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Abstract: Euchiloglanis kishinouyei is an ancestral mountain fish, however, as a result of water project
construction and over-fishing, populations of the fish have declined extremely in abundance in the last
decades. So, the protection of fish resource becomes particularly urgent and it is high time to take a series of
protective measures. The purpose of this study was to investigate the morphological and cytochemical
characteristics of peripheral blood cells of the fish by light microscopy in order to provide information for
domestication and disease cure and to accumulate basic data for hematology of the fish. In this work, red
blood cell count (RBC) and haemoglobin concentration (Hb) were determined by fully automatic biochemical
analyzer and blood smears stained with Wright's and cytochemical approaches, including periodic-acid schiff
(PAS), phenoloxidas (PO), sudan black B (SBB) and peroxidase (POX) stainings. Data are presented as Mean
+SD. The results showed that RBC was (0.55 +0.06) x 10*2 cell/L, hemoglobin concentration was 73.00 +
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5.57 g/L, and erythrocytes and four types of leukocytes: thrombocytes, lymphocytes, monocytes and
heterophils, were identified in E. kishinouyei peripheral blood (Fig. 1). Additionally, erythrocytes were the
most abundant and largest cells in smears of the peripheral blood, accounting for 98.03%. Thrombocytes were
the predominant, accounting for 37.06% of all leukocytes, whereas heterophils were rare, only accounting for
9.64% (Table 1). According to the size and morphological features of heterophils and nucleus and quantities
of cytoplasmic granules, types I ,II and III of heterophils were recognized. Erythrocytes were negative for
periodic-acid schiff (PAS), phenoloxidas (PO), sudan black B (SBB) and peroxidase (POX) stainings, and all
leukocytes were positive for periodic-acid schiff (PAS) (Fig. 2). Types I and III of heterophils were strongly
positive for peroxidase (POX) staining, while thrombocytes, lymphocytes, monocytes and type Il of heteropils
were negative for peroxidase (POX) staining (Table 2).
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Fig. 1 Microstructure of the peripheral blood cells in Euchiloglanis kishinouyei (Wright’s staining)

a. FERGFIa4 (ED, MG (E2), D41 (BD: b, 411 (B), 441 (MIE); c. ¥EZMO4E (OB, Hi
A1 (G, RLBMA AN (E3); d. RUE BN (E4); e. IIALRIANN (G-1ID, We4hZLANM (LIED; f. AR¥%5E4r 244041 (DED),
BN MM (DE2); g MBANNIILLAM (ES); h. NKEAM (SL, ki (GL; i BB (G2), H4
e (P); j. BAEMIMARIE (TH), TRRZIME (G-1); k. KHRRMARGNM (THD, TTER41H (G-10);5 I {hH b 2keani (LD,
KHEERANE (G3); m. M I (MO, B th SR i (L2); n. FOJERIFH AR (L3), HMER AT
Bl (MOD); o. FLOJBEZINFZAINE (MO2), KkELAINE (LL): p. MiEEMARAIM (TH2), KRIEMMARANE (TH): 4R =
10 pm.

a. Erythrocyte with a narrow rim (E1), the constricted cytoplasm of erythrocyte (E2), erythrocyte (E); b. Erythrocyte (E), middle immature
erythrocyte (MIE); c. Old erythrocyte (OE), granulocyte with long and elliptical nucleus (G), erythrocyte with heart-shaped nucleus (E3); d.
Erythrocyte with kidney-shaped nuclei (E4); e. Granulocyte-III (G-III), late immature erythrocyte (LIE); f. Unequal dividing erythrocyte (DE1),
equal dividing erythrocyte (DE2); g. Erythrocyte with lobed cytoplasm (E5); h.Small lymphocyte (SL), granulocyte with bilobed nucleus (G1); i.
Granulocyte (G2), plasmocyte (P); j. Thrombocyte in a cluster (TH), granulocyte- I (G- 1 ); k. Clavate thrombocyte (TH1), granulocyte- II (G- 11);
I. Lymphocyte with pseudopodia (L1), lens shaped granulocyte (G3); m. Monocyte with bilobed nucleus (MO), lymphocyte with lobed nucleus
(L2); n. Lymphocyte with heart-shaped nucleus (L3), monocyte with dumbbell-shaped nucleus (MO1); 0. Monocyte with heart-shaped nucleus

(MO2), large lymphocyte (LL); p. Oval thrombocyte (TH2), drop-shaped thrombocyte (TH3). Bar = 10 pm.
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Table 1 The percent and size of blood cells in Euchiloglanis kishinouyei

SENF STy
# (%)
Differential
leucocyte
counts (DLC)

AN K1F (um) <R (pm)
Cell size: long diameter (jum) ><short

Bokoh: K42 (um) x HifE (um)
Nucleus size: long diameter (pm) <

diameter (jm) short diameter (pm)

2141 e Erythrocyte

(13.95 +0.71) % (12.58 +0.75)

(5.32 £0.68) = (4.31 +0.54)

I 20k

Granulocyte- |

IT 7Rk 4t i

(11.40 #0.99) % (10.35 +0.76)

(7.67 +0.98) x(4.43 +0.72)

9.64 +0.16 (11.04 +0.78) x(10.11 +0.70) (8.09 +0.68) x(4.14 +0.98)
Granulocyte Granulocyte- 11
TT128 4 2
A (10.96 %0.81) x(10.21 +0.76) (7.54 %0.99) < (4.50 +0.62)
Granulocyte-IIT
‘ i:j:ﬁﬁﬁ ooyt (8.01 %0.73) x(6.61 +0.78) (6.15 +0.71) % (4.60 +0.67)
ﬁﬁf:f?yte ) 2741 +1.31
AMHREALE (6.59 £0.42) = (5.77 0.61) (5.18 £0.51) = (4.37 +0.50)
Small lymphocyte
4
IfiL A4 4 e 37.06 +2.54 (5.54 £0.78) x(4.21 £0.71)
Thrombocyte
s
HRAN 25.89 +1.20 (12.20 %0.82) % (10.63 +0.80) (7.69 %0.83) x(5.14 +0.74)
Monocyte
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~1/2, MRz gepiissta, Mg, Hrh
Al LA LR, A WA — R (]
Im~o0),
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Fig. 2 The cytochemical characteristics of Euchiloglanis kishinouyei
a~d. AMFRE KRG (PAS); e~h. MYELATAEG (PO); i~n. FHFHE B 46 (SBB); o~p. AMEIHE (POX).
a MK (G-T0), KWEZNME (LL): b. T BRI (G-1); c MIAR4IM (G-IID, ZL4ifle (B); d. A4 (TH), Hix4ii
(MO); e KMkE4HML (LL), T ALK (G-1); f ALK (G-11); g. WA (MO, L4/ (ED; h. ALK (G-IID;
i A (MOD; . /NIKEAIRE (SL), L4 (ED; k. T BURANAE (G-1); L ITZDRANM (G-10D; m. MIAKANN (G-TID; n. K
WA (LL): o. T BURi4AAR (G-1): p. MMASK4HM (G-TID, ZL4iffe (ED. 43/ =10 pm.
a - b. Periodic acid-Schiff (PAS) staining; e - h. Phenoloxidas (PO) staining; i - n. Sudan Black B (SBB) staining; o - p.Peroxidase (POX)
staining.
a. Granulocyte- II (G-1I), large lymphocyte (LL); b. Granulocyte- I (G- 1 ); c. Granulocyte-III (G-III), erythrocyte (E); d. Thrombocyte (TH),
monocyte (MO); e. Large lymphocyte (LL), granulocyte- I (G-1); f. Granulocyte-11(G-1I); g. Monocyte (MO), erythrocyte (E); h.
Granulocyte-III (G-III); i. Monocyte (MO); j. Small lymphocyte (SL); erythrocyte (E); k. Granulocyte- I (G- 1); I. Granulocyte-II(G-11); m.
Granulocyte-III (G-III); n. Large lymphocyte (LL); 0. Granulocyte- I (G- I ); p. Granulocyte-III (G-III). Bar = 10 pm.

3 W 2T 240 M R i 2T 2 1 A I P AT A IS AR R )
BEo AHIFFUARIN, AT NCHRET 1. 20 M % H /b,

3.1 FANCE MR TEFRAFAE L 2L E & i m, D o] AR TR
IR AR Eh Y, LANMERDN, B RIS (Hoplias malabaricus) [ (2.05 %< 10%%)
HZ (FPEE% 2008, Zhang et al. 2011), AML (Rios et al. 2005). Z4{ittfi; (Corydoras
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Table 2 Cytochemical characteristics of different blood cells in Euchiloglanis kishinouyei
2141 i [ A0k 4H o 11280k 40 BRI ) LN ke il BRI
Erythrocyte  Granulocyte- 1 Granulocyte- 11 Granulocyte-III Lymphocyte ~ Thrombocyte Monocyte
ORI E P RIS N
Periodic - ++ ++ ++ ++ + +
acid-Schiff, PAS
[LiEER A
Phenoloxidas, - +++ +++ ++ + — ++
PO
BB
Sudan Black B, - ++ ++ ++ + — +++
SBB
U2, N L N N B N N

Peroxidase, POX

C=7 QAR bt JESRAURITE, 7 BeEBITERR: “+7 Q.

“—7 negative; “+++” strongly positive; “++” positive; “+” weakly positive.

paleatus) [ (1.90 +0.50) x 10" 4M/L (Cazenave
et al. 2005). L [K 3 A (Pelteobagrus vachelli)
ff) (1.35 £0.04) <102 AML (L% 2011) 45
A TR M. 21 8 1 % 708 (73.00 £5.57) g/L,
Fr TR R B R 48.9 g/L. 240 SR () (69.0
+1.90) g/L. FLIGE M (62.0+0.3) g/L;
T TCERS N i 40 A b 2T 4 g /g (13.95
0.71) pm x (12,58 +£0.75) pm, KT HA 8
i (Nibea japonica) ] (10.45 +1.59) pm x
(7.25 £0.89) pm (B FESE 2011) .
(Siniperca chuatsi) [1/(10.51 +0.89) m x=(8.14
+ 0.65) pm (FEALHCEE 1998 ) . K v fiff
(Leptobotia elongata) ) (10.56 £0.49) pm x
(8.13 £0.51) pm (FE/NMFEE 2012), /MR
Bk (Glyptosternum maculatum) ) (19.39 %
2.48)pm x(15.15 £1.9) pm(Zhang et al. 2011).
Wi W) B A TR BRAE iy IR IR B h AT BETE 1 T
FEAMAA MRS i A TCEE T R
ik
3.2 FAIRERHN R M4 kL i 22K

R RLAN L — o g R, g
PR 0 i R o kR RE 4 il 3 28 (Kondera
2011) . A1 %% & ik R Bl 5 0E MR ORL 40 MU
(heterophils) (Tavares-Dias et al. 2005), X

DA Y O T T S 2 4SO 1T O A
(eosinophilic-basophilic granules) . 7 1ML 41 il &
AR, SRR BRI A s ZU R RE B, BE
Ja S ARG PR AR B, v R 1 g v
P45 (4xWf 2005, Kondera 2011), iXJLFiki
g — M A R I A7 AE . TR A2 (CAcipenser
sinensis) (Gao et al. 2007) I -FAXAEAERE
PEORL 40 i R g R M R 4 i, S5F R A
(Schizothorax prenanti) (% 2011) 1k
TRE rh P ERLAE i, VR 4G (Hoplosternum
littorale) (Tavares-Dias et al. 2005) ¥ & g+
S VARt 1 VS 7 < O VAR R = ¢
(Maccullochella peelii peelii) (Shigdar et al.
2009) AN A HILIE B P AL 240 L R g R 4

AW I df fa 2 AT 8k (Zhang et al. 2011)
— 5, ANAFAE G R4 . Arévalo 45 (2003)
WA A WG TR 20 I A AR R ) e W R 4

Huttenhuis %% (2006) A& HL{EfEF (Cyprinus
carpio) H4HMM R E LR, wEE R4 i
EU S W8 PR 40 B R A 0 o S ML 0 Lt A
SERLAR S A B ARTIL,  )F5 2250 2 A
Flo A )2 RERLAN 0 B 422 50 Ry )RR 40 i
BRI P 2K (da Silva et al. 2011). M 7E 22
BE ik (Zhang et al. 2011) FRIHRLZN AR Ik 45 4
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Bl 5 e A% A ) e T L 1) L S AF A ) o
& ATP ME—RERRIE, oA BOR 2 i LU IR R0
M, AR AR L (it s Rt
HE, HEeAARIE RN AR e
(Ueda et al. 2001), iR gL (PAS)
TR R IR B B TE RSN A i
P By EoiE R o, B R 7 R G
(PAS) HFHME, X5FOREMA (Fang et al.
2014) FIKWyfifi (Leiocassis longirostris) (4l
S5 2011a) HOWTFTEATIR — 5. w40 TeEIR AR
MMusk, Hprgsa e B (SBB) Bl
SRR, RIS IR, U EA T Ak 4 i
JRERFE . M ag s = fEReERMN
A WK E SR CEENREE 20120 FR R £A
(Myxocyprinus asiaticus) (& Hi%F 2011b) [
Hal L TR B (SBB) 4t i 4 fiu iy
S, Kwiff (45 2011a). H M
(Ctenopharyngodon idellus) GE#542%% 1991)
JlE2E RAERAn o b B, Tirdsi£a (Shigdar et al.
2009) AULERLAN MO FTHE i i 3. By AEAL
filf (PO) AMVUZ 545 LK fra iy H A il
SRR B HEE ] (Johansson et al. 1996), A
TIFFE R IR AR 40 B 2 AT 11 40 M 38 5 A B A
AOIE, 1 ] Iy A A A TR A 4 i A 5 sk
FELER)— Rl . kIl (POXD BEIA A2
YRR B2 —, AL T B I A
e ok b ig i, BATREER (Shigdar et
al. 2009). A€k LAty (Megalobrama

pellegrini) GRXGIRZE 2011) AHFE], kL4 i
T L F AL (POX) . FBBEMR S
(1994) fi i ¥fn (41 & B i b it A e
fif (POX) [MkZ, 7 1] fig FL B 0 41 i
AR AR BRI ThRE, AR e ) T A2
JRAAIZ BN 22— o 1 i A TC ke = 3 4 fk
VIl (POX), HEBU AR 2RI AE S 2, Xl g
SN TYIMb AR R R 2 —

Z % X W

Arévalo M, Castellano J A. 2003.Word Aquaculture Society. Brazil:
Anais Salvador, 50

Cazenave J, Wunderlin D A, Hued A C, et al. 2005. Haematological
parameters in a neotropical fish, Corydoras paleatus (Jenyns,
1842) (Pisces, Callichthyidae), captured from pristine and
polluted water. Hydrobiologia, 537(1/3): 25-33.

Claver J A, Quaglia A | E. 2009. Comparative morphology,
development, and function of blood cells in nonmammalian
vertebrates. Journal of Exotic Pet Medicine, 18(2): 87-97.

da Silva W F, Egami M |, Santos A A, et al. 2011. Cytochemical,
immunocytochemical and ultrastructural observations on
leukocytes and thrombocytes of fat snook (Centropomus
parallelus). Fish & Shellfish Immunology, 31(4): 571-577.

Ellis A E. 1977. The leucocytes of fish: a review. Journal of Fish
Biology, 11(5): 453-491.

Fang J, Chen K, Cui H M, et al. 2014. Morphological and
cytochemical studies of peripheral blood cells of Schizothorax
prenanti. Anatomia, Histologia, Embryologia, 43(5): 386-394.

Gao Z X, Wang W M, Yang Y, et al. 2007. Morphological studies of
peripheral blood cells of the Chinese sturgeon, Acipenser
sinensis. Fish Physiology and Biochemistry, 33(3): 213-222.

Huttenhuis H B T, Taverne-Thiele A J, Grou C P O, et al. 2006.
Ontogeny of the common carp (Cyprinus carpio L.) innate
immune system. Developmental and Comparative Immunology,
30(6): 557-574.

Johansson M W, Salerh&l K. 1996. The prophenoloxidase activating
system and associated proteins in invertebrates. Progress in
Molecular and Subcellular Biology, 15(3): 46-66.

Kondera E. 2011. Haematopoiesis in the head kidney of common carp



* 930 -

2% Chinese Journal of Zoology 50 %

(Cyprinus carpio L.): a morphological study. Fish Physiology
and Biochemistry, 37(3): 355-362.

Rios F S, Oba E T, Fernandes M N, et al. 2005. Erythrocyte
senescence and haematological changes induced by starvation in

the neotropical fish tra¥a, Hoplias malabaricus (Characiformes,

Erythrinidae). Comparative Biochemistry and Physiology Part A:

Molecular and Integrative Physiology, 140(3): 281-287.

Shigdar S, Harford A, Ward A C. 2009. Cytochemical characterisation
of the leucocytes and thrombocytes from Murray cod
(Maccullochella peelii peelii, Mitchell). Fish and Shellfish
Immunology, 26(5): 731-736.

Tavares-Dias M, Barcellos J F M. 2005. Peripheral blood cells of the
armored catfish Hoplosternum littorale Hancock, 1828: a
morphological and cytochemical study. Brazilian Journal of
Medical and Biological Research, 22(4): 215-220.

Ueda I K, Egami M I, Sasso W S, et al. 2001. Cytochemical aspects
of the peripheral blood cells of Oreochromis (Tilapia) niloticus
(Linnaeus, 1758) (Cichlidae, Teleostei): part I . Brazilian
Journal of Veterinary Research and Animal Science, 38(6):
273-2717.

Zhang H J, Xie C X, Li D P, et al. 2011. Blood cells of a sisorid
catfish Glyptosternum maculatum (Siluriformes: Sisoridae), in
Tibetan Plateau. Fish Physiology and Biochemistry, 37(1):
169-176.

PR ks, 2000. SN, TERITE 4R, 19(3): 70-73.

EVEEE, ETIR. 2008, ffZEAh F A 20 40 M SUdt Jg . KA,
28(2): 1-3.

RGO, AR 1994, T WFIE. JRNE ML AN R L AR TR A R
SRR, KAL), 18(3): 240-246.

856, TG, (15T, 2004, HE A TCHE £ 28 1A A8 5
PRI BT, KRR 244, 28(3): 260-268.

BN, SRR, VIR, A% 2012, K MEGAN R I 40 1 ) B AE R
AN FRFALRTFE. DY )1304), 31(1): 59-63.

S, 2005, KWIEERIR R AL S A g A B YR
KA L.

S, FEKGE, SR, 2010a. KWl A0 A, TS A H
R AN AETTSE. VR R AR FARRIAR, 32(12): 79-85.

BUE, AR, BORK, 5. 2011b. JIANG A4 A0 1) A, I AS
M5 ANtk mse. KAEA Y%A, 35(3): 550-556.

Ui, B ohae, ke M, 5. 2010 LR B 38 6] B G B A
(Pelteobagrus vachelli) %€ il S 5% A 4 K L FR AR 1) 5%
W, RO, 32(14): 41-43.

FESCRK, AR, BRMESE, 4%, 2011, A TCBkAE YRR R AR
A, ki, 210 (6): 19-21.

VAR, ff#%. 2004, TEMRIL A4S 14 Ak b
o R AL

Wi, BIEEE, M, . 2011 FREHST 248 AN A0 A
Mgz, PU)13h4, 30(2): 202-206.

FALI, Kok 22, 1998, 8 Al A i 20 S AR Y A H R L 2.
IKAE AR, 22(1): 39-47.

SR, REE, TLNHE, 55 2000, HAC b 4o i 40 Sz 26 i 3
8. IR, 35(9): 1374-1383.

, VRRKRIL 1991, TSRl At S0 ] i 1 40 T A A 4n Ak
ST, AKAEY) AR, 15(2): 184-186.

B, FEACT, 4N, 4. 2011, JEEAUTAN R A0 I A R A Ak
SERHIERFIT. KD, 41(2): 36-42.

W, A, Wiz, 1999, HhEZW & ME s HEEHE.
Jemt: BEE AL

H

BE



