.97°
Cl 110.84+6.63 114.07+3.66 99.67+1.53° 104.09+1.96" 99.44+1.40° 105.88+1.34%
Ca 2.57+0.16* 2.76x0.11° 2.57+0.19* 2.44+0.14™ 2.170.11° 1.77+0.09¢
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Tab. 3 Proportion of erythrothoid cells and morphological parameters of erythrocytes in circulation of control and starved groups

5d 10d 20d 30d 60d
Item Control 5 day group 10 day group 20 day group 30 day group 60 day group
(%) Immature erythrocyte 3.36+0.88" 1.88+0.37% 1.10£0.30* 0.66%0.30* 0.66+0.59*  0.01+0.01°
(%) Erythrocyte 94.67+1.15° 96.68+0.37° 96.21+0.34®  96.8140.20°  95.35+0.59  97.57+1.38"
() (%) Bilobed erythrocyte 0.15+0.06° 0.65+0.24° 1.72+0.35% 1.72+0.30% 1.89+0.47° 0.74+0.18"
(%) Degenerating erythrocyte 1.81+0.35 0.79+0.12 0.97+0.08 0.81+0.12 2.09+0.97 1.68+1.19
(um) Major diameter of cell 14.00+£0.09* 13.60+0.07° 13.77£0.06" 13.62+0.06" 13.59£0.07°  14.05+0.11°
(um) Minor diameter of cell 9.89:£0.07° 9.73+0.05° 9.42+0.05° 9.27+0.05¢ 9.30£0.05°  9.85+0.06™
Shape factor 0.69+0.01° 0.800.00° 0.800.00° 0.810.00° 0.800.00° 0.68+0.01°
(um) Major diameter of nuclear 6.66+0.05" 6.84+0.04° 6.85+0.04° 6.7440.04 6.67+0.04° 6.37+0.08¢
(um) Minor diameter of nuclear 4.08+0.03" 3.85+0.03° 3.89+0.02° 3.65+0.02° 3.54+0.02¢ 3.33+0.04°
2.4 R
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EFFECTS OF STARVATION ON HEMATOLOGICAL PARAMETERS AND
HEMATOGENESIS IN MYXOCYPRINUS ASIATICUS

JIN Li, ZHAO Na, ZHOU Chuan-Jiang, HUANG Lin and ZHANG Yao-Guang

(State Key Laboratory Breeding Base of Eco-Environment and Bio-Resource of the Three Gorges Area, Key Laboratory of Aquatic
Organism Reproduction and Development, Ministry of Education, School of Life Science, Southwest University,
Chongging 400715, China)

Abstract: Hematological parameters are closely related to the response of the animal to the environment, an indication
that the environment where fishes live could exert some influence on the hematological characteristics. Starvation is one
of the stress factors that fish often undergo in their life history. There is a direct relationship between the resistance to
some diseases and good nutritional state since fish immune systems are affected by nutritional state. Myxocyprinus asi-
aticus (Bleeker), Chinese suker, is a national protected species and an important resource for culture industry in China.
Under this background, we observed the effects of starvation (0 to 60 days) on hematological parameters and hemato-
poiesis in Chinese suker. The specimens were (94.82+4.52) g in weight, 141-178 mm in length and maintained in tanks
(10 individuals /m®) supplied with a continuous flow of normoxic water, at average temperature of 26.5(26-27.5°C).
After the acclimation period (7 days), fish were separated into six groups of 10 individuals each. The control group was
sampled just after the acclimation period. The other five groups were distributed over five individual tanks. Each group
was then subjected to a different period of food deprivation (5, 10, 20, 30 and 60 days). = The result showed that star-
vation had significant effect on physiological parameters, such as RBC, Hb, MCV, MCH and MCHC, but the influence
on WBC and HCT was not significant in Myxocyprinus asiaticus. When Chinese sucker were deprived of food from 5 to
30 days, circulatory erythroid cells included large numbers of immature erythrocytes and young erythrocytes. The de-
creased number of erythroblasts suggests that food deprivation impaired erythrocyte production in Chinese suker. The
ability of generating new erythrocytes almost lost after 60 days of food deprivation. Blood cells had achieved their
maximum age concomitant with the low nutrient/energy availability to cell replacement. Bilobed erythrocytes were ob-
served in the blood of healthy fish at a low frequency, but stressed fish at a high frequency. The presence of a high
number of erythrocytes with segmented nuclei in Chinese suker starved for 30 days may indicate cell pathology result-
ing from malnutrition. Changes of hemoglobin content and hematocrit were consistent with the changes in number of
erythrocytes. hematological parameters were all effected by starvation except cholesterol and aspartate aminotransferase.
Blood glucose is a sensitivity index to food deprivation. Continuous starvation caused significant changes of hemato-
poietic organs such as kidney, head kidney, spleen and liver. These included decreasing of cell volume, loosening of
their cell arrangement, cellular atrophy and hematopoietic tissue disintegration. With the prolonging of starvation, the
number of mature and degenerative blood cells increased significantly, and hematogonium and immature blood cells
decreased in hematopoietic organs. Moreover, the function of hematopoiesis decreased, even lost finally. These changes
coincided with the exhaustion of the main endogenous energy reserves. The period of 60 days of starvation seems criti-
cal to this species survival. The hematopoiesis and the senescence of existing erythrocyte were slowed down corre-
sponding to starvation to slow down energy metabolism. It is possible that the preservation of existing erythrocytes and
cessation of erythropoiesis is a strategy commonly employed by fish to tolerate starvation as an energy-saving mecha-
nism. The biochemical parameters excepting cholesterol and aspartate aminotransferase were affected significantly by

starvation.

Key words: Myxocyprinus asiaticus; Starvation; Hematological paremeters; Hematogenesis; Hematogenetic organs
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Plate I Effects of Starvation on Hematogenetic organs in Myxocyprinus asiaticus
1. ;2. 10d ;3. 60d ;4. ;5. 60d ; 6. 3 7. 30d ; 8.

;9. 60d
1. liver of normal fish; 2. liver of 10d-starved fish; 3. liver of 60d-starved fish; 4. spleen of normal fish; 5. spleen of 10d-starved fish; 6. head
kidney of normal fish; 7. head kidney of 30d-starved fish; 8. body kidney of normal fish; 9. body kidney of 60d-starved fish
H: ;E: ; Hs: s Mv: s M: ; Mmc: ; Rt: ; Iht: ; Gt
H: hepatocyte; E: erythrocyte; Hs: hepatic sinusoid; Mv: microvessel; M: marophage; Mmc: melanin-macrophage center; Rt: renal tubule; Iht:
interrenal hemopoietic tissue; G: renal glomerulus



