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MR RHE., EREKW, MERINH MM GO, Mg, RgnfE. e Sz ani,
AN LGB, A 80%LA I, FANML A MAR AR, (5 70% ~ 74%. KK P46 7% 5 ) i AE i 41
JE I 2T 20 P 20 S AR T /KPR v R L R B A (0.01 <P <0.05), T E4IIBHIEE. M A ZI A
MBI 5 L o Ra e, ARBEIRIE T IR R A B AR (P> 0.05), {E/K Y th il et g rh ik b 20 iy
4 R 5 7% T e A0 A P A 3R 5 5 SR R R (0.01 <P <0.05). PRIk, IS0 S0 1 76 K 5t R4 11
KB F75H o
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Morphological Charactersof Peripheral Blood Cells and Phagocytotic,
Bactericidal Function of Neutrophilsin Sinilabeo decorus tungting

DENG Shi-Ming” TIAN Xing” ZENG Chun-Fang” LIULi"”
ZOU Li” LI Chuan-Wu"®"  JIANG Guo-Min""
(D Fisheries Research Institute of Hunan Province, Changsha 410153;

@ The Aquatic Seed Farm of Hunan Province, Changsha 410153, China

Abstract: Snilabeo decorus tungting, which belongs to Cyprinidae, Barbinae and Snilabeo, is a large fish
and endangered species distributed only in Hunan Province of China. In order to find a suitable culture
environment, we studied the characteristics, immunofunctions and impact factors of peripheral hematocytes in
S d. tungting under different cultivation conditions (cage culture, cement-pond culture and soil-pond culture)
(Table 1). The peripheral blood cells from 30 individuals were examined, classified, counted and
photographed under the light microscope by blood smear, the diameters of various hematocytes and their

nuclei in shortest and longest axes were measured using routine methods, and the immunofunctions of
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neutrophils were detected through phagocytosis test and nitroblue tetrazolium reduction test (NBT). The
experimental data were analyzed with SPSS23.0, and the pictures were processed with photoshopCS. The
results showed that the peripheral blood cells of S. d. tungting could be divided into five types as erythrocytes,
thrombocytes, granulocytes, lymphocytes and monocytes, as shown in Fig. 1. The mean size of mature
erythrocytes in length x width was 7.36 + 0.58 um x 5.16 + 0.33 um, while the largest blood cell in the
peripheral blood cells was monocyte with a mean size of 11.93 + 0.86 um x 10.16 + 0.76 um (Table 2). The
red blood cells consist of the largest proportion (over 80%) of peripheral blood cells, whereas the content of
thrombocytes in low proportion white blood cells was as high as 70% - 74% (Table 3). Among the three
cultivation methods, the red blood cells number in cage culture was significantly lower than that in
cement-pond culture or soil-pond culture (0.01 < P < 0.05); the number, type and ratio of white blood cells
were relatively stable and did not change significantly with cultivation methods (P > 0.05, Table 3). In the
phagocytosis test and nitroblue tetrazolium reduction test, results showed that the phagocytic percentage and
phagocytosis index of neutrophils in cement-pond culture were significantly lower than in cage culture and
soil-pond culture (0.01 < P < 0.05), and the positive rate of nitroblue tetrazolium reduction test was the lowest
(P > 0.05). Therefore, the phagocytic and bactericidal ability of neutrophils in cement-pond culture was the
worst (Table 4). According to the results of our experiment, S d. tungting is suitable to live in a flowing, good
quality water environment.

Key words: Snilabeo decorus tungting; Peripheral blood cells; Morphological character; Phagocytosis and

bactericidal function
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MR A2 AR ) —Fh e 202, FEH
MARMIZE R, BA AN k. FRal
Kb 3. i s R 55 DhRe, WIS 5k
M5 FE R S BiHISE 5 9% [ )8 (Passantino et al.
2002, BOEHEE 2011, MfafkA BRI EE
ANFLIRBE IR T R AE RO R, HLAR P IR i T 2
SR HBLEAE (Ellis 1977, #=EEE 2007).
R, IR H Man e R s, HoE R IhRess
FE bR AT [A) 42 S Bt ML PR AR e 1 S 028
T Z FRVEN AR R . B TR A I Y
& MNCR L CAnderson et al. 2010, FRAFIREE
2017). HAT, A 5082 M S 2 f 77 i (A
FELZ, HE AN [F) 28 2 [ I A M R
DhREATAE — 2 MR 5 Ve A 2 S 1 (B R &%
1996),

WM (Sinilabeo decorus tungting) & fif
%} (Cyprinidae) #EIVF} (Barbinae) 6 J&,
e I A B R I — AR R R dE )L
TR, T IRARSE B A SRR IG A, RIR

HILE TR, CCNIE P CRESE 201D,
B 2006 £E LUK, W FE 4 K7 B0 7 B — BLEC
IR 5 A 7R K B TN TE, H
TGN AR )22, XM RE R, A
TYIESFEMEER, HRFERF CEEE
2 2019), AEFFHILEIRIX — 0 K ARl LLE
KA = I, X AT B -5 90 M0 1) 4 38 3
PERLEIA 5. BRI, AW 70 WA A K A
ARG 1 T4, LA 2 BT AFF 9 I i e 2
Hre K G ThRg, 1R 4R ARAE, DA
WA R R L IR B HLAA B ML
J3 T HIRE TR AL > S5 BORE, A AR 1
JRREFR B B A A
1 MEEFE
11 sSERAE

SO0 FH I A0 D350 me 4 7K P B BT A

TZHE AR, B, RRIemERRE,
TowaTE, {AHE 45~65g, 4K 15~18 cm, 3t
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30 JB . 43 R E IR 5 A B A [F] 1) KK T
WA FRIE =AMy KK Jeith 7258 A1 4 th 725
SRR, BEAKRE 10 B . ZFKIRTI SR %
JE R FEEK BB LI 1o

12 SEWTTEE

121 MBECREX MM T4 R AT s
WYLk 24 h, BEPLEIK 10 B, MS-222 REE,
T5%IkE TR R ES, AR5 H 2 ml VRN &R
FRIKCREE 10 ~ 15 ml MR, FFEREPuEE, &H.
KA FERONERWENR F, BRE3 ~ 55k, H
SN, Wright's 44ff, Olympus SAEE N0
LN (& PO IR it O N < v A A D
JL AR K BB o i) FE A 38 3 7K A 9 0 P A
TR Pt AR B 400 £, et R Neubauer 114
BRAE G5 AR EAT 2L 40 B A A P4
BEAFES TS K.

122 mEpERAREREREDGRRE =
EILEIESE (1989) Jrikit A7 o Mk 20 f 7
W Th e A S A A 2R DY e R O R IR e
(nitroblue tetrazolium reduction test, NBT) &
WH, Wright's Jeth, BRE TMERITSE
T R 2 A PR v PERE A AN B8, A R A s
J A W BRI g R H . THE
Mg R PR R4 i 1 A W B 2 % ( phagocytic
percentage) . FrWRfE%L (phagoctic index) #
NBT FHME4HMLH 7% (positive rate of nitroblue
tetrazolium reduction test). W& [ 7 FEIFTH
11 200 A0E b VERLAE M 2 5 A A R R E

R 20 BRSO R A b AR TR B B
H117 200 A0 Hh R 4 A 0 4 e B 1K
200 MHAA E 43 He; NBT BHME4HE & %,
R 100 /Mg F P RL 20 im0 TR R R 1) 4
A%
13 HiEsH

H Excel #HT 8RS0, Himss AT
i + HrdEZ (Mean +SD) %7x, F SPSS23.0
B AT D250 B FL R R 7 2 3 (One-way
ANOVA), EZREFHMHKE P < 0.05, HER
B3, WRH Duncan LT ZHILE . B
F PhotoshopCS #fFAb#, [A] bl 45 ik K14 5
B R

2 #3

2.1 AR MR E KA R 5 R/

BAEE AR, ANREK A A0 E i
WA RELMME. MR, EgpERrg
T RIS DR AR (B D, i,
MR N % N % <R i R 11 23 A v 0}
G2 MAMI RN, SR K 2.

211 44 (erythrocyte)  JHIHE6 MLy
PARCGALL AR . B A 2R, R
AW, MRZAMEIE, 6. A
WA B SO PR, MR, il ik
TR AN YT, BB RN
Hiks, [MPEEs). Wright's 4etf, Z040H0 i
AR AL, IS, AL R R,

R 1 FREEERAKEKR
Tablel Indicatorsof water quality and stocking density

HE 45 Indicator MFEF5E Cage culture

/K FE5E Cement-pond culture + 774 Soil-pond culture

FRIEH Y Stocking density (kg/m?) 45-50
JKi% Depth (m) 3.0

pH 722-7.67
TA# 4 Dissolved oxygen (mg/L) 525-1795
% % Ammonia nitrogen (mg/L) 0.020 - 0.060
AR £ Nitrite (mg/L) 0.005 - 0.027

ALY Sulfide (mg/L) 0.006 - 0.009

1.0-1.5 1.0-1.5
1.0-1.2 1.5-2.0
6.43 - 6.60 6.74 - 7.08
3.70 - 6.53 420-7.12
1.276 - 1.592 0.596 - 0.830
0.046 - 0.115 0.045 - 0.077
0.059 - 0.103 0.011 - 0.055
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EOB, Tzl (E1a),

212 ImE4Hi (thrombocyte) A0 I
HhEa KRR, FH2ANRF—k, B
W&, BRI, RIEFARUER, KA
—o B MR 40 M 5 ik 40 AR AR A,
ANTIRELAHRL, A% AR IR, D
PRI IR 20 A 1) B % 55 AN A R AL IR AR ABL, A%
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Ry g&

\ Ao
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JRECR, Mt KREARZERT 2, MBI TE
A2, CgAENIRZAN, DA I P 22 5
ANKRIUIE A A 40 B A% T L 4R R AR 2D

Wright's Jeff, Yefa i 5%, MiZ2REG,
MO gk, R (1.

2.1.3 HE4HHE (lymphocyte)  UTfBlEEEK
AT, #ZK, AT 40 A A e sl i 140 e —

@9

B 1 W4esRsE 4 Wright's Jea &
Fig.1 Wright'sstaining of peripheral blood cellsin Sinilabeo decorus tungting

a. FAZLAR (ME) . AGAZLAA (IED A3 L4 (DE); b, MARZHAL (THRD; c. W4 (LD: d. W Ekiguffs (NE);

e. PN (MO).

a. Mature erythrocyte (ME), immature erythrocyte (IE) and dividing erythrocyte (DE); b. Thrombocyte (THR); c. Lymphocyte (L); d. Neutrophil

(NE); e. Monocyte (MO).

K2 WHGBRF S E 4R

Table2 Cdl and nucleus sizes of various haematopoietic cellsin

peripheral blood cells of Sinilabeo decorus tungting

AR/ Size of cell (um)

%K/ Size of nuclei (um)

HHASEEY Cell types
4% Major-axis

%542 Minor-axis

K:4% Major-axis %1% Minor-axis

ATl Mature erythrocyte 7.36+0.58
WREL4H I Lymphoid 5.27+0.29
P41 Monocyte 11.93 +0.86
W& MR AN Neutrophilic 6.67+0.71
Qi) ¥ J¥ Spindle 5.02£0.99
Thrombocyte [ 7% Round 3.51+0.53

5.16+0.33 3.34+£0.26 222+0.25

4.98+0.21 4.13£0.54 3.69 +£0.62
10.16 £ 0.76

6.09 +0.58 4.80+0.51 2.82+£0.47

2.89+0.48 4.17£0.65 2.05+0.37

2.53+0.32
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i, Lz R, ZIRR S AR
REEE, MR/ . Wright's Jeft, BN EE
t, S —E, RO E (B 1o,
214 WERMERIHAM (neutrophil) kg
WA i 2 I — R A A, 24 e 2 TR TR BBR R
WGEN, MO TR —u, B, 206
FIEEE R, REE, R Z, SRRLK.
Wright's Jeft, MR A, FBUIRIKT
2ot (J1d).

2.15 B4 (monocyte)  4bJE I 4H
W KA . 40 S DR R R, Mt fr
T — I ERg f b s, 22 B, 4
MRS, LR R EUE, RIEA ML AP,
Wright's Yt R840 6, IR L, HEAN
%151, Wright's Jeto 2R WK, A 1T 7E4H
Wi E WA ). KANA— 25, BT

Fiik (B 1e)s
22 4R E gl E K&

GUIT o AR ER LA, AR FREE KR A
PRI AL A B A AE — e 22 5, KK TH A6
FRIE 7K AR A0 21 248 P 25 Y2 2K T /K et 77
FEAN i FRIE A (0.01 <P <0.05), /Kt
FREEA R A KA ERARE (P >
0.05). JHHAEER 1 40 i 35 Bl i A 4r i e i,
YRk G Rg R g i, i /D B A
YA, ASFFRFEAKORIE] AR I A . An
BB EZEEZR (P>0.05, £3).
23 WSS EABFENAREFRERAE
i

SANFRIA KA AR A1 FE 1 R R PR
M AR . MR FR AU S A 2 DD
W S VA R T 20 AP AE— B I 2 e (BR 4D,

£33 EMRTIMBBERTSH
Table3 Thenumber and percentage of different blood cellsin peripheral blood cells

RIS Cell types szﬁcﬁfm Cemﬁ?lf%ﬁj‘z%lture Soiliﬁiiﬁlture
s H ZT4Hffd Erythrocyte (x 10' cell/L) 1.18£0.37° 1.40+0.15° 1.45+0.28
el number FI4H Leukocyte (< 10” cell/L) 2.77 % 1.42° 3.90 = 1.72° 430245
AFE AR (%) 1 F:40A Thrombocyte 7171 +3.84* 70.31 +2.06° 74.11 £3.56°
Perceriteigkeo(c)}f/t(::isfferem #REAAE Lymphocyte 16.16 + 0.96" 11.72 + 1.02° 13.04 +0.98"
I P KL 41 Neutrophil 9.09 £ 0.26" 10.64 + 0.46" 9.60 = 0.67°

FATH FAR AR, RREREZ (0.01<P<0.05) , FEAHE, FREFALEZE (P>0.05) .

The means with different letters within the same line indicate significant differences (0.01 <P < 0.05), and the means with the same letters

within the same line show no significant differences (P > 0.05).

R4 WAEERSNE R R B DI AR
Table4 Phagocytic and bactericidal function of neutrophilsin peripheral

blood cells of Sinilabeo decorustungting

n TR (%) TR ST EE D M B BRI 2 (%)
251 Group g o . . ; .
Phagocytic percentage Phagocytosis index Positive rate of nitroblue tetrazolium reduction test
M FH 7758 Cage culture 29.40 + 1.50° 10.43 +6.78" 31.18 £2.02°
JK et 5244 Cement-pond culture 17.88 +2.82° 436+ 438" 25.38 +2.54°
it F# 5 Soil-pond culture 30.63 + 0.88° 12.52 £2.16" 38.71+2.31°

F5)th FARFREAR, #REFEE (0.01<P<0.05) , FRHHE, #RESFAEE (P>0.05 .

The means with different letters within the same column indicate significant differences (0.01 < P < 0.05), and the means with the same

letters within the same column show not significant differences (P > 0.05).
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KK X i FR B 2H 5 - b 57 5 2H g o 4
Tl B 7 R AR B 2 e A 22 (P> 0.05),
ST DO S M W P Al R T o R 2 e B
(0.01 <P <0.05). 7KJEithF75E 4 g H ki 4
MR FRIR 1 73 38 AR MR BORN S A Al 2k DY 50k
WERH MRS o 2635 9 ARl , 5 RoK T A8
FRPEAM LRI LR, HA H T %R
Witz REE (0.01 <P <0.05), &b
5 DU Z20Me SR B 4 40 L 7 3 2 5 KOK T Y A 7R
HERAEZE (P>005), S5HibsEHAER
% (0.01<P<0.05),
3 Wik
31 WEERSNA MAaMBEES K NEHE
LS A% . MR B2
AR AR, MRS ARIMBERZ.
R HEd . WER K. Fit, Zheg
MRS KNS H A A FSE B BB A 5%
T £ 2% I 4 P 5 A — AN AR AR E 1Y)
VoI, (H3ZE TR, MBI AR 2=,
L 210 10 ) 2H R R A o R AR AR AL (g S 46
2006) o A< SIS — K A4 FRTE AR BE A1 i35 H
SUYNMD . IMAAHM . RIZHM . Ik 40 f RN 2
Y, AHMEES, H80%L L, A%, &2
WEETE, wIAEARE A B R AT A
FEAUNT AN R M an i, 54 kiR 2%
LML (Krystan 2015), ARFIE (R /N
S IE JH At A1 JE I 4T A S A
2 (2008) SLERLER (0.62 = 0.11) x102AM/L
BRAR, A Re2R N EAR, B s
MEZE T ATEAFEZKAR A, HAob
JA LT A B A A W R 22 R, ROKTH A
FREEA R XTI RE R RIK T N AR FRIE, 7K
WinAFE, FHEEER, fakiEsED, T
ZE N 21 248 1 R ik KR A R A OPRHE
62011, RS BRI IR AN LI FRAE, /K
RS 2K, T ANE ML 2L A 2 (3
E55% 2013), Bz fif i (Cyprinus carpio) (#
FERYSE 20060 AMEAAMIEH, HEEZ TR

KT P TR, R+ B4R (Carassius
auratus gibelio) (#™K%%% 2006) FifH 2 )
(Triploid Crucian Carp) (XI5 2005) %£.

A o Gibunt P NN EARA i R ST i
SRNLRR R A TR K, DUIE AR AN A 4
KA, SR THUANLRES A AEPR ) 0%
ENYE . 5AWE R —KE SR L,
TR, BE 2, R fe
RIARFK, FFRALEERRIR, EahE WMk,
W H AR VE T IROK I AR (AR B &
2014), X5 HARIF IR B A0S ST A — 2.
32 WEERSNE EHMEE. ARG

2R IR LR S hiEs s HEAEA,
FEAHAL S A% 2 B 55 e o W A 7% 0 0 Ak 5
Y, M RE S SN IE NV e % N
HPES LIRS, HAA iR H I8 E
i, B4EEEH A 22 (Ellis 1999), H4H
FRILARA 22 RS (R EER 2007). B,
I e R IR AR R AR b
PE— 5 FEFE 1] s Bt o ) e A 1 B (1) e etk
Ao WA AN I 24 3 22 E i 2 A
B ASRIZKAR SIS 2H A S B ) LA 2 A 4
FRER—KF, gt ot el Rz, 5
FEFEIKFREL AR SRAEAN K, L 150 B S50 I 4
BEHAR RS IR

KERF RN, 2 ke 40 e 2L
B ERIRTRE MK E 48 (Parish et al.
1986), M4 1 40 A 3= 22 F I A 2 A it
WREL G0 L A5 R R A, R 4 2 = /D mT e
2 FEOMARIEIE NV S % B RE 155, K37
fiX, 2B
3.3 W kLY Y ) S T R

W H s 2 AL 1 A, A e R G A
REZ SR 2ORE S LA K SR T, AT R B
TR AR S 77 AR g, e 38 G2 877 0 ) T 2k
(Dalmo et al.1997, Whyte et al.2006). X1,
HBESIEERTE— e R B AL ATER:
SPERIERE T

M FRTE AR, AKYRKAARTR,  fARAR
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T /K FRIE AR, KR EE 155, 7K
EERE 2, BR . WME B AR &
ERMAEFREM IR E A S, B, 1R
KHAKF X Fh R I AR BRI = T
IR Sh BRI AL B = A 7 N N, AR P e
ARKERME A BRE, AESEMNE (58
BA 0015, BRIREE 2015, EHELE 2016), F
I A W A V% 1, B 7 e 55 2R 1R e 71 (Pegg
et al. 1995), FEUKVEILFEHE L IE - PR A
IR 3. BFURIRERBERE ) (SR
FVUE M IEH IR E 7 %) REACT MAETR
BRI I FRFE P2, RS 30 (Zhang et al.
2018), XFHLA SN #E ™ 4 50 (Randall et al.
2002, Pinto et al. 2007).

ZE FRTIR,  FREEAKARER BTN A A5 4)) 4 4
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Extended Description of the Morphological Char acter s of

Azemiops feae Occurring in China

B RO ARV

O CRITTERZEEMRIEERE FEM 241000; @ FEILE/REMBFEETI AT 31l 245000

3Lk (Azemiopsfeae) LK EFR ki, & George Albert Boulenger 1+ 1888 44 3/ 4 ] 1L 5 7 & me &k 1Ly
(Kakhien Hills, Burma = Kachin Hills, Myanmar) 1 S#EE A (MSNM 30891) iJ4, JERLZFN@ES A kiE/E
(Azemiops) . Boulenger (1896) Bourret (1936 )+ Pope (1935) F1 Smith (1943) A K [ k1% & 3¢ J& 12 WA} (Viperinae ) .
Liem %5 (1971) 4 M8 Skl S 30 - s S 23 28 HOMRRIRAALE, D8 Skl A i WAL 5UE TR} (Crotalinae) 3511
Fiat, MRl (Viperidae) JHALET B/ b g WRHRIG R 2 5T 10— S8 F Jalie, [kigd %k TR R
GERAY, IR L Skt g X s SE— TR, RISkl VAL (Azemiopinae), SRR ERHL TR
F R Y B EE F SR 18, 2013 E AT, AJBAEERE S 1 Fho Orlov &8 (2013) ELHL T AN A My H 73 A5 1) 8
SLUERAMRTIEAS CREBUERMEE R SRS E 8 AR ZER, ISk bR am AR, RIS sk
It T 515 A kharinic 2255 (2015) #4315 E 6 A kharini B 304478 BLE Sk, K3k B A feae
SO PR A R Sk i
CFEEE 796 TO)
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