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FK Ve SR AT 1T 240 B dE B B AR AL

ki HEY EIEBY EHRC
WEHY HEFY fREY

@© AR A Z RN QR SR E KPR AR AT i 430223;
@ JeRERERERE R A ALtEEE)  dbst 100081

FE: MM 2R RN EE e br . A SO AT ETEFRE ) 40 JE 443 (Acipenser sinensis) #MA
AP AT IT, BRAOA e Bt 30 i, 18 1. 16 . 156, 11 8. 7 630 4§33t 7 NMd4A,
FHT LB FAERS . PERRPHE R B A0S LA T A S AN de AR Ak, 75 SR TR RPN
SEREFH, D AMAMAHEEE (RBC) FHN (5.56 £ 1.19) x 10'/L, 18 i&A0 11 @5 H A4
HAEEEEZR (P<0.05), B30 #HAMAf ki (HCT) Ml (HB) {H2 3w T HAR
4 (P<0.05); 2) B4UfLEE (WBC) FHN (16.53+4.94) x 10°/L, 18 %5 4 WEFAEEEER,
B9 5 HAMBHAZAEEZEIEZER (P<0.05). 3) 40005248 (DLC) & 255 5 40 735
HE B, KRB (LLYM) 5.26% +3.95%. /NHREA (SLYM) 77.74% + 11.73%., W
TR0 L (NEU ) 9.40% + 7.98%- FERR 7 41 i (EOS ) 1.90% + 2.06%F1 H#4% 41 it (MON ) 5.50% =+ 4.00%,
L 30 BAF1 4 B REER, HailE5 R AEAERERER (P<0.05). 4 HREANIGERE
FrERG, SLAfma s, M0 AR A B4 e 0ROk T RE SN (P<0.05), M4L&E B EA G IE
ERARE. 5) FRPAEE AR R E R (P<0.05) HEEREL NS Tebr AL, A0 hn
ME IR 90%, 2 ZTt-40h Fh MR MR AL B AZ A I LL ) 2 R4 (P < 0.05), HAEBF YU & B M B K 5
SR AS I M B 2E AN [, I 4T L 5 2 P PR A DA B A IS T B I 22 SR T B2 B o At g AR O, 25 51
S AR R RPN SR B AR E RN SEE L

R . HHAeEd; MmANMALE; MR @B
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Abstract: Chinese sturgeon, Acipenser sinensis, is in extremely Critically Endangered status. The Beijing
aquarium is used as the major education and ex situ base for support this conservation, where the sturgeon can
be cared individually. The blood cell is an important indicator of clinical for healthy judgment. In this study,
the peripheral blood cells of 40 sturgeons distributed in 7 age groups were studied, including the > 30a (from
the wild samples), 18a, 16a, 15a, 11a, 7a and 4a. The changes of blood indexes at different ages, development
stages and stages of disease were analyzed, in order to apply in the health evaluation. ANOVA was used to
analyze the variance between different age groups. Paired-Samples T Test was conducted to analyze the
difference before and after gonadal development and the difference before and after disease. The average
concentration of erythrocytes (RBC), leukocytes (WBC) and thrombocytes were 5.56 = 1.19 x 10''/L, 16.53 +
4.94 x 10°/L and 15.53 + 15.82 x 10°/L respectively. The differential leukocyte count (DLC) results showed
that, the percentage of large lymphocyte (LLYM) was 5.26% =+ 3.95%, small lymphocyte (SLYM) was
77.74% + 11.73%, neutrophil (NEU) was 9.40% + 7.98%, eosinophil (EOS) was 1.90% + 2.06% and
monocyte (MON) was 5.50% =+ 4.00% respectively, and the results of different ages were in Table 2. The RBC
of 18 age and 11 age groups showed significant differences with the rest of groups. The haematocrit (HCT)
and hemoglobin (HB) of > 30 age group had significant differences with other groups (P < 0.05, Table 2). The
WBC of 18 age had significant difference with 4 age group, and they all had significant differences with the
rest of groups (P < 0.05, Table 2). The neutrophil and lymphocyte of > 30 age had significant differences
with 4 age group, and they all had significant differences with other groups (Table 2). In the quickly
development stage of gonad, the average level of HCT was changed from 27.98% + 6.77% to 39.67% =+
6.01%, the RBC was from 5.34 + 1.30 x 10%ml to 7.50 + 1.37 x 10%ml, and the WBC was from 11.15 +
475 x 10°/L to 22.00 + 9.99 x 10°/L, they were significantly increased than before (P < 0.05, Fig. 1), the
average level of HB was from 74.32 4+ 20.69 g/L to 90.71 + 18.58 g/L and there was no significant difference.
The WBC of diseased sturgeons was increased by 90%, which had significant difference with that before (P <
0.05, Fig. 2), and along with the decrease of RBC, HCT and HB. The differential leukocyte count (DLC) of
diseased sturgeons changed significantly, primarily neutrophils and monocytes (Fig. 3). It concluded that the
immune system of A. sinensis was mainly composed of lymphocytes, granulocytes and monocytes. The
hematology of the peripheral blood cells of A. sinensis was different before and after the quickly gonadal
development or when they were diseased, it can be used to judge the condition of A. sinensis in time. The
results are important to the health assessment and conservation research of A. sinensis.

Key words: Acipenser sinensis; Blood cell composition; Application; Health assessment

0 2 40 B PR ZH 1 5 AR R A N 5 AR B
RmfReEtEEEVIRR, BaEHETHEA
AW PRSI S TR E R, O
A Z M EREATHRIT T (Zinkl et al. 1991,
JAESE 2001, SFEAHRH AR Z, GFK
PUPEST (Acipenser oxyrinchus). fEWjfd (A
brevirostrum) (Baker et al. 2005 ) KX #& (Huso
huso) (Asad etal. 2010). ZH[CEF (A, naccarii)

(Martinez-A'lyaarez et al. 2002). = (A
transmontanus). 52 [KfF (A. schrenckii) & (X
ZIA5E 20060 o HAEET (A sinensis) 1E NI
KRR E LY, B THoeiREs,
T AR i 40 MR ST E 0 HE (Gao et
al. 2007, KL 2018). JLRUEFEIEIE A+
U E BT R R B R —, R
PH %2 R ARG EH 2 BARERF—R
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FF AR AT, IR R R R 5K
KIS %% 2014, 2017), FITFRAMEHE TS
P ASCEIE AR AFERE B,
DA K Kb T3 R 2 R A 1 T 240 P 3t A 70 B 43
M, 7R AT A A 2 A, DA BB
LR A AR, B TR PR R
W TSR BEERA AT, RIS SR A 3N 4 ifi 48 PR AH 5%
SRR

1 WMRETT%

1.1 AR

40 FEHAesgk 3 E KR 5T B
LK =W LR R AR R S b, 7R b iR TR
KIAGIFE, BFEE A rRAEend 2 ANMFERYH, AT
LI — A aesd 4 MR, AR AEET 1
MRS (3R 1) BT W AR e AR 4 IR,

RH R BRI A A R R AT BRI ) — Ik
PRt .

PRI R B I Ber WEPEVE BREE TR . A
PEPE B EE NI B bR K & I (k255

2017), AW F A FE 9 AR AR NP K H
BB, AR T 15 88 (£ Do A “ %k
B fRPERPOE R B BT, “KE R 1B
JRPGE R BH B -

P A AR N I RSEIR 21 5 B, &
ERIUNERIM AT, B ARERRE,
FEEI AR, AT A ARG, R
BIRMMET 158 (£ 1),

1.2 FEEH

FRAEB RS 20.0m () x 11.0m (%) x
4.4 m(E), BLE 20.0 m x 3.0 m R ML E,
PR 5 DA T T[] %o T VB PR 7K P 7KL, TR
W E S REE 2L 45k )G K. 77
FE/KHE 21.0 ~22.5 °C, % 7.0 ~ 7.8 mg/L, pH
7.5~8.0, ME <0.07NTU KAARHS b
L) YR B 7 38 1000 W &)@ i 24T 1
B, SRR E IR S BEmEI [AIEE 10 h ¢ 14 h,
MR S B K AR T, ARBEZ T 50 ~
4000 Ix, B[ A4 B FREH /N T 2.4 kg/m’
PERHE 45 AR S PEDRL R R VR & DR, 3R

R1 PHEEREAGER

Table 1 Information of the animal

eS| Heis GRS FAR () Ee A
Groups Source Age (year) Number (ind) Total length (cm) Body weight (kg)
LERYAH W >30 4 335.1£82 220.1+153
Age groups
F1 18 10 270.0 £13.7 134.5+25.2
F1 16 4 2448 £21.6 88.0+£24.2
Fl1 15 6 249.4+19.5 102.8 £26.8
F1 11 3 240.0+15.4 90.0 +£25.3
w 7 9 197.9+8.3 409 +3.7
F2 4 4 183.5+10.1 30.3+5.1
w >30 3¢ 337.6 +6.6 2543 +£16.7
7SI S E F1 18 3¢ 2725+ 123 151.7+15.4
Quickly gonadal development
group Fl1 18 28 217.0. 230.0 87.5. 59.3
F1 15 148 231.0 71.0
w >30 1 323.0 222.5
‘%%ﬁéﬂ F1 18 2 250.0. 299.2 104.0. 154.2
Disease group
Fl1 15 2 218.0. 225.0 76.0. 86.2

w. ey, F1o NLEA T ieed; F2. N L2 T bR,

W. The wild samples; F1. The first filial generation samples; F2. The second filial generation samples.
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RELLA) 1%, & 3 R, KK T R
770
1.3 M4 pAs Il o v

MBCRAE: RFHCRIL 5 ml, FEANHZREE
PrstE T, KA. RWFERIME 2 h WIS,
40P iH4L (red blood cell count, RBC) K]
SEE PRI 200 {5 MR, 2R Neubauer 114X
HRAE Olympus CX41 A N it%. Mmanfatt
1 (haematocrit, HCT) >R & a5 O
EREI . M4 (hemoglobin, HB) KAk
Kb FGE D E & 8 . F 401714 (white blood
cell count, WBC) KM K Natt-Herrick Fik
TR DU I 100 {5 MR, 2 R Neubauer 114X
BRAE Olympus CX41 R Nil$. A sy
M4 (differential leukocyte count, DLC):
S 11 IR S g b = O N R R 7 Y
KH Wright-Giemsa Jetf, 1144 200 440
N &AM L] K25 2018).,
14 HES

iR CPEME + trilEZE) Ko, KRH

SPSS 73 T B 0 B BEAT > A AL B . P R 3R
77 #4578 (ANOVA) AFEIFrBLErR 25, H
Paired-Samples T Test 4B [F]— /AP JR ik
KA WEEE WA ZESR, AP <0.055

2 R

2.1 ARG AT 140K

w4 A A1 I S 22 16 41 2 AT 40
(erythrocyte), ZL4HMI-FI % E N (5.56 +
1.19) x 10"/L, A4 (leukocyte) ANILA24H
Ml Cthrombocyte) />4, “F-35% B 73 7 R
(16.53 + 4.94) x 10°/L F1 (15.53 + 15.82) x
107/, I MAH IR S K. 40 5
Z 1 EMEZIH (lymphocyte), 121 5 H 4
LS H) 83%, Hrh KM EE 5.26% + 3.95%,
ANIRER 77.74% + 11.73%, FL VRS2 Mg o MR 40 i
(neutrophil). FZMAE (monocyte), /)
FERETRYERIAIHE Ceosinophil) (R 2). &K W3
WETR MR ZH A (basophil).

K2 AREFH ML B EL AL
Table 2 The blood cell types of different ages

HEHE Age (year)
>30 18 16 15 11 7 4
AR oha
Red blood cell count RBC  6.83 + 1.41*  455+0095°  5.61+090°  6.00+121° 4.02+1.14®° 610+1.18  578+1.28"
(x 10"/L)
4 i) . .
ieﬁjnﬁliir;t HCT (%) 3423 +7.55  23.17+4.05° 2551+0.75 26.86+2.80° 2329+425> 29.87+4.88° 2502+ 1.98°
0
4
ﬂﬁilim HB (g/L) 91.31+£20.57* 62.42+12.57° 79.78 £6.04° 78.42+ 11.65° 65.67+10.79° 70.20 + 14.45° 78.75 + 10.72°
14
White blood cell count 1042 +3.93*  1822+4.75° 16.22+1.94* 13.99+297" 1031+3.79° 12.75+7.03" 33.81+10.17°
WBC (x 10°/L)
g rh ) . . i i
I\‘;‘eﬁr%:éﬁ\fgu %) 18.02+11.48° 7.10+4.49°  925+3.80° 12.75+13.69° 7.50+3.88°  840+828°  1.75+0.96
0
@E}ﬁfyte LYM (%) 70.73 £ 10.53* 82.48+9.42° 88.53+4.05° 76.50+ 18.09° 87.00+7.02% 80.30+14.10° 94.75+1.71°
(]
WEER T b
Eﬁﬂjﬁﬁiﬂgs % 1L1I0£0.61°  223+2.13"  0.68+054°  3.63+223"  1.00+1.06° 3.70+3.56°  1.75+0.96"
0
1} 4
ﬁzﬂﬂg MON (%) 958+921°  4.68+5.68°  1.55+£127°  7.13+£4.03% 450+£456°  7.60+£4.75°  2.00£2.00°
Y (]

R HEE 5 F B RS BEEZR (P<0.05),

Different letters in the same column means significant difference between the ages (P < 0.05).
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o AN [ HE 4w A 1 ot 4 Y 2 R % 2t
ITHR (3R 2D, A 4iifeE%k (RBC) 18 #e Al
11 WA, SHARAZ MFEEEEZER
(P<0.05), HABRHNTCZE R, M4 R
(HCT) M4 HE A (HB) &, il 30 #
HEZETHAMA (P <0.05), 18#A 11 #
Wf%, SHAN 4 MR AR EEZER
(P<0.05), HAtha4 MEHZRITLES. A
Mo EH (WBC) 18 #%. 4 W2 43 7 5 HoAh ks 21
R ENZER (P<0.05). H40i52it
4 (DLC) &5iRrh, sgrhPERi4iie (NEU) A
WA (LYM) Hel¥h 18 #. 4 #4515
HAnES A AR EEZER (P<0.05), Hith
WA T ZE 5 WEIRTERIANM (EOS) TEAE#E
(T2 5, ALY (MON) AR 30 W4,
16 W& AN 4 WS 2H 23 3l 5 AR H A B EZ R (P <
0.05), 18 #%. 15 . 11 WA 7 W4EBT
ZE 5t
2.2 MERPOER B 5 S AR A ARl

X9 YRR E N PR R B B B e
EER DRI =R e w ok ol BEA R OB S
(RBC) H (5.34+1.30) x 10"/L B3 FF- %
(7.50+1.37) x 10"/L (P<0.05), Hi4Hftt
O(HCT) 1Hi 27.98% + 6.77%5.% LI =
39.67%+ 6.01% (P<0.05), ML (HB)
EH H (74.32 £20.69) g/ EF+£](90.71 + 18.58)
g/L. A4IMLEE (WBO) i (11.15+£4.75) x
10°/L EFFE (22.00 + 9.99) x 10°/L, fEfE&E
EHES (P<0.05). FfabrEpEAILE 1.
X9 Bt NPRHE K E R ARSI R S 2 [T
b, REEAMBRLSE (WBC) HEBEXE
5 (P<0.05), HAMIRIRGREZES, BN
PEAEAR T MEE
2.3 BIR AT M40 R AR AL

X5} 5 5 FR AT 1T A0 A BRI (P 2D,
X ECR R RTIAEAR, AN (WBC) HE
EHN (P < 0.05), P3G INEEE 90.0%.
LS E (RBC) MM H (HB) {H15 5
EBRAR (P <0.05), “FI5 BRARME B2 4 N 26.5%

M 18.0%, IMZHAEELAR (HCT) B#fK. X E4m
J 3 2t E (B 3), W8 Hh L 4 i R B A% 4 i
FEBIAR AR 2, AR ARSI AN %K
R C A RN /N bR LB B o0 ) T, s AR
R IbR LA B~ 35) LAg B R T 5.40% + 3.24%
BINZE 13.81% + 6.29% (P <0.05), AR EK
GRSVIREL.,

120 e
B e ctopment

After development

i ]
[L|
o L_miai .rw iﬁW
a4 mARIE  maEn F 4
Redblood Haematocrit Hemoglobin White blood

cell count RBC HCT (%) HB (g/L) cell count WBC
(x101/L) (x10°/L)

o0
(=]

ZE 5 Result
S
3

47 Index

Bl1 MERRRH IS M A AR
Fig. 1 The blood cells of the different gonadal
development
* RN R BT iR A B ER (P<0.05).

* means significant difference between Pre-development and After

stages (P < 0.05).

3 Wik
3.1 [M4HAE A ZE R

i ol RS I e R NA N = I
B BT, R CLRCR I i R 2 2 i R 3 R
i (Barton et al. 1991). ASZIGHTA MAE 77
FEZ A, HE LK E] SR I A 357 )1 25
DR RANA SRV S SR s g i i E L Py
BEASHEAT I3 52 5 B AN, 45 5 T8 KR 5h (ke
HE 2018).

£ Y I 240 R — S £ 4 B A 2
W, WER PRI PERRYERIAN AL, 1
T PERL G0 B DL K Az gl i 7 K2R (A K%
2001) . ARLEFEIR, TN E PR T
WEHRR MR 20 B LA S 6 B4R, %257 4
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60 I
E
§ 40 *
B¢
& I

20 * J_
= (1]
o | N
RIRHG RIRIE RIH RIRIG RIRHG V2= BRI KRG
Pre-disease Disease Pre-disease Disease Pre-disease  Disease Pre-disease Disease
AR oy e I 2 i LE AR MmLrEH H40
Red blood cell count RBC | Haematocrit HCT (%) Hemoglobin HB (g/L) White blood cell count
11 9
(x10"/L) J457 Index WBC (x10°/L)
B2 SRR LA R A R

Fig. 2 The blood cells of the disease sturgeons

* RONZIRPRERINAT G A EEMZR (P<0.05). * means significant difference between Pre-disease and Disease (P < 0.05).

@ ¥AZ40H Monocyte [ "EERMERIAIHE Eosinophil [ R Mk 41T Neutrophil [ kL4 8 Lymphocyte
100 . . [ =]
80 -

S
s 60
Q
= 40
x
20
0 . N, . ~, N, YN . ~, , . ~,
KR KRR | KRBT RWE | BWET BRE | AWET RWE | BRET KRR
Pre-disease Disease |Pre-disecase Disease |Pre-disecase Disease |Pre-disecase Disease |Pre-disecase Disease
1# 24 3# 4# S#
455 Fish number

B3 HREAHFE B KT B mAE
Fig. 3 The differential leukocyte count (DLC) result of the S disease sturgeons

ANE ZFAMAZIERS . A4 DAk R4 g
RE, e, HOOR MR 4 R A 4
M, R R 4 B £k B X5 MO 455
(1998) X} (Hypophthalmichthys molitrix)
HiffE (Aristichthys nobilis) HIBIF 7T 45 5 —%.
1 2 Ff R AR R B B P L A B, 3K 50K EG R (H.
dauricus) (AEZE 2006). =1 d (Zinkl et al.
1991). S IREF (XIZLAHEE 2006 ). 3% K A1 B

(Cichlasoma managuense) (JFilE 4345 2008)
srgh 3, T S5 [E 40 18 (Sciaenops ocellatus)
CBR WSS 2006 ) . K 48 iF j& 1 ( Amoya
caninus) (M-45 2013), B 55 X 4 (letalurus
punetaus ), & #i i ( Lethrinus erythropterus)
I REEESE 20140 81 F I 259 A I Tk 1
KL A 22NN, WERRMERL A L P I o 1
RORLA Gy T 17K, 1l I A v 5 A g D, 341
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(g 255 2008), AT HE S b T A0 s A
[FIN AR TS A 58, Wb RR 3 — P 5T
Hh AR 1T 24 2 Sz I T i . (Pelteobagrus
fulvidraco) (Barton et al. 1991). ¥ % JEf
(Oreochromis niloticus) (A% 2008). %
# 11 ( Rachycecentron canadum) ([ NI 2%
2005). #tr £ Bt (Epfnephelus coioides) (ik
RS 2004). BT (Clarias gariepinus)
(Olufayo 2009) %5, 140 ff % F ik (g (J&
EEE 20060, KiHEE (Bahmani et al. 2001).
YN IKEF (Martinez-A 'lyaarez et al. 2002) “5fig
fiX, HRREHT KLME 20060, HIFTIA
NGB EE R, AN, XY
EATHI A S A — 2 (MROGHESE 1998). T
1A %) 2 P IR J LR MR, SR
HARGU XSS, nrit—2utn. RaRE
N, AR R AR A R sh oK, 2 idEid
FERCM B, HoR LB R MFRMAER, KIIkrE
SR e RS S T PN

AN [F) RS TR AR i 40 B AH Rl R R,
T 30 WA LH B LT A M FR bR 35 v T AR 4 s R
30 WS 4 B ARETI E A R AL B
25, oS AR EEER, 5l b
ZRAReHRIFEA L, i 30 WAHAEFA R
&, 4 WH RN TEET A, SHRHEE
BCAAMR 5 N T 85 A i 48 i ez HL e
BZEN, M+ AR EEFRER . Fi SR R
T IEG (fERMS% 2013), XA
B AN ] g e fAR S B L B v K . 18 I
I A M FE bR 5 AR B A 257, W he
5B M il A B Al T 1 R R R A A
K, B BURRIRE 97 7 R A REAE KPS B 4
M4 R 2= M (Zinkl et al. 1991, J %%
2001). 11 W& M4 i 22 5 W] e 5 R A B i /b
HR, Fdt—PH. AT FE RN T
11 BN A A 91 45 AE AR08 TR LGB AR X
PERREAT 08, KRR — BT X9 R
POk R B ARG F R A AT LU, BoRK
F a e DA S AT E AR T M, HAhAE AR

TZES, VERRKE JEAA R A K22 5 rT g
SN 2 A AL, RAR SO R E A
PEAMARD (X3 ), RN SHEALE
AR, Hidk—PiEsk.
3.2 M4HEIhRe SR A

AR ER, MR E G440 HAH T
WA WS, RPEER RS, X5
KT MR B S B3 bk H B A ORI I A
DA 45 A — 5 KIS 2017). PEAR
R I AR 40 S O e B R, T
RES A M O G O%, AT Re SHRERR AL
PRI 9% 17K A R ORISR 2004),
HEG B

R R A BIIERS Ko —
B, AW S RRIB ST 4 532
Tt FIE IR, o AR R G2 18] b 41 i
BRzaptsEs RER. AR ER, f
PRI B AW, AR T R i 250
W, RERILIEE), S SR RIE R B,
FLIhRE O] RESE 7 AR 40 i R Rk b 78 He 9% 4 i 2
EIAL (BRRIZE 2005, Rombout et al. 2005,
BRI S 2007) . FRAZAN A AE 5 g 1
M EEAE, SR RAZA R A TR 2
B, ARBRTREFER (k2%
2018). bk T4 fifd 72 G 2 44 i 1) 2 2 20 B8 4
H A TR 76K B 20 R 23 DR DR EEL A4 R /N b E2 48
L2 SR, Kbk A M AE S e R F b )3 R
Fm RIS 2018), X 5ARES B
O A B = A A — 8. — BN
W i P LA i 5 I 38 e I R R B2 i R 4
HK, 10 UYL FIAR & S S, I8
RS AR (REEK 2009), AR
TR MR M AR/, BRI A DL
A A A UG A0 B 3 R B B A
T, ANEZA A4 Ll AR L BUR
AN FIIT /A, 33 1 7E 2 A f A fg BREAR T
DA% 5994 #  F00 i ] B 7 T b A B R AR
T2 9 ZH AR HE 0 21 240 L o 14 sl 2 U 2
BB TGRSR TR (REFK 2009).
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