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Abstract: Hynobius maoershanensis and Pachytriton intexpectatus are endemic to Guangxi Maoershan
National Nature Reserve, China. Their living environments and distribution altitudes are different. H.
maoershanensis is inhabited in an alpine swamp at an altitude of 2 000 m with small population size, but P.
intexpectatus lives in mountain streams with gentle currents at an altitude of 1 140 - 1 800 m. This study was
designed to explore the differences of digestive tracts between H. maoershanensis and P. intexpectatus, and
how the 5-hydroxytryptamine cells of digestive tract adapt to their feeding habits and living environments.
Anatomical, histological and envision two-step immunohistochemistry staining techniques were used. The
total length, head length, body weight, snout-vent length, digestive tract length, and the thickness of mucosa
and muscle layers were measured. Statistical analysis and inspection were performed using the
Kolmogorov-Simirnov test, Kruskal-Wallis test and Mann-Whitney U test (Microsoft Excel 2016 and SPSS
26.0 software). Results showed that the digestive tracts of H. maoershanensis and P. intexpectatus were
composed of esophagus, stomach, duodenum, ileum and rectum (Fig. 1). The digestive tract of P.
intexpectatus was longer than that of H. maoershanensis. The ratios of intestine length and snout-vent length
in H. maoershanensis and P. intexpectatus were 0.57 = 0.03 (n=5) and 0.84 + 0.03 (n = 5), respectively. The
histological structure of the digestive tracts in H. maoershanensis and P. intexpectatus could be divided into
mucosa, submucosa, muscularis and adventitia (Fig. 2). There were many glands, such as pyloric glands (Fig.
2e - h). The thicknesses of mucosa layer in the stomach body of H. maoershanensis was the highest (712.82 +
37.67 um, n = 5), while that of P. intexpectatus was in the cardia (403.24 £+ 55.81 um, n = 5). The thickness of
muscular layer of the digestive tract was the highest in the pylorus, with that of P. intexpectatus thicker than in
H. maoershanensis. Both open and closed 5-HT cells were distributed in the digestive tracts of H.
maoershanensis and P. intexpectatus (Fig. 3), while the distributional patterns of 5-HT cells along the
digestive tracts were different. 5-HT cells showed the highest density in the rectum and the least density in the
esophagus of H. maoershanensis. But in P. intexpectatus, the highest count was found in the duodenum but the
least count in the rectum. In conclusion, the morphological and histological structures of the digestive tracts of
H. maoershanensis and P. intexpectatus are similar. The ratios of intestine length to snout-vent length of both
were not more than 1, which is consistent with the characteristics of the short digestive tract of carnivorous
animals. The 5-HT cells in the digestive tracts of both have endocrine and exocrine functions, but the
distributive patterns of these cells have their own characteristics, which may be related to their different
feeding habits and living environments.
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Fig. 1 The digesitve tract structures of Hynobius maoershanensis and Pachytriton intexpectatus (J)

av ¢ B LIL/NEANEE L AESRIE A B A5 by d. LI /NEERIEE L AERRS HaE S5 R B
a, ¢. The digestive tracts of H. maoershanensis and P. intexpectatus; b, d. Schematic diagrams of the digestive tracts of H. maoershanensis and P.

intexpectatus.

LR 20 B0 30 B 40 Bl 5. 4B 6. il 7. B

1. Oesophagus; 2. Stomach cardia; 3. Stomach body; 4. Stomach pylorus; 5. Duodenum; 6. Ileum; 7 Rectum
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Table 1 The morphological information of digestive tracts of Hynobius maoershanensis and
Pachytriton intexpectatus

Wyl JESERS HEK 78S THALE K =17
Species Oesophagus length,  Stomach length,  Intestine length, Digestive tract length,  The ratio of intestine length to
P OL (mm) SL (mm) IL (mm) DL (mm) snout-vent length, IL/SVL
g RGN 4.95+0.49 17.5+1.00 53.18 £4.36 75.63+£5.71 0.57+0.03
H. maoer shanensis 4.12~5.25 15.41 ~20.54 42.48 ~ 66.27 62.01 ~93.55 0.48 ~0.67
PE 1L AR 537+0.34 31.58+£1.08 72.92 £5.41 109.86 & 5.49 0.84 +0.03
P. intexpectatus 4.28 ~6.32 28.52 ~35.09 60.65~92.71 97.90 ~ 128.74 0.78 ~0.95

BE P AME + ARHERFIVE R . Data are expressed as Mean + SE and range.

2 B)LL/MEATER L ARSR A LB RS

Fig. 2 The histological structures of the digestive tracts in Hynobius maoershanensis and Pachytriton intexpectatus

a. M)LIL/MEETE: b BRLIESREE: o MILIL/MEBIT: d BRLEEEDT: e MILWL/NR B A £ BRLIEHEE AR, g )L/
WAl T: he BRILAESREATT: iy §. ) LIL/ME T T8 ke L BRILESET A8 mo ALILMREDG: oo BRLESREG: o, A)LLL/ME
B p. BELACHRE ) -

a. The esophagus of H. maoershanensis; b. The esophagus of P. intexpectatus; c. The cardia of H. maoershanensis; d. The cardia of P.
intexpectatus; e. The stomach body of H. maoershanensis; f. The stomach body of P. intexpectatus; g. The pylorus of H. maoershanensis; h. The
pylorus of P. intexpectatus; i, j. The duodenum of H. maoershanensis; k, 1. The duodenum of P. intexpectatus; m. The ileum of H. maoershanensis;
n. The ileum of P. intexpectatus; o. The rectum of H. maoershanensis; p. The rectum of P. intexpectatus.

Bv. L%; Cm. 3#Ul; Em. K L2 Fg. BIR: G A Ge. MOR4UME: Ig Bl Lm. PV Pg BalTlR; Sce. HEMMR EJ: Sm.
FIET ) Tm. JUZ

Bv. Blood vessel; Cm. Circular muscle; Em. Epithelium mucosae; Fg. Fundic gland; G. Gland; Ge. Goblet cell; Ig. Intestinal gland; Lm.

Longitudinal muscle; Pg. Pyloric gland; Sce. Simple columnar epithelium; Sm. Submucosa; Tm. Tunica muscularis



+ 602 ¢ =24 Chinese Journal of Zoology 56 4%

R E R Y ke I P =R
EONEEAR R, BTG T R A
KRR, FRAHRHES RS, HR A A AR
4R (Bl 2c ~h)o P IIDEI TR T 2 A
HEMDAAENE (B2, d), PEILAEYRIEE
NEE (B 2d. BRSPS MERZHIBIE, B
L AEWR TR B R B . B W TR LS R AT
FHERTHILL/MER) (B 2e ~h)s

ALl /NS R EE 1L RSN g s A7 AE K
A—RIBRMEE, ERREIIRE, KILHE
4Bk (B 2i~p)o ML+ 38
AR ERERZ, X518 ~ 204, [EFHE
BENA 7 ~ 11 A B ARSI 9k E R
11 ~134, BFA 9~ 114 &M+ 1%
TR R 5 9 s E AR B (21 ~ D, Bl
ME R E R H S EAR R (B 2m.
). MILL/NEEAEE R (B 200,
B Ll AR B R WA A, (IR Z, A
il L ) Js TL PR LZ s (B 2p)s
2.3 HUEHRENEE R

Ll /NS R B 1Ly PGS0 A3 20 R 25 A4 1)

FEZFIZEE RN E 2. @i, K
IR 38 W AT & ) R B2 AN ULZ 1 )R R3S
SREMER. ZHWE M E AL R
JREERERERE, G, 2], Bk [
17 =1 7k DA NN R PR S T
85 ) UL /N T A P 6 2 AN VLS 1) TR RE )
T RR AR (R 2). fEBH, ML/ NS,
JB 2 L R AE B AR v, R TIRZ, WA 1A
1 2% Ll AR B T TR ) R R )T, ARk %
T2 ey IR (3R 2). WUZEEEAR L
HEREZAE, AL/ E EB R ILZ 5
BT TZR AT 1IZ AL S s T B L AR DL )35
BIE, Bk, mIRNEE (K 2. EHiE
AL, LI /MEREE R B 4R 2
B g A, WUZCARI e 5 1 BE L e
e A IR E . WUE & JZ AL A7 T[]
W (£ 2).

2.4 VHAGE S-HT ZRHITER . 770 % EIRE

G HZUL 2% Envision PDVAZE R EIR,

THALIE 5-HT i 2 B EBIRIR G, RN
R B ERER L, RN X SIS 2 M RV

R2 HJLLAMSAEE LR HALGEREEMUE B

Table 2 Thicknesses of mucosa and muscle layers in the digestive tracts of Hynobius maoershanensis

and Pachytriton intexpectatus

THAGIE P PINIRN TR AL AEYE Z{8 P {8
Digestive tract H. maoershanensis P. intexpectatus Z value P value
8 Esophagus 307.40 + 40.69 197.04 £ 18.00 - 1461 >0.05
%] Cardia 367.85 +47.97 403.24 + 55.81 - 0.108 >0.05
H f& Stomach body 712.82 +37.67 293.55 + 47.53 - 4.626 <0.001
Thickffsﬂ;ﬁ;)fﬂ i‘fsa (um) H41] Pylorus 216.64 £ 39.90 282.09 + 65.44 - 0.352 >0.05
- —#& /% Duodenum 289.98 +25.10 24330+ 19.95 - 1.866 >0.05
[/ Tleum 251.25+22.43 249.82 +27.42 - 0216 >0.05
H % Rectum 54.61 +3.61 116.72 £ 16.31 - 4.869 <0.001
11 Esophagus 96.30 + 6.71 73.51 £5.04 - 2435 <0.05
%17 Cardia 135.82 +10.88 329.59 + 14.55 - 5.356 <0.001
5 & Stomach body 202.81+ 12.27 93.45+10.16 - 4.896 <0.001
Thickne?s”i}i Ecle (um) H41] Pylorus 398.76 + 16.91 439.45 +27.86 - 0.568 >0.05
+ —$&/% Duodenum 37.36+3.17 7222+ 4.06 - 4815 <0.001
6] Tleum 89.81+5.16 75.17 + 8.44 - 1.569 <0.05
H % Rectum 51.43+5.23 51.38+3.89 - 0271 >0.05
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B3 gL /MR IR ALTE 5-HT ZEH 20 AR AL B AR
Fig.3 The distribution and morphology of 5-HT cells in the digestive tracts of Hynobius maoershanensis and
Pachytriton intexpectatus

a. MJULVMEETE; b BRI YRR, o B)LIL/AMRE BT d BEEEEE VI e BLIL/NE B £ BRI YRS K g AL
AN EAT]: by BRILIEHEE AT § LIS R s kL BRI e me LN o BRLAREEEI: 0. JEL
NS EL s p. B L AEBETL -

a. The esophagus of H. maoershanensis; b. The esophagus of P. intexpectatus; c. The cardia of H. maoershanensis; d. The cardia of P.
intexpectatus; e. The stomach body of H. maoershanensis; f. The stomach body of P. intexpectatus; g. The pylorus of H. maoershanensis; h, i. The
pylorus of P. intexpectatus; j. The duodenum of H. maoershanensis; k, 1. The duodenum of P. intexpectatus; m. The ileum of H. maoershanensis; n.
The ileum of P. intexpectatus; o. The rectum of H. maoershanensis; p. The rectum of P. intexpectatus.

Cs. HEJE 5-HT 4iffid; Os. Wil 5-HT 40; Rs. ¥ 5-HT 4hffg; Ris. #RIR 5-HT 40f; Ss. #J% 5-HT 412

Cs. Cone shaped 5-HT cells; Os. Oval shaped 5-HT cells; Rs. Round shaped 5-HT cells; Rls. Rod-like shaped 5-HT cells; Ss. Spindle shaped
5-HT cells
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F 3 W)LIL/MERFNER L ARYEEALE 5-HT SO mEE (BhAL: NE)

Table 3 Distributional densities of 5-HT cells in the digestive tracts of Hynobius maoershanensis and Pachytriton

intexpectatus (Unit: number/field of vision)

HALIE EPINIIRN. PELL SR Z1H P {H

Digestive tract H. maoershanensis P. intexpectatus Z value P value
18 Esophagus 0.44 +0.50 0.49 +0.47 - 0.495 >0.05
Pt Cardia 0.75+0.56 0.84 £0.52 -0.713 >0.05
B {4 Stomach body 0.57+0.51 0.82 £ 0.66 - 1.908 >0.05
41 Pylorus 1.16 £ 0.63 1.15+0.57 -0.522 >0.05
+ =48 % Duodenum 1.16 £ 0.60 1.16 £ 0.63 -0.428 >0.05
5] Tleum 1.09 £ 0.69 0.87 +£0.63 - 1.555 >0.05
HJW Rectum 1.98£0.70 0.40 +0.46 -7.107 <0.001

A8 Ll /N AN R L1 BEE T 1 8 2H 2R 25 0 AH
L, BRI VFZ2 5 8WHEN. BRI E
LR . FTERHAT, A BORIMT 95,
FIT K AT FBEZ N A E V2
RGEME, AT A WARG RN A B, 7R BN E
B A T B AR LR E 1R
(Albrecht et al. 2001) . 3 1] B AR TBIAAAE K
EHI B, A B BRI PE A R
ELRE LU IR 5 R s R, X nT e S H
KR BEAGBEUREWIHEX, FREM
BRI BN . B AR w8,
A RIE AR AR, RIE B LE AT 5 B
MiFEBhRE ST, (E BV STHAGE 7 77 4fik (Forte
et al. 1970). J#)Lili/Nist B RO NLUZ B 2 DL B
AT 5 )5, AR E A Bt Rk | 1B R,
KB W dase 1R uE s BELAEEEHE B
WAl 1RRINLZ 55, HOORDET], B ARG,
F B RIS A Be AP IR T T AR S . /N
R ERAGZMVER, "> &Yt i it
N UAE T4 (Ezeasor et al. 1980), % &k
Z, HiESEYrEAI R K (R
2017) o L Ll /NSEANEE 11 AR WS-+ — 48 i A =]
WA AERZNHE, 7 KpiESEYrEE
fl AR, M0 E FRY I RE 7. ARR4H
o WA R AT B, R T HEH AR
(ERIBEE 2016). ME N EHM RS ED H
SRR, THARUC I RE 7T B RIS, (R

JEEHR RGN, v AR 3 2SI
Het
3.2 5-HT 4EES. ThEeRoAm%E E i

WAL AS 25, SRR A&
RIBFRAL, FFRRARZ AR HEE. B
REE, A P A4H L J 5 R o 1 A7 fs T A e,
I ANy IR ThRE; AT 2RI, M
W, NS, 17N WIIEE (k&R
2013 ) FEA L 1L /NG AR 11 AEME T A0 T8 P 1 A
G, Qi WRIETER) S-HT 45 A
TEASHBAL b iz 20 2 [ SRR Y s P AT
PIIIFF RS, aidR T 4nAe . HETE A 2 5y
AATE B U VR T TAE,  ER ) Ll /NS B A IR
D43 A R A o X 3 B A TR AT 5-HT
W oA S LA N o i AN AN b D RE, BT
5-HT P 5r b4 i@ 5 BA 55 b ThRe, A
BE—B 5T

S-HT 417 93 46 2409 4038 A 1 25 A #L
HEREK GREM 2013). Flin, AL
(Salamandrella keyserlingii ) VH {1t 5-HT 41 i
IY AT B VA T B AR A 48, DUE
WA 1B GRXENINSE 2018); ZR 7l + — 48
Wit i, B TERAR (RIS 2011); €
U R AR I A B P e, B AR TR
B OIS 2002) . AL LN B
5-HT 20 FE iy, B A 1 Be L RS
5-HT 40MRfE+ 4 fiERE, Hhx
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Ao PIEWALIE S-HT AR AT AN,
5 FRSMI A AR e A ] . R IHTH
1RIE S-HT 40HL 05 A SR TE BB AS R4
FhZ [IEAEE R 22 57 (3K &R 2013).

WFFCINA, B0 S-HT 40 5 A7 FL R
IR ] B -5 sh 0 ) B ALl AT JE MO IR 355 56 ()
TS 1997, FKERSE 2010). Fln, ML
DAdE . APk iy, B8 SN A (SAERSE 2003);
P SU A L ER R} L R S GRR E 4 2002),
UEDINITN DN UGN EE ST SR R i TS e
RUNBERRY ;s B L AERE A KA B A, 3 0L
B2, dF. BECNE. E KRR,
5 ERsm et s —-gmESs. 54, =
B SRR LR ) A W R AN A . )L
/N ANBE L BESR AL TS S-HT 40843 A6 78
AFE, TR eI EMEsk. EETEA—
FEIE BT, BARI LIS A gt — P 7.

El-Salhy % (1985) \A, WilGFIIC T3]
VI AT 5-HT 400, (B4R 1S8R L
KAV ETE AN FFAIEE . RITERIE Xk
22011, FRauE GRESAS 2002). W RiE
(Ptyas mucosus) CXIFJESE 2019) 534
BHEHEEH S-HT 4. fEARTFH, WK
B L Ly /IS B850 0 B2 1 IR 5 ) Bl AL R
5-HT 4. PIRAICIT ) & 18 N AELE 5-HT
Yfff, SRR AT eI P R = s T AL,
BN S EY AT, WH—EEM 5-HT
W A TEIZ B A o WA R R Z B i T
ITERE (EEIEEE 2007).

B UL/ INESFIEE 1L RS 5 3R S-HT 20
SIAHUERARE, UL B TR s, BB
Rz, BREK. Bl TR i nds
WECNBRAE, FTRZ 5-HT (kB AL 1IiEs)
et EVIRRHE R AE (EET5E 2010),
¥ 38 8 A5 A2 T A T ST R A R T T 2 R
i, BEE SIS EIE R, HARBGERE S
SRR, MUHE N 5-HT 403547 % 5
B+ 48 2 B RS, 2R 7 geg (x|
WSS 2011). PRILARMENZIE S-HT 405

A A 5 AR D7 g (XGErSE 2011) —E. 1M
ML/ 718 5-HT G AR R “ v 7
%, WEMEERS, FB0OXMERE S0 H R
N, EH MBI . FH4, 5S-HT gpEm
I8 N IR 73 AT R AR AR AR 22 57 IR S e AL 3 7R
IRAHEF

gE b, AL /NSERNEE L AR T 10 18 T
AL 2GR AL, W3 1 B K E B )
NT 1, FFEWETESIEAGER RE. 5
Ab, 5-HT 20 AL & WA TE & A ERAL A 43
fi, BAW. SR WTHEE, ARt S
HALPEPIBEA FH A Z 7k 2T 2
H 5-HT 4 A BUA7 A8 22 5 1 B DR ] R b
AETEMIE A A AN FAE G, FLEARR S
BLEIA et — 7.
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