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Tab.1 Characters of digestive system of

S. caldwelli (n=51)
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Fig.1 Relationship between the total length and intestine
length of S. caldwelli
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(46.66£2.20) 4>, i i 14 2 B RY 48 = B B R,
(883.194115.36) pm. EE B F N2 FH L2
JE R B KL 430 R (223.27465.27) pum FI(147.08 &
18.24) pm LT 1A f /N, 4390 2 (62.924215.00) pum
(46.154+5.13) pm, BIHEMNINZEE &K, N
(76.49 £ 15.81) pm, J5 B & /I, R (31.09 £
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5.08) pm, Wi 3K B 2R B & K. B (8.40 £
0.88) pm, /N, J(2.7940.29) pm, i A
oI5 M 1 6 P A 8 S | R AR = B ORI T 2 R
FEA W 225 (P<<0.01), i % B i A LZ A
WHLZE A e 3 22 5 (P <<0.01) ; 1M K5 I F )2

To 225 AR 40 BE T oK, (64,25 &
11.32) pm, 5 502 5 B 3% (P <<0.05), IR
a ML R RS o K, BE S (844.07 £
224940 /mm” B MEM B EEZS . MEMS
A R 2% 5 (P<<0.05),
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Tab.2 Morphological indices of the S. caldwelli digestive tract (n=20)

B =il i L7 57 jiinn|
RIS A /A 21.021.168 46.66+2.20° 35.584+1.65¢ 34.7242.73¢ 29.524+2.48¢
B RE A /pm 417.594319.96¢ 883.19+115.36¢ 490.68+49.65¢ 568.62+160.53¢ 380.27+50.66¢
B TZIEE /pm  223.27465.27° 89.06+£22.26¢ 82.34422.45¢ 82.06+24.88¢ 62.92415.00°
WLZ R/ pm 147.08+18.24¢ 119.24+38.24¢ 97.98+15.85¢ 47.77410.54¢ 46.15+5.13¢
PHUZEEE / pm 76.49415.81¢ 51.354-7.08¢ 35.49+6.66° 31.0945.088 51.14410.90¢
W R/ pm 6.69+1.05¢ 8.40+0.88" 2.79+0.29¢ 3.08+0.74¢ 6.79+0.76¢
AR /A » mm™? - 775.634140.90* 640.814153.97" 844.074224,92° -
HR 20 55 B/ pm - 64.254+11.32¢ 35.3349.27" 32.6946.95" -

TE < [RAT AR R 5% R 35 327 20 0] 22 52 AN 35 (P>>0.05) 5 S REAR AR #m 22 5 i 3 (P<C0.05) 5 BRI 3 38 7m 28 S i 3% (P <<0.0D).,

Note: The same superscript in the same row indicates no significant difference (P >>0.05); Values with neighboring superscripts in the

same row indicate significant difference (P <C0.05); Values with apart superscripts in the same row indicate extremely significant difference

(P<C0.01).
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AR K FE— L DX IR R 1 R 1) Js T HE O B
8 R 2 MR IR IR AR (B T -0 . K2
AN AT 4r o 3 2 CEIRR T -d) » 224 A ik 3
G 2~ 4 )2 V40 K 5 22 R ) 1 20 S AR bR A
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AR 1 2 VR S D 240 L TR A LR 22 10 A i 5
AB-PAS Bt Yy b w] ULk HE 5 L BB RS W 4N i
CIUAD , S B Y S BR AL, N A 6 11 43 W 400 5 7
— BB X g A K PAS FHPERS ARG C T 5D, 6
A mer g a I AD LK 586 CIVED R W 40 i 43 1
I CEIRR | -g) . HEIRIZH 1~2 2B AR 40 M
IR, RME LR R A B, 32 i g TR A B
W2 2 A SR R, A ) b R 5RTE UL Sk L S
DR, R S AETE R, LT DB AIR T 3R 2 A Ak 4t i
(AR T-0, P71 R~F (120,53 £ 20.45) pm X
(40.92+£5.02) pm, FhME N JZE 32 B o AL 45 46 4l
AUH RN, (311,46 £61.71) pm, Mallory = €87k 44
S I ANUZ S LU IR (B T -0 s DLZAR
Kk, EE RSO, JEFE R (3.4754£0.96) mm,
2.3.2 f HEERJE,H 16~23 MYT R
B, AR RS R AR S L TE R A — LB X
—RIGEM ISR Z A EERE(ER -, &

T PR R R EALZE UL 2 R R Z A R
AR (417.59+319.96) pm, ZHIE iz th &2 )2 b
P BB I 2 TR) A R i AR AR 4 B R/ (22,22 +
1.87) pm X (11.7241.28) pm, F1 5 ¥ 43 W6 40 0 15
— B [X 4o I AR R A A (R RR-D 5 Sk B B P oA b
SRR S5 M (B T -3) 5 45 %8 00 1 w7 DL i 28 50 40
L %) 5 A 55 AR 200 L SR R A i Y R RS R O L 4 TR
L0 U3 Bl 5 3G B0 B 22 ) Ok 4 WA AN B, 2B 4y
A7 TR B b B R )25 £ T R AR 0 T DA R R AR
R X T B A SR & (R -2 . 3l i
AB-PAS i A nT LA R BL, 38 L &A1
RV A i 22 2 IR Rl R, 22220 11 BRIV 2, 3L
YO A, T A > CER AR 1L -b) . A B A 2
S L B R 2 ST T NGNS IR R IL , A L
WL, B (223.27465.27) pm, H Mallory = 3 Jx
W L 1 P 235 448 202U A JILJZ 58 2R AR CERT R T -
o). WUZIR &3k, HMZ h GALAL . 9 2 e 3R L4
B R4 ) R (76,49 £ 15.81) pm Fl (147, 08 +
18.24) pm; PR M FEL WL, WAMILZ 8531 A &
KA BEEH A L YR N R IB B e A KA s B R
UL 408 A7 32 By B R LT 2 0 5] AR 45
BRI - o 5 B8 )23 Hy — 2 et~ 1) T Bz 4 i 26
IR (6.6941.05) pm, EHEFBEAESRBESZ
AT 9 3 0 R AR 2 2, H b & BB Brockmann
M CE R -e) .
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OB L, R L (883,194 115.36) pm., J3
B CERR -0, W b B 26 158 4588 3 BT B 15
(BRI -g) » 75 (490,68 +49.65) pm, )5 Bt K
R I L HES AR SR B e g £ 8
CEEZR /NSO 2NN IR NS Ve QL Tl | =1
(568.62+160.53) pm, =3 A7 BE 4 2145 Fy K5
AEARL, TC I B 2 /. GRS b p 2 B Wy AR g B 2
290 L LA R 200 A R A PR A0 A% 2 A RO A T 4
JHL v T S i S v 1 SR % W) L L LS B Bk &
SR BE 4 ) R (3099 4+ 0.61) pm. (3.56 &
0.62) pm (3. 0240.81) pern s HE AR 40 755 5 4K Uk 5
WL AE R /NS R (14,48 +1.04) pm X (5. 68 +
0.58) pm,(14.6241.73) pum X (5.0540.56) pm,
(12.3241.82) pum X (4.16+0.46) pm, B [ K
FALR 4 B A5 UL A PR IR 20 M L A AR N AR
TR ML A HUE G4 BB (0 F ARAR 41 i 3 b 28 Y (&1 i
-0 AT B R 4 fa st ikl h e 2 A g s
B/l IHTAE S 43 914 (775,63 42 140.90) 4~/ mm? .
( 640.81 =+ 153.97 ) A/mm’., ( 844.07 +
224924 /mm” , #R4R 40 ML K /N 43 5 Dl (23,55 +
2.86) pm X (8.4842.01) pm,(22.07+2.36) pm X
(9.0241.74) pm, (24.06 +2.22) pm X (10. 60 &
1.90) pm,H¥H 2~3 PRI ESE - RIIALR
(R -, it AB-PAS Ze(n,, o] LA EEE] 4 Fh
AN TR SR A W 43 6 240 ML T A b i R 1A
AU AL R T -k, DS 22 1 RURT IV 2 R i
I-m). MLAZEEE, AILZ T2 THNZE. 5
PNUZ AT TBNFE L WLCERR 1T -n)

2.3.4 JLIT  RLTTJ2 0 28T Ah T8 1 A oK o » 266 5 48
ol AR R A K IR -2, 4 48 0 (29. 52 +
2. 48)4 T (380.27+50.66) pm, ZEMEZE FEhAE
R R PR 200 B R A B AR B /D I T 1 R
Y053 AR T b B SR CERIR I-b) o Btk 40 i
26.81 £ 2.40 pm. AR 40 B % ik (554,97 +
185.68) 4 /mm” . K/N A (18.92+2.65) pm X (9.63
+1.62) pm, S A FF W IRV A Z5 04000, N
(3 070.51£258.26)4~/mm*, ZhE T Z/E(62.92+
15.00) pm, FPLZIE (46.15+5.13) pm . P HLE HTE
9L, B (51,14 £ 10.90) pm, 3 R (6.79 £+
0.76) pm,

2.3.5  FFREFFME R A AR A BN W] R
NI JHE 200 R FROIR S DA S i A s S SR HE
G o 4% 43 SRH L B DR T IR A JIF I 5 R 3 ik
A 8 LB TR A9 A 5 EC A (IR T -0) o 7 — 8t

h ol i L

a: A 1] s b 0 0 T Al AR B 1 s e 1A RS DD (HLED
d: DA RS Y] (HLED e HWA RS D) (B0 R Mallory = 3%) 5 f: I
JE IR A8 AL b e RS CHLE) 5 g 100 W T B 010 705 oKl Y0 48 i C AB-
PAS) ;h: B B YR 0% #: (HLE) 5 1 BB M) (H.E) 5. & 38 B
VIR (H.E)

OE: &8 ; FG /il HG . 5 s MG s L I E: B 125 LP:
[ AT 55 SL BB R JZ 5 MSCe. B 980 20 I 40 0 5 GC: AR 48 Jifg s SB: 42
MRk« A B AERE 3% 25 TB RS ; Mu: B85 L; P BEIR; G MR AR
IR - o | W TR 1 o | W T o A T
AN

BRI REEURGBIRARAFUE

a: S.caldwelli anatomy;b: The back view of digestive systerm
of S.caldwelli;c: Oropharyngeal cavity crosscut(H.E) ;d: Oropha-
ryngeal cavity crosscut (H. E); e: Oropharyngeal cavity crosscut
(Modified Mallory trichromatic method) ; f: Oropharyngeal cavity
crosscut showing epidermal keratinocytes and taste bud (H.E); g:
Oropharyngeal cavity crosscut showing the mucus secreting cell(AB-
PAS );h: Oesophagus crosscut(H.E) ;i: Oesophagus crosscut (H.
E);j: Oesophagus crosscut(H.E).

OE: oesophagus; FG: foregut; HG: hindgut; MG: mingut; L.
liver; E: epithelium; LP: lamina propria;SL: submucosa; MSC: mu-
cus secreting cell; GC: goblet cell; SB: brush border; * ; The con-
nection of mucosal folds; TB: taste bud; Mu: musculi skeleti; P
panceas; G: gland; | :type I mucous cell; [ : type Il mucous cell;
I: type Il mucous cell; IV: type IV mucous cell.

Plate ] Anatomical and histologic observation of

digestive system in S. caldwelli

DX A 40 ML PAS Yo 52 PR Ry B4 R . i
S S5 H AT D /AN e [ L Sl kR RN /) i ] IH A5 A5 2
FCER L -d) . 20 i HE 51 5 % L 122 2 AR JE sl P 15
JE, HA2(10.9141.66) pm, 40 5T =F &, 240 i 4% [/
T 8% B B . F4% (5.67 +0.65) pm, {57 T 40 Jfd H o
B T M 5 7E — S5 T DK o A DX A AR
VIRTR N || I ¢ B i A R - 9 7
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ST bk 070 A1 B S8 K 2 BRI 0 AL HLE B
ERTR 3 U R A 2 M9 A DT L
AR BRI R AR AR -

P B SR || CAEiE

200um

1! 3 %‘ m EP n

a: B TH A V) 7R Bl 200, 0RE 4 00 20 ML L 204k 2% CAB-PAS-H ) ;b
£ B ) R V4B I (AB-PAS ) . B3 B V)R B L (2 R Mal-
lory =3 ;d: IEB VIR B8 ILLF 4 (H.E) ;e &I 8 VIR /NME
(AB-PAS-H ) :f: Wi 8 Y (H.E )5 g AV (H.E) s h: J5 B A )
(AB-PAS-HD ;i: Bl U1 7% 3 FhARAR 40 ML CAB-PAS) 5 i 3 B Y 7
G ORI (H.ED 5 k. BT B U075 5 W40 B CAB-PAS) ;1. i i
U1 7% R W2 B CHLED 5 m: 5 8 U073 R W40 Bl CAB-PAS-HD sn: J5
BB R E 2L (AB-PAS-H) .

M. F 2 LP: B B NP2 N2 5T 5 — - J0RE 43 36 41
fit s PGC: H.E TE % 6 (4 MR R 40 5 SCE : 80 J2= IR 12 B2 5 FC. 3 i 4R
Ml 5 SB: UK Sk ; GOV A BRI & W AR R 200 5 V: 1148 s Mim: B IR
L5 Con: FRALJZ ; L GAILJZE s MS 5 s LT 2 s EGC W R 4 TBURL 40
ML EP B IR A1 53 363 TL : Brockmann /MA s AD: IG5 4148 » . B &
I AR HR 40 B

BT HREEHLRGFHERENR

a: Cross section of esophagus showing Neuron , granular cells,
brush border CAB-PAS-H ); b: Oesophagus crosscut showing the
mucus secreting cell CAB-PAS ); c: Oesophagus crosscut showing
muscularis mucosae(Modified Mallory trichromatic method) ;d: Oe-
sophagus crosscut showing skeletal muscle fiber(H.E) ;e: Oesopha-
gus crosscut showing Brockmann bodies(independent islet of langer-
hans) (CAB-PAS-H ) ;f. Foregut crosscut(H.E) ; g: Mingut crosscut
(H.E) ;h: Hindgut slitting(AB-PAS-H) ;i: Cross section of foregut
showing goblet cells(AB-PAS) ;j: Foregut crosscut showing overlap-
ping goblet cells(H.E) ;k: Foregut crosscut showing the mucus se-
creting cell(AB-PAS) ;1. Foregut crosscut showing the mucus secre-
ting cell (H.E) ; m: Hindgut crosscut showing the mucus secreting
cell(AB-PAS-H) ; n: Hindgut crosscut showing musculi sphincter
(AB-PAS-H).

M: mucosa; LP: lamina propria; NP: nerve plexa; N: Neuron;
—. granular cells; PGC: haematoxylin and eosin positive goblet
cells; SCE: simple columnar epithelium; FC. basal cells; SB: brush
border; GCV: goblet cells with visible secreting vesicles; V: blood
vessel; Mm: mucosa muscular; Cm: circular muscle; Lm: longitudi-
nal muscle; MS: skeletal muscle fiber; EGC: eosinophilic granule
cells; EP: pancreas;IL: Brockmann bodies; AD: adipose tissue; * :
overlapping goblet cells.

Plate [ Histological observation of digestive
system in S. caldwellii

2.3.6 MR BRAD AN IWBA LA T RFIESN, 4
AR 53 LA IR 553 18000 BRI A 0 A I AL & Bz
[i] 7y 72 B vl (PR T - o R 96 22 T 0 A o 114 45 4 41
S13 B A3 0 g R HLE Je (0 5L 0 (0, IR i 40
Ml I s 2 e, B AR (14,76 +1.34) pm, 4%
LM IR 5 B . B4R (5.73+0.59) pm., 58 3T 40
BLT s A5 HD 53 WA 34 ] WL B K 1 AR U7 200 L R 0l
BRI -h o B 5 52 0 3%, 43 180FE R JIE 41 43
L rf K42 0.14~0.88 mm, &b Bl 4 5 J5 1 45 4 40
GUE AN 3 AT 4 B o TR I 200 P e €8 R IR L HE S R R
AR5 T A0 05 R 2 4 412U B AR (R T -

»l

200um’
Y

a ILTTRTY) (AB-PAS-H) s b AT T T V) CAB-PAS-H) 5 o JIT i £
VICAB-PAS-HD s d: T HEBE V) 78 A L Bl Bk B 4 (AB-PAS-HD s e I
NERE U] CAB-PAS-HD s £ BT MRS D) (HLED 5 g« €038 & I8 B 3 19 e fiz
(H.E) s h: i 22 BRI (9 J5 I CAB-PAS-HD 52 B 15 5 B IR 36 (HLED.
HC: AT A0 s KC: Al 5 40 Ml 5 V- 0 BK veins A: 3l ik ; BD: IH4; EP: iR
Jig A0 53 W #E 5 CaC s JR ML AN 5 ot A5 4 412,

BRI FREEHLERGEHEHRENR

a: Anus crosscut (AB-PAS-H); b: Anus crosscut (AB-PAS—
H); c: Liver crosscut(AB-PAS-H) ;d: Liver crosscut showing ar-
tery, bile duct, pancreatic duct (AB-PAS-H) ;e: Liver crosscut (AB-
PAS-H) ;{. Hepatopancreas crosscut (H.E); g: The pancreas near
the mesentery of oesophagus(H.E) ;h: the pancreas near the mesen-
tery CAB-PAS-H) ; i: Islet of langerhan and pancreatic acinar cells
(H.E). HC: liver cell; KC: kupffer cell; V:vein; A: artery; BD:bile
duct; EP: exocrine panceas;CaC: acinar cell;ct: connetive tissue.

Plate [ Histological observation of digestive

system in S. caldwelli
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Morphological and Histological Characteristics of the Digestive System

in Spinibarbus caldwelli
TUO Yun'?, XIAO Tiao-yi', LI Wei-chen®

(1.Laboratory of Hydrobiology, Hunan Agricultural University, Changsha 410128,P.R.China;
2.College of Life Science and Resources Environment, Yichun University, Yichun 336000,P.R.China)

Abstract: Spinibarbus caldwelli (Nichols, 1925) belongs to Spinibarbus, barbinae and Cypriniformes,
and are primarily distributed in the waters of southern China. As a newly cultured freshwater fish species,
it has great economic value and breeding prospects due to its large size, high meat quality and strong re-
sistance to disease. In this study, we characterized the morphology and histology of the S. caldwelli diges-
tive system, aiming to explore the relationship between the structure and function of the digestive system,
and the mechanisms for digestion and absorption. The study provides a theoretical basis for nutrition re-
search and improving culture technology of S. caldwelli. Wild S. caldwelli individuals of total length
10. 80 —24.20 cm and body weight 15.40 —174.80 g were collected from the Shanggao section of Jinghe Riv-
er in Yichun, Jiangxi Province. The morphological and histological features of the digestive system for 51
specimens were studied using methods from anatomy, histology and histochemistry. The features of the
digestive system of S. caldwelli are as follows: (1) The digestive system includes two parts: the digestive
tract and digestive glands. The digestive tract consists of oropharyngeal cavity, esophagus, intestine and
anus, but there is no stomach. The digestive glands include the liver, pancreas and gallbladder. (2) The
mouth is low and U-shaped and the snout is round and blunt. The mucosal surface of the oropharyngeal
cavity is covered with squamous epithelial cells with a large number of mucus-secreting cells and small
taste buds. (3) The esophagus is short and lined with squamous epithelial cells, numerous mucus secreting
cells, goblet cells and the inner wall of deep longitudinal folds. The lamina propria is formed of loose con-
nective tissue followed by a submucosa of dense connective tissue with no glands. Muscularis mucosae are
observed between the lamina propria and the submucosae. The muscle layer contains myelin nerve fibers in
the inner and outer layers of muscle. (4) The intestine coils 7 times and can be divided into three parts:
foregut, midgut and hindgut. There are significant differences between the anterior and middle posterior
segments of the intestine, including tube diameter, number and height of mucosal folds, thickness of the
muscle layer, thickness of the serous membrane, number of goblet cells, and the height of resorption cells
(P<C0.05). The average intestinal coefficient of S. caldwelli is approximately (2.07+0.03). (5) A large
number of granular cells, positive to eosin stain, are found in the mucosal layer of the esophagus and intes-
tine. (6) The liver has a long strip shape with no leaves and the liver and pancreas are formed along the he-
patic portal vein. The gallbladder is surrounded by the liver and the pancreas is scattered around the liver,
gallbladder and mesentery. Brockmann bodies of different size are scattered at the junction of the esopha-
gus and foregut. (7) The intestine length (Y) of S. caldwelli is a linear function of total body length (L)
and can be expressed as; Y=2.1048L —0.474, (R*=0.669, F, ,=99.05, P<(0.01). In summary, our re-
sults indicate that S. caldwelli in Jinghe River is a typical omnivorous-herbivorous fish species.

Key words: Spinibarbus caldwelli ; digestive system; morphology; histology



