E#EERERZEZEIR

JOURNAL OF SHANGHAI OCEAN UNIVERSITY

HE35HEE1H
20264E1 8

Vol.35, No.1
Jan., 2026

XEHE: 1674-5566(2026)01-0013-11

KPATRIMLN ES FIEE MR FrI= 0

DOI: 10. 12024/jsou. 20240604577

BHAT, A=, koum Y, Y, fiEe

(1. FBHERS W YRR S8 AR, B 2013065 2. KPR IR i 35221 &4 vl L dr 0 5 3 & S S0
=, [ 2013065 3. EEZEEAEYRFFERECS IR s, B 2013065 4. IR RSE JK P2 RIS IR & 45
B ETRE L E, I 201306)

W OE. N TRKINEEXE P P AE N (Oreochromis niloticus ) MR 48 bR S 4 2L EE R RS2, >R FH B2 B bk
MR ST 5 BAOREEA , AT # (28 °C) K R YIML (34 °C) T~ , Je & B A M i i 2= S8 % NE
W0 AR ARk . 25 SR, mRALIE B 2 R A 1) 2T 40 5 I 2T 28 1 38 0 e R IR AL S
YN A WO 2 IR AR A T R 22 55 (LT 400 BPAZE 240 F R g P 200 R 19 S/ INAE v R 2 v 2 00 0 0/
MRass . o ) R g s, K s IR DL S BUe B AE fa AL 2 2T A 1 2 LR AT
K, B AR X/ |, B8 68 3R I 2 B et A T 1 5 P R 2 T 240 2 6 A on ) LR £ 3R S e 24 i
WL, XSEZE SR KW IR PR X JE B B AR ) I bR S i 2 AR T I S R e ) L
3 110 D) N G oy BRI N e R B o AR S S BRSBTS 1 A 3L R AL B T R
BEZ AR R = T e S D HE SR IR I T R 22k

KR R P =Rk MR bR I R

HESFES: S917.4 XHAARERD: A

Je % B 4l .(Oreochromis niloticus ) J5 7= T-3F
A FRAE DB £6, SR J&8 678 H (Perciformes ) 1 1
B} (Cichlidae) & 3E 1 J& (Oreochromis) , H: D) r) 3¢
fRT B AR RV PRBEAE NV BB T 5 DA R i v i S
PR, R BN A BRYE I N )2 #5508 5 5 | Fl ) #026
Z—, Hg Ak sh i A i E R IR

M BEAE Ry — A Ay AR A YR A % £
KR RS AT R R PR A A A B
B g, ey, HAEKS
TR Z A AE 2 B U0 QIR | 7E45 B A I B 41
W, K B T R RS AR UE AR A KRR & M
— FUR A B B A e B D 2 7 A R T
M, L 2 POt T N,

Je % Bk A g T WK kA2 S —Fh AT
TR RIS SR, FESE PR IR A AR
I, KR = X e B B R A A A B I Y
AT o FMG UK IF ST AR 2632 °C2 Y

s B HE: 2024-06-05 & E BH: 2025-04-20

Ik A 35 AR KOKGR =TS T — A &
P ARt AR R R R T AR AR, SRR E
BRSSP SRR T X S5, il &
PUK IR & F 32 °Cl, i 8 B ARy AR K MR
537 BRI

I 2 0 2 T L ) 45 4 2R 21, R 3 SRR
e Wizt S pE i 2R OiRe R LA R E
B RGBT M A BRI N 7E AR R
1§, 32 B SRR DR F (0 5 00 1 & A AR S X
A BT B ) A0 R T U 2 3 sk o Y s
B PR VAR s R T A £ 2R 1 i BREIR
B B R0 LA B N6 R85 1 355 oy bR 0 2 1 A
Ty EEAY R S AR IR A A RF AT R il 4
WA R P 2 A R S B R B R — B
TIN5 2 45 F S A 9 25 b A B R 5% 1 R
YR, i HHIEAS SRR AL T S R £
Fefdt B 2 W 5 1955 5 5 1) EE BEAR R YL kA,

HETB: FZE AT (2022YFD2400800) ; [ 52 H Sk B2 4 1w 1101 H (32470557)
PEE R B (2003—), 53 WF5E 05 0] R 43 T4 9)2%% . E-mail:2055819104@qq.com

BIS1EE : FIR1E, E-mail : ghxu@shou.edu.cn

RERUITAT © (R 2441 S48 (CC BY-NC-ND 4.0)
Copyright © Editorial Office of Journal of Shanghai Ocean University (CC BY-NC-ND 4.0)

http://www.shhydxxb.com



14 SR C S N S SO 35 %

I JFE R AR Sy R 22 80 £ 2 1 2 8 3 IfL A £ 5
W E AR BSNA R T, EATRIE S
SEA AT RE A A AL A, ok 2E AR A AR 2 R 2 1L 4 i
P A SR 23 A1, 2 T e H 0 24 o A FRURR B0 Y
AR5

TEABRAZBE B R 57 T, FRAK AL RE B9
TEX 2 A B A A AR BT IR A PR N
AP T il B X B AR fa e B BIF R R 2 AR R T
SO0 7L R 30 0of % 2 2 A £ A BRAILRE Y 500
1710 4 30 i 3 AT F A o) JO AF 5 A X dle
Z o NI ARG TR R PR 0 2 R
A BEAIL B9 82 R, A B SR X 34 °C i K AR X
JeB BARPEAT T RIBFAER IR, 5 £
A3 A v PS5 X JFC AL YA A A 2 S A Y
AR SRS LTk e S Tl e B e N
IR IR R —E R BB S H AR

LR

1.1 el

TR —HE R R — 20 e B B At g
120 B, F K (3.52+0.35) em, “F- 4944 5t &
(1.25+0.25) g, BlHLF-2 50 AP0 41, B H
TRZH (28 °C) FlEs R 2H (34 °C) , IR S LAAD
Ho At R 5 A 52 0 I —F. 5K 9:00 F
18:00 45 LM 1Y, A 1 h s 5k T B 2% 48 ] ey
W W o Ak FH R AR R BB AT BR 2 FI AR
PR A R RS R et 6 H R
L E RIS HEAT N — 2 R AT
1.2 MERFSHENE

43590 AR R4 R R AL B AL R 3 R e
BB AT . &R (1 mg/mL) 1)
2 mL — Pk S 38 AR KR R IR,
— o BT whER A (PBS) LA 12200 f L4711 7R
AR, BRERE B3I MY FEE . W
100 L 7 B8 i 9 000 YA A TR T Il B3R A5 b (1
M EEAYPHE A R R, C0010101) |, T4k
i b % (32 v B /A W], BA210Digital ) T #E 47
I 40T, TR A B gt S AS TR RS N Y
SR LT MEL . Lo an o it A (D5

M=Nx25x10"xD (1)

A MORLLANME T, A /mL s N Ry SAS TS Y
(R - X5 21 240 BB D R 5K

Tl A I VR AR D) FH T 0 21 2 1 e I 5

http://www.shhydxxb.com

K & AL & Bk i 21 & H (Hemiglobincyanide,
HICN) L3k, 4 BE R o @ i AE W) AR SR i 2R
PR S B AT A
C=(4-4,)%x 367.7 (2)

K CRHIMATEA T &, g/LsA RFRMEER AR
FCHE(H 5 4, A BEEAK IO BEAA
1.3 MmMYAREENESKMUE

A3 5N H RS R L B AL R 3 R, O
B e B AR fa ol 4R A0 VT Il A% a0 v
Fo B B Wright Giemsa 44 RE (db 52 3€
TR AT IR F] ) Y €, 78 400 K A5 B A O
% W (JE BEA H , ECLIPSE Ti2-U) R Mg 4L
20 M | BALAZ 20 M L I v P R T L TR ECL 20 A
e A0 A T 25 5 40 R . b 40 B B PIL 3 B S0
AN FH Slide Viewer 45 {40 2 H: 20 L 5 240 A% 11
K.
1.4 ALRYIRFMESHEUNR

E RS R A B AL E 3 R e B
1, ) MS-222 (100 mg/L) % 1 BRI i 110 528 it
PG s, BCHE AT | I AL SRR S 4 A
1.5 mL B0 8 B AR O 4% 2 R 1
BER W IEAT 5 o B X [ 8 TR B 2
R K L ORGE B A . e 2 )
FrHLESEY) R (JF 6 um) R ] HLE 4% (4 Fl
PER I3 S 43 91T 40% | 100x F1 200% 5 KA
B A LS X T R AL S T S AR Ak
JEHA IR .
1.5 Sitoh

B4 e B ¥ 4 FH R 4.1.3 8 4F 9547 One-
way ANOVA i 56 12 #E 47 @ & £ 43 A1, P<0.05 &
RSB E,P<0.01 FREFW B E ., TR
Y UL 2 {8 £ 45 #E 22 (Mean+SD) £ /5 o i A
GraphPad prism 9.0 /E & .

2 44

21 AHREITHENIEASENE

ENSW SR WER A RN (11
1 mL #EATET U 14005 M 2T 8 3 el e, SE 56
SESL LI 1, IR 4 B9 20 40 Hh (1.0420.22) x
10°4~/mL, 171 =5 5 25 f 20 40 0 %5k (1.3040.13) x
10°4~/mL. A UL, KT Ak e % 2 fa iy 21
2 H R B TR R4 (P<0.05) . bk, i
Z1ER 15 i I 25 R R R H IR A



134

PR, A K R R DI e 2 B L 1 S 15

4 I 2T 1l (13.73+2.86) /L, 5 T 2H 14 1fi.
LT ol (26.60+£2.15) g/L, A [A) i EE 4H )2
%% 0 I I 2T 8 1 25 SRR (P<0.01) .

XSELE R KW sl A2 it T e B B AR
A DLy S TEARE g SO R i AN/ S A
e PR T B A SV BE T

Kk

520 | 130
)
) :
N |
Z ! 20 IH §
87 T ' =1
2210 T I3
S E ! # =
& E ! &8
2 ' 10 25
)
203 i :
= i T
z i
[Sa} H
i ) ML£T3E
Erythrocyte Hemoglobin

— #2H Normal-temperature group
mm i 2H High-temperature group
[l — YR AL TR b 24 5 B 3 (P<0.05) 5 **. 25551 i 3 (P<0.01) .

* There are significant differences between the high-temperature group and the normal-temperature group during the same period (P<

0.05); **. Extremely significant differences (P<0.01).
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Fig.1 Comparison of erythrocyte numbers and hemoglobin content between normal-temperature and high-
temperature groups of Nile tilapia
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ER. Erythrocyte; MO. Monocyte; NE. Neutrophil; SL. Small lymphocyte; LL. Large lymphocyte; THR. Thrombocyte; Using Wright—

Giemsa staining.
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Plate [

The microstructure of peripheral blood cells of normal-temperature Nile tilapia

i'[N

ER. Erythrocyte; MO. Monocyte; NE. Neutrophil; SL. Small lymphocyte; LL. Large lymphocyte; THR. Thrombocyte; Using Wright—

Giemsa staining.
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Plate I The microstructure of peripheral blood cells of high-temperature Nile tilapia
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Tab.1 The sizes of different types of blood cells in the normal-temperature group and the

high-temperature group of Nile tilapia m
iR el Wil o ik
Normal-temperature High-temperature Normal-temperature High-temperature
%}ﬁ o ik K- 4% A 42 ) e i 42 )
, it ARRE e geme BRSO OPRE g Bists
arameters Long Short . . Long Short . .
. . Long diameter Short diameter . . Long diameter Short diameter
diameter diameter diameter diameter . .
of cell of cell . . of nuclei of nuclei
of cell of cell of nuclei  of nuclei
ZL4 o - - -
12.37+0.51 9.06+0.54  11.34+0.37 8.46+0.45 6.74+0.39  4.55+0.33  4.27+0.24 3.19+0.21
Erythrocyte
BfLR 200 M " " - -
13.40£0.96  10.74+0.97  11.96+0.69 9.92+0.74 7.58+0.98 6.23+0.90  6.75+0.87 5.46+0.83
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W e sy 4 - s o
i fi*\/:,ﬂﬂﬂﬁ 12.94+0.85 10.46+0.92  12.08+0.95 10.15+0.94 6.66+£0.96 5.37+0.87  5.98+0.93 4.59+0.89
Neutrophil
/N L A A .
6.84+0.51 5.97+0.59 6.79+0.66 5.98+0.65 4.43+0.92 3.80£1.00 4.76+0.41 4.08+0.44
Small lymphocyte
b Eulial
Sk AN 8.11+0.86  7.14+0.99 8.1440.72 7.134+0.82 5.55+£0.85 4.86:£0.92  5.76+0.53 4.93+0.47
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1 24 i .
7.18+0.62  5.85+0.70 7.2140.68 5.56+0.60 4.7840.75 3.81£0.75  4.94+0.68 3.87+0.64
Thrombocyte

TE * [al— IR w2 5 0 IR AR HE 22 57 1035 (P<0.05) 5% 22 5l 1 35 (P<0.01) .
Notes: *. There are significant differences between the high-temperature group and the normal-temperature group during the same period (P<
0.05) ; **. Extremely significant differences (P<0.01).
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Fig.2 The size of blood cell bodies and nuclei of Nile tilapia under normal and high-temperature conditions
23 mmilERAER BREHTN AN —BYAFR, B R AT ARG P R 40 L, 4 A A%

XA E N R e B B AR IR A A IEBOR(EIRRIT-2, 5) 0 FIBE DK 2l AR Y
W) R R OO A B, IR A2 2t — 2 A AR L A MO, ok 4 2 A MR 1Y B8 1 2 v
AR AR B WAL B O T O SE B, BB OGN (B I-3) o 5 IR LE , AL
H1 73 B B B 2T B8R SR A B (R A I 2H 2 £ AR R, e R £ 4
-1, 4). ZLHENKHCR SIS MR, bR s At o Bedh, w1 4Lk i 3
oI PRRZS 4 P B AR ZRE R IR, N T 2% By A S 2R 0 K L4 i L 4
oMM IR EE e AL B R SRROREEAE O (EARIT-6) .

http://www.shhydxxb.com



18 SR (T 2

X % % 35 %

1~ 3 FRH IR AL A NI L 20 38 T 4, R HLE e 054 ~ 6 2R /il

ZH AN GUE 2 21 B A M SR I HLE YL ta . Ca. BEJIE; WP, 186 ; RP.
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1-3 represents the microstructure of the spleen tissue from the normal-temperature group, using H. E staining; 4-6 represents the

microstructure of the spleen tissue from the high-temperature group, using H.E staining. Ca. Capsule; WP. White pulp; RP. Red pulp; C.

Splenic cord; S. Splenic sinus; EC. Endothelial cells; Lym. Lymphocyte; RBC. Erythrocyte; MM. Melano-macrophage; MMC. Melano-

macrophage center.
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Plate [ Microstructure of the spleen tissue of Nile tilapia under different temperatures
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1-3 represents the microstructure of the liver tissue from the normal-temperature group, using H. E staining; 4-6 represents the

microstructure of the liver tissue from the high-temperature group, using H.E staining. HC. Hepatocyte; HS. Hepatic sinus; HP. Hepatic
plate;RBC. Erythrocyte;N. Nucleus; VA. Cellular vacuoles; MM. Melano-macrophage.
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Plate IV Microstructure of the liver tissue of Nile tilapia under different temperatures
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Effects of long-term high-temperature domestication on the hematology of
Nile tilapia (Oreochromis niloticus)

LIAO Pingde'?, LIN Yichuan'?, ZHANG Wenna'?, JIANG Shouwen>*, XU Qianghua'*"

(1.College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Ocean Fisheries Resources, Ministry of Education, Shanghai 201306,
China; 3. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai 201306,
China; 4.Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai
Ocean University, Shanghai 201306, China)

Abstract: In order to understand the effects of long-term high-temperature on blood-related indexes and
tissue structure of Nile tilapia (Oreochromis niloticus) , tail vein blood analysis and microscopic
observation techniques were used to compare the hematological parameters and microstructural changes of
the spleen and liver of Nile tilapia at normal-temperature (28 °C) with those at long-term high-temperature
domestication (34 °C ). The results showed that the number of erythrocytes and hemoglobin content of
tilapia in the high-temperature group were significantly higher than those in the normal-temperature group;
although the morphology of hemocytes did not show any difference between the two groups of temperature
conditions, the sizes of erythrocytes, monocytes, and neutrophils tended to decrease significantly in the
high-temperature group. In addition, observations of tissue sections showed that long-term high-
temperature domestication led to an increase in the number of erythrocytes, an expansion of the red pulp
area, a relative decrease in the white pulp area, and an increase in the number of melano-macrophage in
tilapia spleen tissues, as well as an intensification of hepatocyte vacuolization and an increase in the
number of melano-macrophage in liver tissues. These results indicated that the long-term high-temperature
environment had significant effects on blood indices and hematopoietic tissues of Nile tilapia, and it was
hypothesized that they adapted to the high-temperature environment by regulating their hematopoietic
function and immune response. This study provides an important reference for understanding the
physiological adaptation mechanism of Nile tilapia under long-term high-temperature, and also provides a
scientific basis for tilapia aquaculture practice in the context of global warming.
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