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AEBERESTE MY ERER RARNEL D
ZRR, GO, BEXR, FHN, mHE KEL

PURIRE ARk ror b ROKERTEIR S AR A T A F M E A LR, AR E R A E L= FEK 400715

FE: Sk 1 Rg 7 (Silurus meridionalis) 2l 78 1E # B AL T BEEHT(S0d) . #2564 h(S0d-64h) . YLK 16
d(S16d). DLk 32 d(S32d) LA K WLk IS T IR WK 52 BE 1 64 h (S16d-64h, S32d-64h) 7 1 45 < IR ZH 0 40 I A4 52 W A AiE 4%
TR, B e I T A5 FB L Fh AN B A — e R, o AT s fcoh 25 (P<0.05); H ARG A 1
RN M A B 2508/ (P<0.05), HF A Y 111 BB R AN i 3R i Bl 5 1 2 (P<0.05); MAlE B £, ZhVan il 225 s
¥y, S16d A S16d-64h ZH i iz FIH i Y | 220 450 B 25 /0 (P<0.05), 111 26 20 Ji 50 B 35 3 22 (P<0.05) . S32d
ZHAI S32d-64h ZH Tij 7 4% 2 1% 41 0 50k LA M 26 T 4 D S B AL S BH B (P>0.05); R 11 AR iR i S £
(P<0.05), IV U4 o i B 25 98/ (P<0.05); Uk R & 5 12 )5 I 4 S B R A I & B 2B A6 AN B ik (P>0.05) . BFR 3R
BH, Tyl 4 £ i T 785 T AN 9% 4 £ BN BH Gty LR I 1 DA R R A 1 I M L 76 VR AT UL 94 52 7 R AE 5 g T A% B Y

AP REATIE N, TR SR M I, i T B AR TG R AR AN RO B, TS RS AANAE, T RE R 2 N R TR

Bk Z (9 PRAP P E WAL

KEIFE: BTG YU AR, WBiE; e
hE S ES: S917 XHkbrEES: A

AN IE R Z W IR, AR SE JE )2 25 4t
ST UATH AR R AL B, RO AN AR Y 2 0 ()
el metn g Ak aE M, K SR a2
TR, W T8 VR A0 AR 43 0 O R W A T
5. BIRKOFIisi i, B kg R
WE B LA AR B AR,
AR IR I, S g . R ey 4=
KAME S DL A B ) R34 5 8 TR KB )
Sl 701 g 5 g 28 S )R K B R T 40 P Y
PRS2 e . BARE AN E IR X
KW AE AL EE W R i %, (AP K iE F
Y040 L 4 BF T A LT g ) fif (Silurus meri-
dionalis)/@ 52 H . 5%l . g, S ERKIL.
VLI KRR R a2, =i, IR IR 3E,
SEEE MR IR AT A YUK
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11 stmakHEE

SEIG AR SEE E N B TE A gy i 4
IR T LR MKIEM(L5 mx1.2 mx0.5 m)H 3
S H AT 1/~ H 2k 14k H (Caenorhabditis elegans)
PR S 2 A DL R U Bk (Misgurnus an-
guillicaudatus) A SeAE TR, bR 2 B SUS
9 E K, FERRBEE R, KRR T 7 mg /L,
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420 &

T P AR (2520.5)°C, SEE I E N 12L:12D,

FEK P A5 1R 4R 1 d IS, B R/ | fd R
T VR B Rty £ 2 B A i K o 2R A
BRI 25 (460 mm>270 mm)H dkEf 18 94k 10
do FEUCIATR], by T {8 52 56 A 35 R P 0 25 A% A
1, iR MARRE 3 d 1 1K 6%BW Rk
IS szt g B 7R AR 2 BT | Y SRR
pH {5 HI IR K JE A2 .
1.2 SRS

YL ALE S, 3BT AR S5 (DR
S SZEGET R A 2009 4 8—9 H, Pk E R
R RS B AR LT %, eSS 1
WHEE 3 d MK . X525 A [ T &
(85.841.7) g, 1A1:: (20.520.5) cm , n=12]#% M 6%
BW (8T R SRR, A3 7ES AT 0 h(x BRZH
SO0d) FIE £ 5 64 h(S0d-64h)HikE, H IR HELKFE 6 )&,
)V S B AU IS B K B B S0 S B0 B
[k 2010 4 10—12 H, kBRI R
kg L s Xt 5, EYMEIRE 1 KER)E
3 d FFIRPURSCEE, B 5256 fa [ 5 4 (86.542.0) g,
R (21.540.7) cm, n=36]HEATYLERALFE, HUREIT
[ ZEYLE 0 d(S0d). 16 d(S16d). 32 d(S32d).
YL 16 d Jo 9k 5 & 64 h(S16d-64h)., YLk 32 d
JE B £ 64 h(S32d-64h), 7EWLifk 16 d. 32 d
XPHLER AL BRZR EA T HORE, BRI BEMLICEE 6 J&, [H]
B IURE XS BRAT 6 J2; 7EVLAR 16 d . 32d B Pk A2 4k
B 64 h i, XHKE R E A THURE, AR EURE
6.
1.3 B E

e o Sk O TR AR B, BT I T
WA, SRS SE S R L S, B
ANJEAT Carnoy’s [HE WK HY EP & [E & 3~5 h, i
fralgat, YIRS 4 pm, B&TA ) R 21 T
AB-PAS 15, (AB 4t 5 pH 2.6)*, ki AB-PAS
e {45 X B AN EA 72325, Nikon80i i fik
WEAH R G4A 0, R Image pro plus 6.0 4k {4k fT
W T . PRUR FAU A A AN L B A R — )
R B 6~8 NAS[EITTH AL B 4 i 5 H 118
{8, 7ERF S LEF R BEAL I 1 B 2 21 25 06 B T

YRR ZL B 8L, FER AN MO SRR o A K (L
mm) &5 B H ) A A5
1.4 BIRLIBFGIT O

FH Excel 2003 ¥ i 47 S 5o £ 4 o HL 5
T SPSS Statistics 17.0 AT M. B
VA M5 H BT B D R Uy 2243 1T (One way  analy-
sis of variance, ANOVA), # & IM& H1E1E D55
S, MR /N 25 22 R (LSD) M T 2 F i it
A GIHE Y LB R ifE 25 (X £SD) KRR, B #
P:7KF-h P<0.05,

2 ZEREHW

21 BAth4EFEREARNS T
At 4 £ M7 T 7 T A B T 2R 2 AR
i 2 (8], b AN R RO B G A 2 a3
ARBLZ 25 B4 (R 1-3). Bl . Jaah
T4 43 AT % BE 43 3 R 28.7 /Nmm . 66.0 > /mm .
85.9 I~/mm, 7ERS ik ZfafiziEh, 4 PRI
WA . | B ZLf, AB BAME, PAS FHIE, &
R, S RN A 1 R R f5, AB FH
PE, PAS B, EmRMZEZ0E, MR TR AN A,
I R21 (5, AB FI PAS 25 FHYE, EE51 PAS
PHE R G 20, RS /05 AB FHME IR
PEREZ0E, A im T r R AL, 1V B R iR,
AB I PAS #o0 BHME, EE &4 AB BHM:AIERMESR,
2B, RIS DR PAS FHYER h R 28, K
TRERYERE AR . FT R P 0 785 T 20 L HE B A 1L
PLERL . 1 RURD IV Rl L | RUANARE /S, 403
R, MTRRZRZ, 250 Mm1EFE R SR E AL,
I A A A | RO, EZONERIR, (7 TRE)Z
H B2 R A R, BRIR . BRIRE AT, AL TR
JEE)ZE 12 IV RO AR A 1 VTR, AR AR
AR HOA R AN P AR BN B B, W s R A
W, T DLV A A LA T 43 b 1 =X 1l i s
AYINERTR . P AE I BB TR AN BB DL 1R
TSNV B 32, (800 | BI40 A, 40 M HED) S %5,
NS AR B, A AR 5 W sh e, mT I
SRR AT TR b R R R AR e 2
(K 1A-C),
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Tab.l Number of mucous cells in 1 mm epithelium in proximal intestinal segment of juvenile Silurus meridionalis
n=6; X £SD; cell/mm

45 I 74 26 11 75024 ffd 11750 241 f (R 20 e B

group type | type Il type Il type IV total number of mucous cells

sod 3.46440.080° 1.180=0.063% 4,97240.083%* 19.069+0.099* 28.685+4.849%
S0d-64h 2.37040.049° 0.66640.040% 5.35740.104° 12.43640.112° 20.82944.375°

Sl6d 7.828+40.132° 1.07940.038% 3.901+40.066° 22.54540.115° 35.24249.109°
S16d-64h 2.38140.055" 0.17340.013° 7.569+40.132° 20.06640.105° 30.18947.929%°

S32d 3.68140.016° 0.8410.040% 7.44340.147% 18.78040.151% 30.745+3.338%
S32d-64h 1.67820.490" 1.7880.068% 5.35740.072% 16.087+0.039% 24.91045.688™

TE: SOd YL 0 d Ab34H, S16d ML 16 d Ab3HZH, S32d YLk 32 d 4bH4H, S16d-64h F/RVLMEL 16 d FIRIZ IR 64 h AbHRL |
S32d-64h KRR 32 d JE IR E & 64 h A . R[] — 4 o i AN i) - BF T AR 7% 22 53 i 3 (P<0.05).
Note: SOd is the group starved for 0 d. S16d is the group starved for 16 d. S32d is the group starved for 32 d. S16d-64h is the group refed at

64 h after starvation for 16 d. S32d-64h is the group refed at 64 h after starvation for 32 d. The data shared with different superscripts in the
same array are significantly different(P<0.05).

R2 MAUMYNEPHREMUKEHELRPELUHGTABPBET L
Tab. 2 Number of mucous cells in 1 mm epithelium of middle intestinal segment of juvenile Silurus meridionalis
n=6; X £SD; cell/mm

2H 51 | %140 i 11 %140 ity 11 %4 4 fifg IV 7 41 fifg VB A4 L

group type | type Il type Il type IV total number of mucous cells

Sod 1.12240.015% 5.555+40.067% 8.26040.071% 51.02440.086° 65.961424.509°
S0d-64h 1.060+40.013% 0.318+0.009° 16.618+0.060° 39.13140.056%° 57.126+12.315°

S16d 2.12140.035° 10.32240.073° 3.869+40.069° 42.52540.041%° 58.836+18.098°
S16d-64h 0.1030.004° 5.08640.071%"° 9.72540.119% 44.79140.079° 59.705+16.925°

s32d 1.70640.030%" 0.90040.017" 12.08740.150% 45.555+40.148% 60.126422.052°
$32d-64h 0.31940.012° 10.88840.141% 12.48740.157% 39.164+40.113° 62.858426.273°

¥ S0d AP 0 d LA, S16d MYLHK 16 d AbFEZH, S32d HYLEL 32 d AbsH4H, S16d-64h FR/RVIUHK 16 d FIKEZHEE 64 h AL |
S32d-64h KRR 32 d JE IR E L& 64 h A4 . R[] — 4 o i AS ) - B AR 7R 22 53 2 3% (P<0.05).
Note: SOd is the group starved for 0 d. S16d is the group starved for 16 d. S32d is the group starved for 32 d. S16d-64h is the group refed at

64 h after starvation for 16 d. S32d-64h is the group refed at 64 h after starvation for 32 d. The data shared with different superscripts in the
same array are significantly different(P<0.05).

*3 MAMYERBEMNKEFE LR P ELUHMRAMOHETIL
Tab.3 Number of mucous cells in 1 mm epithelium of distal intestinal segment of juvenile Silurus meridionalis
n=6; X +SD; cell/mm

2H 5 | Y40 11 584 111 540 ffa IV B 41 08040 BB
group type | type Il type 11 type IV total number of mucous cells
sO 1.62840.035% 16.00940.098% 12.17940.026 55.437+0.087¢ 82.876439.965
s0-64h 0.8300.012% 5.26310.096" 7.42540.082% 44.470490.105° 58.405+28.928"
s16 0.14840.004° 30.32040.307¢ 3.7580.065" 58.98140.271° 93.207+17.236%
$16-64h 0.1080.003" 16.2890.147° 10.86140.102% 63.21240.103" 90.973+18.250%
$32 0.31520.006° 26.34340.303° 18.57740.113% 63.88140.217° 109.116436.027%
$32-64h 0.12120.003° 17.38840.158% 10.099+0.098% 74.04140.111° 101.315420.046%

T S0d PLHE 0 d AL, S16d KWL 16 d ALIR4, S32d YLk 32 d ALH4, S16d-64h F RYLMEL 16 d JEIRIZ IR 64 h AbFRL .
S32d-64h /R YL 32 d JFIRE & 64 h A4 . Frh [F]— 4 b (AW 7 B b 65 FeoR 2 57 i 3 (P<0.05).
Note: SOd is the group starved for 0 d. S16d is the group starved for 16 d. S32d is the group starved for 32 d. S16d-64h is the group refed for

64 h after starvation for 16 d. S32d-64h is the group refed for 64 h after starvation for 32 d. The data shared with different superscripts in the
same array are significantly different(P<0.05).
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A. SOd £ i I R R 244 /ifd; B. SOd 21 A AR 44 i, C. SOd 21 )5 A 26 244 ifd; D. SO0d-64h £H /5 i % R At i (377 S s HE s U 6 v A
ML), 1o T BIZEVE AN, T0: TT ZY5 R AN, TILTITR 260 40 TV TV ZY 25 VR 40 M.
Fig. 1 Histochemistry characters of the mucous cells in different segments of Silurus meridionalis intestine
A. Proximal intestinal segment of sOd group. Different types of mucous cells (arrow). B. Middle intestinal segment of sOd group.
Type | mucous cells (arrow). C. Distal intestinal segment of sOd group. D. Distal intestinal segment of s0d-64 h group. Vacuoles
mucous cells (arrow). I: Type | mucous cells; Il: Type Il mucous cells; 111 Type Il mucous cells; IV: Type IV mucous cells.

22 BE.NWBEUERINBEEXIREEEX T EHEL
% & B E R R A AR O 3 N

PR G Wi 4 B AN M B B TR, A b
TE S RE RS, R LA s rp R T DL B HE S B T
YL (K 1 D). YUk B B2 2540 T, Bk
Ui Mo 25 R, BRI . VUSRI E
B 64 h )5, HEFEZEWRE RS, H5
TR A 43 D B A RE % . AN TR) g B A5 ST et v 4
Mg GE T2 R gk 1-3 iR,

S0d-64h 411 SOd 41 2 [A] il i 5 2 U 6 v 41
JfL 5 25 S OR B @ (P>0.05), AR &2 45 & )5 Bk
21 i 55 55 5 25 990/ (P<0.05) . S16d ZH | 7544 g %
T4 S0d 20 ik 34 %2 (P<0.05), 1M 75 41 3 RhE 1 41
I K50 LA B 8 0 400 L A T 4 2 ) 2 BN R
(P>0.05), S16d-64h 2% S16d 41 | FI4H i
F /0 (P<0.05), T I T 4 it i B 25 8 22 (P<
0.05), {H¥Fn S0d 41447 B % 2 57+ (P>0.05), HL4x

TR B R85 AR A4 T 250 LA R R Y A R B e P AL
(1) 22 5N K o S32d 4 % IS T8 24 Jifd 250 0k R 266 Yk 40
B Sod 278 B AW i (P>0.05), S32d-64h 41
1 S32d 2 Z [H] LA Kz S32d-64h £ 1 SOd £ 2 [a] &
BRI R G - | OIS N O i A
(P>0.05), S32d ZH A1 S16d 21 | FUZH AL 111 Y
2 it 5o S R R AR I AR L R e, T 1 R4
8 /0 (P<0.05), 111 4 fifg @ = 1% £ (P<0.05)
(# 1),

1ER 7, S0d-64h £8 11 7Y 24 it B 45 S0d 41
52/ (P<0.05), 1 AU AU AR Bz, | A, IV %Y
Y B A A B AN B B E L Z R E R A K
PUR LA BV G B UK 52 18 B 0 20 At i s s
AR, HARERIGN A E AR AR, 2 i
RIS LA 3 S16d ARy | B4 i #icit & Sod 41
F i %, S16d-64h 41 | T4 i $ 4% S16d 41 %
Y (P<0.05), 11 U414 i 544 £(P<0.05)
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S32d ARy I B SOd 4 AT Fir a2,
S32d-64h 40 Il HUAHfE %R S32d 4B EH WL
(P<0.05), M IV BU4H A% i 980/ (P<0.05, #2).

BB 5 ra 4 6 VA A B B I 0
/b, Hirp S0d-64h 41 11 R4 %048 SOd 20 (2 2508
/1>(P<0.05), S16d £ F1 S32d £ A4 | FUZh I B 45
S0d 41 & 2 Ik /1> (P<0.05), S16d-64h £ F1 S16d 41~
6] LA e S32d-64h 411 S32d 40 22 [] it 4% 2 U b ik
A 25 RN VR A A B2 AN K (P>0.05, 5 3),

3 it

3.1 FMAEYEMER RS HHHE

£ 2T AL TE N [ 7 1) 280 0 A A 5 i A R
W Ak i X T B B O FLX Rl 25 5 5 AT
o B0 2 B RE I A T AP SEIA R, MR tE B
R, ) 2 T R P R VR A L 53 D Y R M R VR
P57 3 B o M AR AR R B ds L T EORRE )Rk
EEY . IMERE RN . P Ao AR
DL S A2 By 4 TR B AN [RIE PR YR RE )
BRI S A E O (S SEAMN W, 5EE
BRI AE  ) i AE B B E T AL g R £ AT v
PR 6V A 53 W0 %) v MR R ) IO R R R T
AU a e R AL B RE, B 5 b
VR BE R DT R A TH AR s, i ik DR 4 Joa 7 A
i Sy R AT 3 e, LA T AR S RE RO T
PP R RCTE T A R SR T T i — 2 2
TR VBRI R B /B, X B b s ok B R M 1S )
TR —E R P EF L TS pH A IIEE, M
[[ORZS7ak: S o0 O ok e =N 2 = 00 W ol )
f it gl £ S () i B ek 200 L )
MR T8, ATHERANELL | B (PR
SR AT IV T (D R R VR A L) Sy 3, 1 U
VO A BV i PR S B e, R i BRI R DL
), wTREE RS B A E, AT B
BISIRE . B RIS R A N 78 (s 4 286 Y 40 )
IV HI4iAE A 3, X 5 (Hypophthalmichthys mo-
litrix) . fi% (Silurus asotus) LA J # - fifi (Clarias
fuscus) 22, JEUIN AT RESL S 5 T AR %, 40
S IR G R, B R T B i S e ) I
AT 1R AR A o B il %)) T T

21 A B B0 I AR S e, X SR AR
i W EEE R —S T R TR R
2 it AR 0T BB AT B T 2 W pk i A1 03 A A
FEAHEH o
3.2 BRXEHEhL EFERRARARE

AR 222 I\ R B Y AN A 32 31 245 1 8 o i B
U BE G H A BN 42 I %, e LR A
Wi (3~5 d) P ] T HEAT GV A R 4y W B,
H FLBH A0 R A 4300355 Bhis 5 i A T 07 e 4,
5 4n B 38 A2 SRR 2 5 5 SRS, /N
B 20 i v 90% 1) ¥ ) 5 WT #E 30 min PN I
e, FEBRZSYIVER)S 30 min PN IR 4 L L
A TG Ml A BB R, T 45 W S8 X — i R E
AN TR I R E R P AR RS R, IR R
WHN R R4 e SRR 64 h 5, WA &AL
11 TR 240 A 5 AR AT — o R BE s, b i A
e ln R R Wb, Mg 1 B4 g
EW L, BEVNEE G kY g ia R an
L PRI AR 52 85 K B TH AL T AT, 7 B R R VRO T
B, AT T S b 9T o R I A A R B
WAL AT IR, P B B A f e . TR
T 38 R IG I b VR R 43 D R )
HACEE X SR TEAE . MY BB, &8
T 6 Y0 40 B 40 I 76 Sh HE B, R R TS T
TG ey 5 IH AL TS ST . TR AN AR A
(98 /0 T BB 2 T EOr s R (TR Z 2
WA O e HE =S, ok, WA T IN) .
A L gyt 4 g 3 RV A A A B B RO AR o
XSRS R 4 T8 25 R R
B8 A £ S I O — 25 AR — B, SR AT RE SR
HBE G I AT V5 S W 38 AN M, 1T i 3 2V 4
MU 25 5 52 B E R Y B 20
33 YUERMRIEEREBRNE 4 AiFE
Tk 4 P B B i

WFFE R, & IR s i T R AE K
R AN A . BRI R A S W B
M), 286 VA 4 BELAE — 52 3 PRl P VR R R 85 ] = AR5
W7 5 7 T AT AP TR Y, K R LA A 8 37
B = Y RE S| 3 8 20 M B e T, BT A
TH A T B8 A AR AAZ KT 1, A i 5k
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o1 AT BB R X SR B 2 A R A R AL
SR HAT /DRSS R TE 178 F7 % i T B A i A
PR 27T YURIE B 38 B B AN
WD, i H A BOR A B ARk, RAEMR A B
BT 5 1 BB I AN M A A AN TR R [l 7,
YUk 3 d JE XS I BT A % R LA R .
BN M A He B3 A B ARk, T BRI Y
FONHI B K FEARF ST, S16d-64h 4
HIz AT 4 1 20 A (rb P 4 ) A 1 R 4
6 (O w1 28 9 ) A A R g AR A, R B 1
AR —2 | TiiTAE S32d-64h 41 Hij 7 45 S R 4 i
AR AN B A B B A A K AR A, R A 1 A
20 0 (R PR 0 R 20 B ) D 1N TR 4 (v PR 1 2 R 4
JL) S R ENAR A o 3 /R s (] (S 16d) LI Wt I
W A4 % i B 0y £ i i BE A TP e A 2
AL R A P B ) T A R A ) T
Y, B A AR B P A B, B A
TEB Y BT AR M S B T A T A A4 v LA
T A v 28 AN LS R e R e = W I
K 1sF (] (S32l) (4 VL Mok 30 I PR A2 4 i, 4
BT T A Rl 2 2 ) 28 A B K B R AR T
TR B BRI . a4l £0 5 1 B T A i 5 B XL
WA B R NAK, B IE 5T ],
T B — 5 KV B 5 T TR 2 5 HEA3 /. 1 AN
A ML TAAZ s AR . gy ks 4 4 i 3 8 T
28 6 11 3 A IS I A T B EL I X 7 SR B = A A
PrpaE AL
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Changes in the number of intestinal mucous cells of juvenile southern
catfish Silurus meridionalis following feeding, starvation, and refeeding

LI Fengjie, ZENG Lingging, GE Shengdong, LI Xiuming, HUANG Xiaoming, ZHANG Yaoguang

Southwest University, School of Life Science, Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of
Education, Key Laboratory of Aquatic Science of Chongging, Chongging 400715, China

Abstract: We evaluated the effects of feeding, starvation, and re-feeding on the number of mucous cells in the
intestinal mucosa in juvenile southern catfish (Silurus meridionalis). The total number of mucous cells tended to
decrease throughout all intestinal segments in the S0d-64h group, but the decrease was only significant in the
proximal intestinal segment (P<0.05). The number of type Il cells decreased significantly in both the mid intestin-
al segment and the distal intestinal segment (P<0.05), whereas the number of type Il cells increased significantly
in the mid intestinal segment (P<0.05). Feeding induces secretion from the mucous cells, resulting in more mucous
in the intestinal lumen and vesicles of the mucous cells. There was no significant change in the total number of
mucous cells across all intestinal segments, but there were type-specific changes in the number of mucous cells.
There was a significant decrease in the number of type | cells and a significant increase in the number of type 1l
cells in the proximal and mid intestinal segments in both the 16 day starvation group and post-refeeding 64 hour
group. Conversely, there was an increase in the number of type Il cells and a decrease in type IV cells in the mid
intestinal segment in the 32 day starvation group and the postfeeding 64 hour group. There was no change in any
of the mucosal cell types in the distal intestinal segment following starvation and refeeding. Our results suggest
that feeding has an effect on the number of intestinal mucous cells in southern catfish. The segment specific regu-
lation of mucous cells is likely correlated to the differing functions of each segment. The regulation of different
types of mucous cells in both the proximal and mid intestinal segments may be a protective adaptation to low food
availability.
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