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(Cyprinus carpio) . # i (Salmo trutta) (i Ifil & H5E 741
% (Walencik et al, 2007; Cieplinski et al, 2019); A
IR, £ DU Z R ER XS w8 1 3k A £f (Esox
lucius) F fif§ £ (Mugil cephalus) Ifil ¥ $t % 5 5 57 4
(Blaxhall et al, 1973; Mulcahy, 2010; Faggio et al,
2014), SRIESFE(2006)FFE A IR, AR BE TR 40
SNV TR AN . FriE RN BLIR AN 4 Fhiisesn
i, 1.0~1.5 mg/mL )2 i P 2B — 4l ) il 3
(Stichopus japoni cus) A i 21 il () § SRR fcliy, BV
KR AR, A7y AEfoff 20 i R e (i RS . Ahmed 55
(2014)F1 Sheikh 45(2020)IA K, FFZEIFZ —RepU 2,
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EIEPUEER . UL, BUEERIXTAS [F] #0288 i i TR O
TFAE i 2R & 18] 22 5+ (Walencik et al, 2007).

K % #F (Scophthalmus maximus) J& fi £ H
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A PRI A SR (R R, 20115 FREE, 2014), (IR4EIA
BEXT GRS AR BRI A R, AR R,
A IAEE AT R BOREE 6T I RBC. Hb Ml Het 3% I
P, M R HCEE R T VB BE 5 R A 25 77 A 2 AN W]
(K2R, 2009; Jia et al, 2021), _EiR#F 58S bR
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S i I AR AR S T AT R X R K A
FRAFIERME, 3t 54 B, RS K, SMICHif,
R R RN (200.21423.17) g, FIIRK R (14.25+
3.75) em, S5 K 4 ER 5L g A FE AR FROK TR R g
IR 2 F, REFKIRIEE N (18.0£0.5)°C, KT #
AR E M (8.5+0.5) mg/L, pH N 7.6£0.4, NH;-N<
0.1 mg/L, % H B RT o R (g 22, by 54
WTRARAFR) 2K, SCRHET 24 h 256, LT
FH 3 Fh— Uk B Hs R 1078 I T L 2R S i R T 2
L T/ I 7R =R ) | B 7 i e
12~30 1U, F7EERRSM 105~109 mmol/L, Z — el 2.k
TP 15~22 mg/mL,

1.2 FEBHE

121 kit s RE S A3 h X B 2L A
WEERA (2R A e ), A 31T, BF
TTHEF 9 BAZESE, XiF BALLY Bir s SL 56 f (5K
VAT 200 mg/L MS-222 /KW T, &
TR R e R e, B 3 FhprBERI (Kl .
FEERR NN 2, e DU 2, TR — B0 ) ) — U P 17 1 kSR
LA 3 42— UR P 0 TR ML A DA A 22 6 2 5 ik Ak il B
SmL FREKINJG , R M EE . Ab PR PR S50
S TS TN ARSI A A R RS & (1.2
0.3) mg/L , S50 A ] {5 FH A AL (AZ8603 T 15 TS £l fik)
SR W I K A A SR AR AR, 4R RE 2 h R HEATIRR IR ML,
KL Ty ¥ R 6 RE 2

122 BB L fik R HAE SRR RENNEI ]
BN RIEED, KRIMAEHHE 6 h Fl 12 h J5, MER
M7 PN IMLVREE 25 R 2, 0 SR8 PN LY BSE 45 9 L A9
VR R P AR R P Q0 R 5 e £ 3, AR i D R I T b
FRFEREA R F(G1015), 7 S 45,
M R e, Sok 8l B g vk T, BRI
5 L IR FE R — M, K i 3 — vt
AIEMES, BFE, HEEEE 10~15 min, FAT
W ORI P OGP @ 15~30 min, 25 {058 BREUH %
B FZE K e i T, WA TSR I AT A .
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RO 3 8 SR 53 1 4T 4°C KA 1R 58
7, A8 B4 1 3 LR AR I 43 7L (BC-2800 vet) K B 5 a0t
MR LT A0 B H (10770 . I ARIECH (10°/0) ML 4T § sl -
T 1B (/L) R AN RUE (%) o 0L B TR e R 8 -~
PRSP R 288 22 (RIA), 377 25 (KIP128000) 1y 0 @, &; ® T
(15T A R TR 5 LS RDRE o5 B s F& & P @
I (FO0G-1- 1)l F i 5 AL /B4 TRRFGLIT, $ifE I
SRS B & ‘&§° &
<
13 HERLE B RREFIRET 3 Fs ks
SRS VAR 22 (Mean+SD) R, R URGEIREZ SR
SPSS 18.0 Hf TR A 2y 3H(one-way ANOVA), Fig.1 Effects of _three_ anticoagulants on.turbot blood

cells during different treatment time

5 /f] Duncan £ & L5 AT 3 FRPTEERIAEPIARIRE T

AL S P<0.05 2550 05 22 3FHBERIAIE FAEELMMAA F 0 BRI

] 2 +h ol X IR R B 2 — e DU 2. — 1 T
2 EHRGHMW SEH L FPRERREN 3 FILSER T A0 R . o R

3 FBCEERIEI T, 45 B0 B B B (T 2A),
21 SHREAMKAZEMAREL RO M PRI R AR (1 2B), BRI . 7
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Fig.2 Microstructure of blood cells of turbot under different anticoagulants

A: FERMERLANIL(BAS); B: PERIAT(NEU); C: FERRMERI4TIE(EOS), WEATH(LYM),
PRZAMMEI(MNC), FEIRTERZ1IE(BAS); D: HEAHMI(MNC), WEAMIELYM), BEZAHAEBNC);
E: BZ4IE(BNC), MZAIEMN); F: SZAIME(BNC), THAIME(ERY).,
A: Basophil (BAS); B: Neutrophils (NEU); C: Eosinophils (EOS), Lymphocytes (LYM), Monocytes (MNC),
Basophil (BAS); D: Monocytes (MNC), Lymphocytes (LYM), Binucleate cells (BNC); E: Binucleate cells (BNC),
Micronucleus cells (MN); F: Binucleate cells (BNC), Erythroplastid (ERY).
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(P>0.05).

2.3.2 3APREE A AT SR A E T KK 6 fi AL

AT RZEFMBEAMMEEE R EEZ (K 3A) Kic0%h AU U 38 A B S R 32 B 1l 3K A
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Fig.3 Effects of three anticoagulants on white blood cell numbers, red blood cell numbers,
hematocrit and hemoglobin content under acute hypoxia stress in turbot
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Different letters indicate significant differences, P<0.05. The same as below.
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Fig.4 Effects of three anticoagulants on turbot plasma glucose and cortisol content under acute hypoxia stress
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AR, AR E D s, HR B
ERON, FFRMBCEERE , e DRk B o AR T Ay
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3 g

0 25 1V R SR A UEERIVE RS vl 43 85 il e,
FIREAe bk o Horr, FFR ) E 2 454 2K
HR AT B 1 L L VR T, AR R BN AN £ — e
CR AN REIN I /R RIS Ca™ T A5 i
BH RS, A g Ca® e, B
1 L9 ¢ [ (Faggio et al, 2014), XIE155(2017)0F58 %
B, FFE . AR AN . R R 2 D £ R
Y4 A] SiE K- 4l 71 (Carassius auratus)F JE Il 4 EE & i) fa] .
ARHIFFE R, A7 TR B R 25 0 e S B[] P T BERICR AN
B3, RTINS KEEE I Ca® e R
Mg G, R BT RETC Ik 5 R SR B Il 2% rh i o e AR
F45 A, IS REVR A2 I V368 [ B0 4, 3 b B 4 1 i
i S P L HGE (5K 1445, 2006; Faggio et al,
2014),

H AT, a2 40 M v R il e e il R # R i
TNABTEEFR, BrEERnr o6 i/ MR 4, 2 IR 1)
PUEE RN A0 A S N (E SCE A, 2014), A=
FEQOOMFFE R, KEZOF ML AN/ LTI . ke
2 B 20 i 1 v P O R IR 4 5 b2
AR IR BE TR FIG B AL A A . ASBFFEH, X B4 A7
BERRENBTEEVE T 1 BLE FR 1 A rg bk 4 i, 20—
[z DU 2,8 — AR PBER R A g R R i, X 5 -
R B M 240 L 2 R o AR . RAERF Q0115
W, BAN SEOEEGE TSRS, RAREN
PR K 25 B A A I T] PN BB T, TG i UL 2% S 1
WL, S IR TN | R M U S
Ak, w25 T R B BEHEBO TS5 7K | AR IR i A Ak
BRI N R W2 F BRI #45(Clarias gariepinus)
A S H A0 (Alimba et al, 2017, 2019; Ogunsuyi
etal, 2019), 7EAWFIEH, XFHLNF R WPTEEER T
ML B 40, AT e S I MR —FPASH]
W72 5 R EEE R, SRS, 2
TP LR A R AT FR AN PUEE T T ULER
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43 ) HH B AR N G A I 20 i

LB F 20 2 £ 2 B A 40 B £ 28 A I £ 28 1Y
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12 CH GRS, 2018); Z040 M a2 Lk P i 2 11
YA, [ ELsh PR, FEZEDIREE 2 O, f1 CO,
(FEEEAE, 2008); IMLZLEE 1A Y 2D RESE A A7 FliZ
B Oy (EERBESE, 1998), RZMM 42 IMLF BE 1Y X+ 2140
it FE R AL 214K (1 (Bao et al, 2018), [AItL, i iids
BT LS e i SE A [APAR S A AE BDIR S, 2 HAE
ST 0 2 AR FLIR S 1Y B 2 L - 250 (Ahmed et al,
2019). FTLL, ASHFITHE IE 5 MUK A8 200 T Pk
IR R 22 B M0V A 10 5 i 2647 68 B A &30, IR 4R
JBRiE 2 Al gL H 3 S (P<0.05), EE &
% 4 1o (Oreochromis niloticus) . #E i (Lateolabrax
maculatus) 4] f 1 44 & I (FRFEX S5, 2019; F E AL
4, 2018), (IREAMMEZMT, R, oMLK
TEPPIEEFIER N REM A M H R ENE
(P<0.05), 7EKELS4 Jy fili(Takifugu fasciatus) . 71 4))
.. PHAP )43 (Acipenser baerii)H 414 BF5E (22 Rk,
2018; EMREA, 2016; sKIESF, 2011), 5KEHA(2017)
R, EARASIE T, M2l B 2r 40 i 4
H T3 0 il 21488 7 R 45 A RE T, LAY
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VS I, DA 3 LT A R D (2 R A, 2005), BFSE
T, R0 TR AR R R N A 6 | e 1S4
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labiatus)Ifil £1. 2 1 7 & Jo &2 W (Cieplinski et al, 2019;
Sheikh et al, 2020; Ahmed et al, 2014), 5%} HE2H 45 5
L, BIRRGES, £ D 2 8 5 R A
b, B RE 0 ) 2408 i i £ 40 i 5 B 3,
BEAMRE Y, ZHAHMEHBE LR EER., R
R, LR ORI 2 SR 1 RE .
fit(Persian sturgeon) Ifil i £1. 21 Jifd U 45 /55 (Sheikh et
al, 2020; Gholipourkanani et al, 2018), AHF5TF M,
FrERR AN 5 2 e DU 2R B0 A HL 2T 40 i B S
T+ (P<0.05) , i AT B8 54716 R 4 2 5 B0 21 4 A Jieb ik
A K (Faggio et al, 2014), b SAMF LS RA
—3,

o 28 ML R A R T PR b RE &, DA
PRAH LS B W IE R 1817 BIATHR B S A I R
BT A A2 AR, 45 1 (Rachycentron canadum) &
PEAR AU S, L5 2 A o P s (O R
2019), EARMIEH, SMEIRAM AR, A
e B 25 = (P<0.05), FFZRAh5 A 2 FhprésRiAe
o, AR B PR AR (P<0.05) BFFEERET, I
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Effects of Three Different Anticoagulants on Blood Cell M or phology,
Anticoagulation, and Hematological Parametersin Turbot
(Scophthalmus maximus)
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Abstract
blood physiological indices using anticoagulants reflects normal physiological status. However, the selection

Fish blood tends to coagulate due to its specialized characteristics. In general, the detection of

and application of anticoagulants have no uniform standards because of the specificity and diversity of fish
species. In the present study, the effects of three different anticoagulants (sodium heparin, K,EDTA, and
sodium citrate) were investigated on coagulation, blood cell type, hematological parameters (white blood
cells, red blood cells, hematocrit, and hemoglobin), and plasma cortisol and glucose contents in turbot during
acute hypoxic stress. The choice of anticoagulants may result in significant differences in turbot blood
physiology and chemistry. To supply technological support in turbot hematological research and
best-practice aquaculture, this study compared the effects of three common anticoagulants between normal
dissolved oxygen and acute hypoxic states. The recirculating aquaculture system is the main culture model
for turbot; water temperature and dissolved oxygen levels are important environmental factors, especially in
high-density industrial systems. Sufficient oxygen is key to maintaining normal metabolism in turbot.
Experimental procedures were designed for control and treatment groups, each group had three parallels, and
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54 turbots were studied in all. In the control group, 200 mg/LL MS-222 was used to anesthetize a specimen
before collecting 5 mL of blood from the caudal vein; the blood was transferred through a needle and
vacuum tubes containing three different anticoagulants, then the vacuum tubes were stored for evaluation
after 6 h and 12 h. In the treatment group, nitrogen gas was used to rapidly reduce the concentration of
dissolved oxygen in the container to (1.2+0.3) mg/L (measured with a dissolved oxygen meter), after which
the same procedure of anesthesia and blood collection was conducted. For blood cell type and morphology
studies, the Giemsa staining method was used to make blood smears. The original solution of Giemsa was
diluted before use. The slide was sterilized before a drop of blood was placed on one side of the slide; one
edge of a cover glass was placed in contact with the drop of blood and pushed to the opposite side of the
slide at a constant velocity; the slide was then fixed with methanol for 10~15 min and stained for 15~30 min.
The smears were washed and dried after staining. Finally, the stained smears were observed under a Leica
microscope to determine blood cell morphology, and images were taken. Blood samples were divided into
two parts for detecting physiological and biochemical indices: one was centrifuged at 3500 r/min for 10 min,
and the supernatant was stored at —80°C for the detection of plasma glucose and cortisol content using
commercial kits. The residual blood samples were stored in a refrigerator at 4°C for the detection of
physiological indices using an automatic blood cell analyzer. The anticoagulant effect of K,EDTA was most
effective under a normal dissolved oxygen state, and the anticoagulant effect of K,EDTA and heparin
sodium were most effective after 6 h and 12 h of exposure to acute hypoxia stress, respectively. In addition
to coagulation, blood cell morphology showed that binucleate cells occurred through sodium heparin,
eosinophils, and basophils through sodium citrate and basophils through K,EDTA in the control. Three
nucleus abnormality types were identified in the smears: micronucleus cells, binucleate cells, and
erythroplastids. Binucleate cells were found using sodium heparin in the control group. In addition,
binucleate cells were observed under three different anticoagulants in the treatment group, and micronucleus
cells and erythroplastids were observed in the treatment group. The hematological index showed that the
number of white blood cells was significantly increased by treatment with three anticoagulants during acute
hypoxic stress (P<0.05), and the number of red blood cells and hemoglobin content was significantly
increased by treatment with K;EDTA and sodium heparin (P<0.05). However, they were significantly
reduced after treatment with sodium citrate. In addition, the plasma glucose and cortisol content were
significantly increased when subjected to acute hypoxic stress, but the content of sodium heparin was
significantly lower than that of both sodium citrate and K,EDTA. In summary, K,EDTA showed less blood
coagulation than other anticoagulants, sodium heparin caused binucleate cells and decreased plasma glucose
and cortisol, and sodium citrate affected the number of red blood cells and hemoglobin content. K,EDTA is
the more promising anticoagulant compared to sodium heparin and sodium citrate for blood analysis of
turbot and promotes the precision of turbot hematological studies under acute hypoxic conditions.

Key words Scophthal mus maximus; Anticoagulants; Anticoagulant effect; Blood cell morphology; Blood
physiology and biochemistry
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