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Abstract: Development and distribution of mucous cells in digestive tract of larval and juvenile (0 - 50
day-old) Paramisgurnus dabryanus were observed and analyzed by histological sectioning and AB-PAS
histochemical staining. Three sections of digestive tract from larvae and juveniles were chosen. Ten visions
were randomly selected for measuring the number and size of mucous cells with Image-Pro Plus. All the
measured data were compared with one-way ANOVA using spss 19.0. The level of significant difference was
set at P < 0.05. The results indicated that there were four types of mucous cells ( I, II, III, IV) in digestive
tract of P. dabryanus (Fig. 1). Mucous cells initially appeared in buccopharyngeal cavity and esophagus at 4
day-old. At 5 day-old, mucous cells in buccopharyngeal cavity and esophagus were mainly II type, and their

shape was globular or capsular (Fig. 1a, b). At 8 day-old, mucous cells initially appeared in anterior and
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middle intestine, mainly in 1 and III types (Fig. 1c, d). The mucous cells in posterior intestine were mainly
IT type, and their shape was globular (Fig. 1e). There was a rapid increase in the number of mucous cells in
buccopharyngeal cavity and esophagus between 10 and 15 day-old (Table 1). At 15 day-old, mucous cells
were widespread in buccopharyngeal cavity and esophagus, and their shape was mainly rod or globular (Fig.
1f, g). The number of all types of mucous cells in intestine increased significantly between 15 and 20 day-old
(Table 1). Mucous cells were widespread in digestive tract after 20 day-old. The shape of most mucous cells
in anterior and middle intestine was rod-like or capsular, while that of mucous cells in posterior intestine was
globular or capsular at 20 day-old (Fig. 1h - j). With the growth of larvae, mucous cells in digestive tract
were mainly III and IV types. With larval and juvenile development, intestinal epithelial mucin PAS and AB
(pH 2.5 and 1.0) reactions were gradually increased, indicating the increase of acidic and neutral mucilage of
digestive tract secretion. The AB (pH 2.5 and 1.0) reaction strength of anterior intestine and posterior intestine
was higher than that of middle intestine (Table 2). Size of mucus cells in digestive tract was gradually
increased. Larvae mucus cells in esophagus were the largest in the same day-old, followed by those in
Buccopharyngeal cavity, and they were larger than mucous cells in the each part of intestine (Table 3). At5 -
15 day-old, secretion capability of mucus cells in esophagus was stronger than those in the other parts of
digestive tract (P < 0.05) (Fig. 2). Secretion capability of mucus cells in anterior intestine increased
significantly during 10 - 15 day-old (P < 0.05) (Fig. 2). After 15 day-old, secretion capability of mucus cells
in posterior intestine increased significantly. In 20 day-old, secretion capability of mucus cells in middle
intestine was weaker than in anterior and posterior intestine (P < 0.05) (Fig. 2). According to our results, the
sensitive periods of the development of larval and juvenile P. dabryanus were 5 - 10 day-old and 15 - 20
day-old, respectively. Digestive function gradually developed after 20 day-old. In order to improve survival
rate, it is necessary to strengthen larvae and juveniles daily feeding and management from 5 to 20 day-old.
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Fig. 1 Occurrence of mucous cells in digestive tract of Loach larvae and juveniles
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a. 5 day-old buccopharyngeal cavity; b. 5 day-old esophagus; c. 8 day-old anterior intestine; d. 8 day-old middle intestine; e. 8 day-old posterior

intestine; f. 15 day-old buccopharyngeal cavity; g. 15 day-old esophagus; h. 20 day-old anterior intestine; i. 20 day-old middle intestine; j. 20

day-old posterior intestine.
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Al. Anterior intestine; BC. Buccopharyngeal cavity; ES. Esophagus; MI. Middle intestine; PI; Posterior intestine; I . Type I mucous cell; II.

Type II mucous cell; III. Type III mucous cell; IV. Type IV mucous cell.
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Table 1 The density of mucous cells in different parts of digestive tract of Loach

AT Hi it 11128 R AL
Digestive tract parts Day-old Type | Type 1l Type Il Type IV Total

5 - 1.73 +0.34° - - 1.73 40.34
10 - 1.12 +0.21° 0.30 +0.04° 0.82 +0.12° 2.24 +0.12
T s 15 0.34 +0.06° 1.35 +0.19° 1.21 +0.25° 151 +0.31° 4.41 +0.29
Buccopharyngeal cavity 20 0.75 +0.23° 1.37 +0.15° 1.43 +0.32° 1.32 +0.11° 4.87 £0.45
30 0.95 +0.22° 1.09 +0.09° 1.11 +0.23° 1.97 +0.28° 5.12 +0.50
50 1.04 +0.26° 1.25 +0.212 1.61 +0.22° 2.45 +0.31° 6.35 +0.73
5 - 2.57 4+0.23° - - 2.57 +0.23
10 0.33 +0.05° 2.42 +0.51° 0.7 +0.12° 1.92 +0.24° 5.37 +0.89
frig 15 2.17 £0.21° 2.58 +0.41° 3.13+0.21° 3.87 +0.32° 11.75 +1.36
Esophagus 20 2.57 +0.28° 2.72 £0.29° 3.54 +0.42° 3.72+0.31° 12.55 +1.61
30 2.59 +0.29° 2.64 +0.21° 357 +0.51° 3.89 +0.43" 12.69 +2.36
50 2.69 +0.31° 2.93 +0.35" 3.83+0.32° 4.01 +0.54° 13.64 +1.79

5 _ _ _ _
10 0.42 +0.12° 0.66 +0.10° 0.12 +0.03° 0.62 +0.13° 1.78 +0.36
Hi 15 0.12 +0.05° 0.85 +0.14° 0.23 0.02° 0.94 +0.21° 2.24 +0.54
Anterior intestine 20 0.54 +0.15° 0.52 +0.12° 1.83 +0.29° 1.76 +0.34° 4.65 +0.81
30 0.66 =0.20° 0.41 +0.13° 2.12 +0.21° 2.08 +0.26° 5.27 +0.52
50 0.75 +0.16° 0.95 +0.23° 3.19 +0.59" 2.42 +0.48° 7.31+1.06

5 _ _ _ _
10 0.17 %0.04* 0.34 +0.11° 0.14 +0.02° 0.27 +0.12° 0.92 +0.17
Tl 15 0.25 +0.09° 0.31 +0.08° 0.32 0.21° 0.51 #+0.11° 1.39 +0.31
Middle intestine 20 0.57 +0.17° 0.61 +0.21° 0.85 +0.28" 1.09 +0.21° 3.12 +£0.43
30 0.41 +0.18° 0.75 +0.22° 0.87 +0.16" 1.20 £0.24° 3.23+0.85
50 0.54 +0.21° 0.93 +0.19° 1.02 +0.24° 1.43 +0.32° 3.92 +0.62
5 - 1.22 +0.212 - - 1.22 +0.21
10 - 0.97 +0.22° - 0.96 +0.27° 1.93 +0.23
=317 15 0.22 +0.10° 1.25 +0.25° 0.20 #0.10° 1.19 +0.34° 2.86 +0.36
Posterior intestine 20 0.31+0.12% 1.52 +0.31° 0.46 +0.14% 2.35+0.51° 4.64 £0.71
30 0.25 +0.09° 1.24 +0.28° 0.39 +0.13° 2.89 +0.42° 4.77 +0.68
50 0.27 +0.11° 1.73 +0.35° 0.31 #0.11° 3.52 +0.60° 5.82 +0.65

FHHE A 100 pm <100 pm HLEF A THECEI BRI B AP IME & ARVEZE; AT ORI TR B AR ) 22 R 2 (P <

0.05); KM “ -7 FRIRARKIBBANNL .

Values in the table are represented as Mean £SD of mucous cell number in 100 um %100 pum; The data with different superscripts in the

same row are significantly different (P < 0.05); “ - > notes mucous cell are not found.
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15 FIB& I, 11 b IV 2R 20 0040 i 4y Ao 2 i Wl 2
T HA S AN (P < 0.05), FiE/7#Efh
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JTIANIV B R BA M y A % e e v T T AT
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AV R F R AN, A g R a1
I E 40 (P <0.05). 20 HdJE, gl
TN i 2R 32 T e g CATIIRN IV ARy =, 40 A
R T 1A A4 (P <0.05). 15
FUSIE, 5 W T RIS 2 40 i o A 2 38 %
T ANV AR 4N (P < 0.05), 20 Hik 5,
TV 2R 200 400 R 1 AT 5 P S 3 v 1 At A Y
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Table 2 Mucin histochemistry reaction of digestive tract of Loach larvae and juveniles

s ) 1R Wi L7 el
Jrik Fli i : _ o
Buccopharyngeal Anterior Middle Posterior
Method Day-old . Esophagus . X . K . R
cavity intestine intestine intestine
* * - - -
LR R 7 * * - - -
Periodic 12 + ++ + + +
acid-Schiff, 15 ++ ++ ++ + +
PAS 20 ++ ++ ++ + +
30 ++ +++ ++ ++ ++
50 ++ +++ +++ ++ ++
1 - - - - -
4 . - -
R, 7 + - _
] )37
. 12 ++ + +
Alcian blue,
15 ++ ++ + +
AB (pH 2.5)
20 ++ ++ + + ++
30 ++ +++ ++ + ++
50 ++ +++ ++ + ++
. 7 + -
o] )37
i 12 ++ + +
Alcian blue,
15 ++ ++ + + ++
AB (pH 1.0)
20 ++ ++ + + ++
30 ++ +++ ++ + ++
50 ++ +++ ++ + ++
SNBREERG - BIME & 55+ AR+ 3R e+ BREL

The intensity of the reaction is expressed in grades: - . Negative; = Weak; +. Moderate; ++. Intense; +++. Very intense.
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(AB) (pH 2.5 F11.0) KN 2 FHME . fFHEfTE
12 ~ 20 HEIIE], &R R (AB) (pH
2.5 F11.0) SVaREm TR, £Wix
B S AT 32 R I (-SO4H) ATFR I (-COOH)
IR . BEEFREAAR, Wi b
PR AR R -2 K (PAS) LUK BT )BT i
(AB) (pH 2.5 F1 1.0) [ NIz, 21
THALTE P R R0 b P R 053 W AN TR RS A
H AT A G B A iE (AB) (pH 2.5 1 1.0)
SR ST
2.4 KRRV 84 A VH 408 B 4 K D
Y&l )

R fit 0 e K A 0 7 A1 T R 4 TR /N DL
* 3. BEEKREERISAFRHEAAERKRE, WL
TEFE AN AR BB AR K. AH A H A7 HE 1
WERA R, DR, H¥W KT

TG BERGR AN . ANTR] RS 8 B e 650 Ak i
PR A WA BE AR, T A A B AN M 1)
IYILEE LA L 2. BEAE HIRIK, WtkiE
- HR R AN M 2 s BE ) BT . 5 ~ 15 Hikg
WL, (Rl — H S B R A 53 W BE ) 5 T
A3 HABA#B (P <0.05), HWEERZ . 10 H
WIS, W5 5 R AR R PR 3 Wi e 0 ik Tk
W, 15 HE ST AR A1 oy whee % 10 H
WG BERE (P <0.05), 20 HIRI, J5/%
R0 sy he i 15 Hid Wt (P <
0.05). Hij W55 5 WA R i 4n i - Wk e 0 35 B2 v
Frhllp (P<0.05),

3 itie
3.1 REERIVE SRATHE M VAL B RV 40 P i 43
A58 BERE

R 30 S A R A L P A 25 5
FAFHEO PR GEWIE R, B TEA [FRR AT
BES AR o X5 A A B Fh R a0 e ) R
BRML (BFEIES 2012), EAFHEM K B 11,

R 3 KBER e SR AT A T AEA R AR KD (um)

Table 3 The sizes of mucous cells in different parts of digestive tract of Loach

ZFHB AN 2 Mucous cells

Bhits

Day-old CImR tritt il i S
] - . Middle I .
Buccopharyngeal cavity Esophagus Anterior intestine intestine Posterior intestine

5 £:4% Long diameter 6.13 +1.36 6.97 £1.60 N N 2.99 +0.28
#1% Short diameter 3.89 +1.32 453 +0.45 ~ ~ 1.61 +0.36

10 K:4% Long diameter 8.57 +1.89 11.61 +£2.93 5.18 +1.20 3.17+1.21 4.09 +1.60
#1% Short diameter 5.62 +£1.62 5.47 £1.57 3.14+0.21 1.84 +£0.53 2.34 £0.20

15 K:4% Long diameter 7.88 +1.32 11.83 £3.02 9.12 +2.34 5.15+1.19 553 +1.75
4% Short diameter 496 +1.31 5.54 +1.45 5.86 +1.33 3.91+0.24 3.60 +2.38

20 K:4% Long diameter 8.72 £2.31 9.77 £2.54 10.15 +1.54 5.68 +1.58 7.86 +2.34
4% Short diameter 522 +1.32 5.91+1.48 5.19 +1.89 4.05+1.56 5.75 +1.52

30 K:4% Long diameter 9.06 +1.43 9.28 £2.44 9.18 +2.80 5.75 £2.54 8.07 £2.15
5i4% Short diameter 519 +1.41 6.07 £1.29 4.79 +1.80 3.81+0.53 5.48 +1.72

50 K:4% Long diameter 11.83 £2.52 11.57 £1.17 12.32 £3.42 10.08 +2.75 9.38 £2.54
6.69 +1.45 6.64 +1.43 6.76 +1.40 5.60 +1.36 4.46 £1.27

%42 Short diameter

L« -7 RORKRRINFIANNL. - notes mucous cell are not found.
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3.5 [ #i# Anterior intestine
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3.0 + [__] i Posterior intestine
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FH 5 B Mucilage content (10* mm*/mm?)

" HE ") Buccopharyngeal cavity Ce

Cc Ce

BcjlBc Bc BoMn. Be dAc

25 30 50

[ Day-old

B2 KREEIERIEGESBERABHEFBRDESE CPAME = iz
Fig. 2 Mucilage content in different parts of digestive tract of Loach (Mean +SD)

M HE AT AN R ARTE RS 7hE, Fon S R i 25

NILMFE TS 2R B (P<0.05),

B3 (P<0.05), AN HEHHIEMFRAAFEA RN 78, &

Different superscripts (lower-case letters) indicate significant differences in mucilage content of the same part of digestive tract at different ages;

different superscripts (capital letters) indicate significant differences in mucilage content in different parts of digestive tract at the same age, P <

0.05.

MW BEHBEEEN IR RA R, X560
(Cyprinus carpio) Vi A48 & 40 il 53 A s 8
L (Sibbing et al. 1984). XA g/ TG0 H M
5, MR A BT, KRR
VIR g SR AL A, IR CERASE
1999). BHAEAFHEF IR E , RV 40 M2 97 Eh
—RRA AR, X5 2 5 R R A
R EZAL (Sibbing et al. 1984, % [E 4% 2001,
Tr&RIEE 2007).
3.2 KGRIRHMTHANIERBARET
KEEREIE LT K2 a2k, IR JETH
A B3z et ARGV A0 M1k TR - (e )
452001, ZEFEMLE 2012, KFLIAE 2013, 9k
APAE 201400 4 LA AR £ A I 4 (R TT
RFRAN, S1r@aIF D3 &k N NS FRY
B— 8. %A% (1999 ) X H M

(Ctenopharyngodon idellus) 571, 1M
1 = IR T R ) AN e 0T B 4y 31 Ve
YERE, 1 Hoa] Lsd ik 2684 b HAT Pups A
BRAE FH R 7K f B BT 46 3 R Ak A= A 15 H
WS 1l rp R o b B 5 22, RIAFA0
X E ISR RE 119 (Murray et al. 1994).
CCTELEAT BT 03 BT B PRk Rt e, >l
PSS (2002) WA I R TE 3 W R PE R
TR X YR DL HTE VER . 10 Hig &
T SRR AN T 4R W K, 15 Hild A
IE SRR M A B B2 S), e Sy
WK B PRI R M R R IS R T 2 R
a2, R EE RS ST IE L RE

(Grau et al. 1992, Murray et al. 1994, %
22007, FKAEHESE 2009, FkENESE 2014).,

5 108 YU ) SRR FRIEAR SCHE AL, i
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AU B B R AR, SR T
RIRER AN, SR E A eSS . BEE AT
HMEfa et NAMNIEPEE TR B, il R 40 i
B EWIE 2 . 10 HERH, i & 2935 40 i
BICHIL, (R RN, X5 By HEfa
R DI REIE TF AT EH T A . 15 ~20 H
W, WE R e R R AN, iE AT
ReZ M om. MRS, Al 1A
MR E R 2, HAr ) R E A
W saT LR R AL A, R WA D) he
(Reifel et al. 1979) . " ERE A ot 5 5 HE Mg D7
TR AR ¢ (Murray et al. 19960, A %6
VA 5T 5 02 B i T 6T 07 1 U AR i e
BTG R . 20 Il J5 A5 20 R VR A0 I 1 DL R
WY YT RS, R AN M A Rk
o KA R e SR THE I A D) B T 5835
LYk (McMahon et al. 1987) AEA73RES
FABL, KR e 2 — PP R N B il
B EIR RE S, XISCARSE (2004) WEAT
FW], Ve 5 AT PR ) 2 P
WEFCRIN, Kt R SR AEf0 70 e B kb f
Sl B TRV BSR40 i, R R A ot
WEZ TR . XSk AE (2014)
X e SRR AR BRI T 45 RN 0 IR fi Sk
fift (Lepidocephalichthys guntea) (Moitra et al.
1989) Fl KMk s (Misgurnus mizolepis) (Park
etal. 2001) FIBFFTAIN, Foil o i K
PR AL RE VA 5T (1) g L il ) WP R AH O
75 10 ~ 20 HE ], T1RIIV AR5 40 i k2 44
hn, RWIZIN R AT R A IS W T O D
(1Y INF B o Y SR RE Y00 R 11 e Bt AT AR it (i
APAE 2014) . 5 i FLUAH B PR D RE K 2R
2L (Moitra et al. 1989, Park et al. 2001, 2003),
RSk S e 8 5 23 W TR RR 1k R VL) oA 4 2
DA AL ) B P et PRodiFl A4, fREE B
B DRI o RIS A AP b R AT
AR T RS E IR PR RS, X K2 A
Aty B WP R D R (1) £8P I 8 ) LA R AR
(Moitra et al. 1989, Park etal. 2001, Podkowa

etal. 2002).
3.3 KSR Ve ST HE S RITR b B R

R fige 0 e S 7 AR e B S 2t A, i
HRE W KA TR RN SMETR A 2K o
A E R a2 YR T HIESH 8421,
PR AR R E R PR, I R A
MEf B B DhRELL B SE AR B, A
HE USRI 2 — (it aF 2008) . Kk
e R G B, ARSI HERAE T
WEE A R, T O i B B B Ak T DR Bt 1 e Bk - e £
THAE R B AR AL 5, — 7T,
5 ~ 10 Hw&IIa], e o547 A £ 25 40 i
NITFE RS, HAEN R R > R —
AR I199, FHAX SN E 2 0N A
Wk 2] S AR AR 3K ] e Rk e S A1 A
AEAET R W ER 2 — 55— 51, 15~20 H
W SITR], ROk Y SR E A £l VIR D e R K
Hoo, JFmRIEFRY) TR, W]
AE B S B T E R R R, 2
R 2P, ok AT A
Tt v 5 B 1 2 T A WO PR 3 1 3 PR DL A
K, [RIN R B ORI i Ay £ R A R
B DA T2 ey Ve ety
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