
  2013 1 , 20(1): 7581 

Journal of Fishery Sciences of China    研究论文 

                                  

收稿日期: 20120116; 修订日期: 20120416. 

基金项目: 973 (2010CB134400). 

作者简介: (1985), , , . E-mail: jj2wo@126.com 

通信作者: , . E-mail: zhangyg@swu.edu.cn 

 

DOI: 10.3724/SP.J.1118.2013.00075 

 

李凤杰, 曾令清, 葛胜东, 李秀明, 黄小铭, 张耀光 

  ;   400715 

摘要: (Silurus meridionalis) (S0d) 64 h(S0d-64h) 16 

d(S16d) 32 d(S32d) 64 h (S16d-64h, S32d-64h)

, , (P<0.05); II

(P<0.05), III (P<0.05); , 

S16d S16d-64h I (P<0.05), III (P<0.05) S32d

S32d-64h (P>0.05); II

(P<0.05), IV (P<0.05); (P>0.05)

, ; 

; , , , 

 

: ; ; ; ;    

中图分类号: S917      文献标志码: A           文章编号: 10058737(2013)01007507 

, 

, 

[1]

, 

[2−4]

, 

 [2, 4−5]
, 

, 

[6−11]
(Silurus meri-

dionalis) , 

, , , 

[12]
,  

, 

, 

, 

, 

  

1    

1.1     

, 

(1.5 m×1.2 m×0.5 m) 3

1 (Caenorhabditis elegans)

, 2 (Misgurnus an-

guillicaudatus) , 

, , 7 mg /L,  



76  20  

 

(25±0.5)℃, 12L12׃D   

1 d , 

(¢60 mm×270 mm) 10 

d , 

, 3 d 1 6%BW

[13]

pH  

1.2     

, : (1)

: 2009 8—9 , 

, 1

3 d [  

(85.8±1.7) g, : (20.5±0.5) cm , n=12] 6% 

BW , 0 h(

S0d) 64 h(S0d-64h) , 6

(2) : 

2010 10—12 , 

, 1

3 d , [ (86.5±2.0) g, 

(21.5±0.7) cm, n=36] , 

0 d(S0d) 16 d(S16d) 32 d(S32d)

16 d 64 h(S16d-64h) 32 d

64 h(S32d-64h) 16 d 32 d

, 6 , 

6 ; 16 d 32d

64 h , , 

6   

1.3      

, 

, , 

Carnoy’s EP 3~5 h, 

, 4 µm

AB-PAS (AB pH 2.6)
[14]

, AB-PAS

[9]
, Nikon80i

, Image pro plus 6.0

6~8

, 

, (1 

mm)   

1.4     

Excel 2003 , 

SPSS Statistics 17.0

(One way analy-

sis of variance, ANOVA), 

, (LSD)

± ( x SD) , 

P<0.05  

2   

2.1     

, , 

( 1−3)

28.7 /mm 66.0 /mm

85.9 /mm , 4

I , AB , PAS , 

, ; II , AB

, PAS , , ; 

III , AB PAS , PAS

, AB

, ; IV , 

AB PAS , AB

, PAS , 

, 

I III IV I , 

, , ; 

II I , , 

; III , , 

; IV III , 

; , 

, 

II

III IV , I , , 

, , 

 

( 1 A−C)   



1  :  77 

 

表 1  南方鲇幼鱼前肠单位长度黏膜上皮中各类型黏液细胞的数量变化  

Tab.1  Number of mucous cells in 1 mm epithelium in proximal intestinal segment of juvenile Silurus meridionalis 

n=6; x SD; cell/mm  

 

group 

I  

type I 

II  

type II 

III  

type III 

IV  

type IV 

 

total number of mucous cells 

S0d 3.464±0.080b 1.180±0.063a 4.972±0.083ab 19.069±0.099a 28.685±4.849ab 

S0d-64h 2.370±0.049b 0.666±0.040ab 5.357±0.104a 12.436±0.112a 20.829±4.375c 

S16d 7.828±0.132a 1.079±0.038ab 3.901±0.066b 22.545±0.115a 35.242±9.109a 

S16d-64h 2.381±0.055b 0.173±0.013b 7.569±0.132a 20.066±0.105a 30.189±7.929ab 

S32d 3.681±0.016b 0.841±0.040ab 7.443±0.147a 18.780±0.151a 30.745±3.338ab 

S32d-64h 1.678±0.490b 1.788±0.068a 5.357±0.072ab 16.087±0.039a 24.910±5.688bc 

: S0d 0 d , S16d 16 d , S32d 32 d , S16d-64h 16 d 64 h

S32d-64h 32 d 64 h . (P<0.05). 

Note: S0d 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). 

 

表 2  南方鲇幼鱼中肠单位长度黏膜上皮中各类型黏液细胞的数量变化  

Tab. 2  Number of mucous cells in 1 mm epithelium of middle intestinal segment of juvenile Silurus meridionalis 

n=6; x SD; cell/mm 

 

group 

I  

type I 

II  

type II 

III  

type III 

IV  

type IV 

 

total number of mucous cells 

S0d 1.122±0.015ab 5.555±0.067ab 8.260±0.071bc 51.024±0.086a 65.961±24.509a 

S0d-64h 1.060±0.013ab 0.318±0.009c 16.618±0.060a 39.131±0.056ab 57.126±12.315a 

S16d 2.121±0.035a 10.322±0.073a 3.869±0.069c 42.525±0.041ab 58.836±18.098a 

S16d-64h 0.103±0.004b 5.086±0.071abc 9.725±0.119ab 44.791±0.079a 59.705±16.925a 

S32d 1.706±0.030ab 0.900±0.017bc 12.087±0.150ab 45.555±0.148a 60.126±22.052a 

S32d-64h 0.319±0.012b 10.888±0.141a 12.487±0.157ab 39.164±0.113b 62.858±26.273a 

: S0d 0 d , S16d 16 d , S32d 32 d , S16d-64h 16 d 64 h

S32d-64h 32 d 64 h . (P<0.05). 

Note: S0d 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). 

 

表 3  南方鲇幼鱼后肠单位长度黏膜上皮中各类型黏液细胞的数量变化   

Tab. 3  Number of mucous cells in 1 mm epithelium of distal intestinal segment of juvenile Silurus meridionalis 

n=6; x SD; cell/mm 

 

group 

I  

type I 

II  

type II 

III  

type III 

IV  

type IV 

 

total number of mucous cells 

s0 1.628±0.035a 16.009±0.098a 12.179±0.026ab 55.437±0.087a 82.876±39.965ab 

s0-64h 0.830±0.012ab 5.263±0.096b 7.425±0.082ab 44.470±0.105a 58.405±28.928b 

s16 0.148±0.004b 30.320±0.307a 3.758±0.065b 58.981±0.271a 93.207±17.236ab 

s16-64h 0.108±0.003b 16.289±0.147a 10.861±0.102ab 63.212±0.103a 90.973±18.250ab 

s32 0.315±0.006b 26.343±0.303a 18.577±0.113a 63.881±0.217a 109.116±36.027a 

s32-64h 0.121±0.003b 17.388±0.158a 10.099±0.098ab 74.041±0.111a 101.315±20.046a 

: S0d 0 d , S16d 16 d , S32d 32 d , S16d-64h 16 d 64 h

S32d-64h 32 d 64 h . (P<0.05). 

Note: S0d 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. S0d ; B. S0d ; C. S0d ; D. S0d-64h (

).Ⅰ:Ⅰ ; Ⅱ: Ⅱ ; Ⅲ:Ⅲ ; Ⅳ:Ⅳ . 

Fig. 1  Histochemistry characters of the mucous cells in different segments of Silurus meridionalis intestine 

A. Proximal intestinal segment of s0d group. Different types of mucous cells (arrow). B. Middle intestinal segment of s0d group. 

Type I mucous cells (arrow). C. Distal intestinal segment of s0d group. D. Distal intestinal segment of s0d-64 h group. Vacuoles 

mucous cells (arrow). I: Type I mucous cells; II: Type II mucous cells; III: Type III mucous cells; IV: Type IV mucous cells. 
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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 Lingqing, 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 Chongqing, Chongqing 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 II cells decreased significantly in both the mid intestin-

al segment and the distal intestinal segment (P<0.05), whereas the number of type III 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 I cells and a significant increase in the number of type III 

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 II 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 reg u-

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. 

Key words: Silurus meridionalis; starvation; refeeding; intestine; mucous cell 
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