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Seasonal Variations of Morphological Features and Tissue Structures of

the Digestive Tract in Gansu Zokor (Myospalax cansus)
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Abstract: Gansu Zokor (Myospalax cansus) is a small mammal that spends all their lives underground in
sealed burrows. To explore the digestive strategies and regulation in natural environment, and to understand
the plasticity of digestive tract, seasonal changes of digestive tract were measured at organ and tissue levels,
respectively. We measured the lengths of digestive tract and stomach, thicknesses of mucosa, submucosa and
muscular layer, and height of tomentum during development, and analyzed the data by one-way ANOVA. We
also observed the organization structure of digestive tract by H.E dyeing. There was not significant seasonal
difference between the total length and the gross weight of digestive tract contents (Table 1). Both the fresh
and dry weight of the total tracts and various organs were highest in spring, while the contents weight was a
little higher in autumn (Table 1). The organizational structures showed significant difference in different

seasons (Table 2), the thicknesses of mucosa and muscular layer as well as the height of intestinal villus were
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highest in spring (Table 3). Histological characteristics of Gansu Zokor's digestive tract were significant

different in different seasons (Plate I ). The results indicated that the major factors for Gansu Zokor to adapt

to the relatively stable underground environment are the plastic changes and increasing intestinal weights,

while incresing length of digestive organs is unnecessery for its energy requiremnt.
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Seasonal variation
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Table 1 Seasonal variations in digestive tract morphology in Gansu Zokor

. K i J5 5 Hr
% Spring 5 Summer K Autumn & Winter ANOVA
n=10 n=14 n=13 n=14
F P
{A 7 Body weight (g) 221.49 +18.93° 198.07 +£9.38° 213.62 £43.45° 244.93 +63.15° 2037 0.121

THALIE K Total length (mm)

TN E
Weight with contents (g)

T AL IE 2 Wet weight (g)
HALIE T Dry weight (@)

1256.57 £43.69°  1249.30 £36.92"  1343.74 £38.32"  1263.13 £36.92* 1316  0.208

36.38 +2.79°

15.77 £0.77°
1.84 +£0.11%

35.92 +2.35° 43.68 +2.44° 41.93 +2.35° 2518 0.069
9.68 +0.65° 11.78 +0.67° 1255 +0.65°  12.474 <0001
1.31 +0.09° 1.62 +0.10° 1.74 +0.09* 5601  0.002

[FATBEARIE A R RS Bl 1) 25 57 3%, P <0.05. In each row, data sharing the different letter are significantly different, P < 0.05.

R 2 CHRBRBEES ST HFTRN

Table 2 Seasonal variations in different organs of digestive tract in Gansu Zokor

# Spring 5 Summer K Autumn 4 Winter J1 22531 ANOVA
n=10 n=14 n=13 n=14 = P
K% Length (mm) 40.27 +1.55° 39.73 +1.31° 42.28 +1.36% 41.92 +1.31° 0.837 0.480
A~ 73 T
= H 'j_‘]ﬁm_i 9.35 +0.94° 9.08 0.79° 10.21 +0.82° 11.02 +0.79° 1.180 0.327
s s ) Weight with contents (g)
tomac
T Wet weight (g) 2.85+0.14° 2.32 +0.12° 2.93+0.12° 256 +0.12® 5084 0.004
T Dry weight (g) 0.47 +0.03* 0.41 +0.02° 0.46 +0.02° 0.47 +0.02° 1.860 0.149
KA Length (mm) 609.80 £31.00°  603.71 £26.20°  661.85+27.19* 60150 +26.20°  1.119 0.351
Ao~ 23 T
(N7 N 'j_ﬂ’e’wé 7.12 +0.54° 7.66 +0.46" 9.11 +0.47° 8.20 +£0.46®  2.955 0.042
Small Weight with contents (g)
intestine ¢ & Wet weight (g) 5.73 £0.37* 2.53 £0.31° 3.24 +0.33™ 4.01+031° 15611 <0.001
FE Dry weight (g) 0.54 +0.05° 0.28 +0.04° 0.43 +0.04? 0.48 +0.04> 7337 <0.001
KB Length (mm) 137.00 £5.22°  133.43 +4.41° 134.85 +4.58°  130.86 +4.41°  0.294 0.830
AR T
=7 N 'jf]”e’wé 14.24 +1.45° 1345 +1.22° 16.08 £1.27° 1521 +1.22°  0.833 0.483
c Weight with contents (g)
aecum
£ Wet weight (g) 407 +0.23° 2.39 40.19° 2.45 +0.20" 2.86+0.19" 13.047 <0.001
F& Dry weight) (g) 0.42 +£0.03* 0.27 0.03" 0.30 +0.03" 0.344+0.03® 4118 0.011
KB Length (mm) 469.50 £17.94% 471711516 50477 %1573 488861516  1.051 0.379
LT B
PN AR 5.68 £0.67° 573 £0.57° 8.28 £0.59° 750 £057° 4765  0.006
Large Weight with contents (g)
intestine ¢ 7 Wet weight (g) 3.12 +0.21° 2.44 +0.18° 3.16 +0.16° 311+018 3640 0019
T~ Dry weight (g) 0.42 +0.03% 0.35 +0.03" 0.43 +0.03® 0.45 +0.03° 2.038 0.121

AT BlE AR AN | - B os Bl 1) 25 57 3%, P < 0.05. In each row, data sharing the different letter are significantly different, P < 0.05.
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Table 3 Seasonal variations in structures of different organs of digestive tract in Gansu Zokor
——
% Spring 5 Summer K Autumn 4 Winter ifgi/f
n=20 n=28 n=28 n=24 F P
Fil5 Mucosa (mm) 1.143 £0.047°  0.714+0.039°  0.944 +0.043° 1008 £0.054° 15084 <0001
B § H —
F;’is ;ifiﬁfsa nmd 0.022 +0.004*  0.011+0.001°  0.023+0.002*  0.011+0.002*° 6225  0.001
JJLJZ Muscular layer (mm)  0.197 £0.018°  0.214 0015  0.324 +0.019"  0.182£0.009° 16497 <0001
FilE Mucosa (mm) 1.193 +0.074°  0.863+0.037°  1.031 +0.034° 1.065 +0.039% 7724 <0001
(EREN F 2
A':trau Submuct;sa (mm 0.026 +0.005*  0.009 +£0.001°  0.022 +0.005*  0.020 +0.001° 4600  0.005
WLZ Muscular layer (mm)  0.253 +0.026° 0.241 +0.015° 0.240 +0.023 0.197 +0.020° 1.287  0.286
%%E Tomentum (mm) 0.669 £0.025°  0.452 +0.026°  0.671 +0.017°  0.651+0.040° 14225 <0001
Fhi/lE Mucosa (mm) 0.753+0.031*  0582+0.022°  0.775+0.022*°  0.785+0.037°  11.240 <0001
- fﬁfﬁng C}ia () 0.067 +0.006>  0.062 +0.005>  0.054 +0.006>  0.055 +0.006" 1168  0.329
—7T8
Duodenum  3£JJL Circular muscle(mm)  0.012 +0.001° 0.023 #0.003" 0.023 #0.002° 0.020 +0.002* 6.317  0.001
4
/MJL' . 0.010 +0.001°  0.016 +£0.002°  0.015+0.001°  0.017 +0.001° 6.215  0.001
Longitudinal muscle (mm)
4% Pipdiameter (mm) 4288 £0.154°  3.537 £0.079°  3.491 +£0.199°  3.418 £0.231° 5360  0.002
255 Tomentum (mm) 0.540 +0.021*  0.431+0.018°  0522+0.028°  0.551 +0.025 5388  0.002
Fhi /B Mucosa (mm) 0.658 +0.034* 0563 +0.027*°  0.640 +0.034*  0.661 +0.024* 2348 0.080
- fﬁfﬁng Cfsa (nm 0.066 +0.005*  0.062 +0.004*  0.058 +0.004®  0.052 +0.004% 2005 0.121
n
Jejunum  EfML Circular muscle(mm)  0.020 £0.001° 0019 £0.002°  0.028 +0.002°  0.021 +0.002" 5.958  0.001
4
/MJL' . 0.013 +0.001% 0.011 +0.001° 0.014 +0.001*  0.013 +£0.001* 1498  0.223
Longitudinal muscle (mm)
1% Pipdiameter (mm) 3.665 £0.094° 3.421 £0.259° 3.409 +0.192° 3.347 +0.198° 0518 0.671
%% Tomentum (mm) 0.396 +0.014*  0.340 +0.017°  0.433+0.013*  0.404 +0.014° 7289 <0001
Fil5t Mucosa (mm) 0.503 £0.044  0425+0.016° 05410012  0.495+0.014® 3709  0.016
f - =
W éﬂgitfsa (mm 0.058 +0.003*  0.050 +0.005*  0.044 +0.004*  0.048 +0.005" 1588  0.200
lleum F£ L Circular muscle(mm)  0.031 +0.003% 0.017 +0.001° 0.027 +0.001* 0.022 £0.001°  11.345 <0001
)
Eﬁ?% itudina muscle (mmy  °014 +0.001° 0014 +0001°  0.019+0.001*  0.013+0.001° 10.016 <0001
1% Pipdiameter (mm) 3.003 +0.146° 2.959 +0.228° 3.304 +0.238° 2.830 +0.209* 0.928 0432
45% Plica (mm) 484440319  3.074+0.151°  3.476+0.113° 4514 +0.096° 19.205 <0001
FHJ Mucosa (mm) 0.176 +0.009° 0.153 +0.011° 0.171 +0.012* 0.153 +0.009° 1233 0.304
=l =1
B skﬂiitfsa (mm 0.084 £0.009  0.061+0.004°  0.062 £0.004°  0.070 +0.005™ 3073  0.033
Caecum
PR Circular muscle(mm)  0.146 +£0.018°  0.084 +£0.007°  0.097 +£0.016°  0.091 +0.008" 4382  0.007
4
’Ml. . 0.024 +0.002*  0.027 +0.003*  0.030 +0.002*  0.029 +0.005" 0.743  0.530
Longitudina muscle (mm)
Zhi K Mucosa (mm) 0.244 +0.011° 0.233 +0.018% 0.213 +0.010% 0.220 +0.009° 1.225  0.307
PN =
;ﬁﬁiﬁia (> 0.064 +0.00° 0.081 4+0.004°  0.061 +0.007° 0.051 £0.00* 5.234  0.003
o
égl}ﬁ ¥R Circular muscle(mm)  0.065 +0.002° 0.057 +0.003° 0.071 #0.002° 0.072 +0.002° 7412 <0001
)
AN L_ ) 0.017 £0.001*  0.017 +0.001*  0.019 +0.001*  0.019 +0.001* 0913  0.439
Longitudinal muscle (mm)
1% Pipdiameter (mm) 2.687 +£0.166°%  2.563 +0.052° 2.888 +0.190% 3.031 +0.131° 2068  0.113
Fil% Mucosa (mm) 0.217 £0.009%  0.169 +0.006°  0.167 +£0.007°  0.192 £0.009" 8347 <0001
PN =
;ﬁﬁﬁia (mm 0.058 +0.004*  0.041 +0.007*  0.048 +0.006>  0.048 +0.006" 1403  0.249
Ri?fm WL Circular muscle(mm)  0.057 £0.003°  0.045 £0.002°  0.054 +0.005®°  0.065 +0.006" 3688  0.016
4
Mﬂ_ . 0.016 +£0.001*  0.012 +0.001*  0.013+0.001*  0.020 +0.004* 2594  0.060
Longitudinal muscle (mm)
4% Pipdiameter (mm) 2.166 +0.131° 2.376 +0.089% 2.306 +0.269° 2.018 +0.104% 0930 0431

AT BE R AN [F] B s Bl 1) 25 7 3%, P <0.05. In each row, data sharing different letters are significantly different, P < 0.05.
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Explanation of Plate

Histological characteristics of Gansu Zokor’s digestive tract in different seasons, x40, bar = 100 pym

1 - 4. Histological characteristics of fundus in spring, summer, autumn, and winter, respectively; 5 - 8. Histological characteristics of antrau in
spring, summer, autumn, and winter, respectively, showing the well-developed plica of antrau; 9 - 12. Histological characteristics of duodenum in
spring, summer, autumn, and winter, respectively, showing finger-like villus; 13 - 16. Histological characteristics of jejunum in spring, summer,
autumn, and winter, respectively, showing the tomentum of jejunum and small intestinal gland; 17 - 20. Histological characteristics of ileum in
spring, summer, autumn, and winter, respectively, showing the tomentum of ileum and small intestinal gland; 21 - 24. Hhistological characteristics
of caecum in spring, summer, autumn, and winter, respectively; 25 - 28. Histological characteristics of colon in spring, summer, autumn, and
winter, respectively, showing the plica of colon and the lymph node; 29 - 32. Histological characteristics of rectum in spring, summer, autumn, and

winter, respectively, showing the not-filling of rectum.

a MWEERTEE: b HAEE: ¢ BIRMELG: d BRER: o BMHRKX; f f8REE: 9. HREE: h 5B 0 FEE
j. AR
a. Keratinized stratified squamous epithelium; b. Lamina propria; c. The affiliated structure of gastric fundus; d. Columnar epithelium; e. The area

of gastric body gland; f. Finger-like villus; g. Chorionic frondose villi; h. Cecal fold; i. Mucosa; j. Plica.



+ 582 -2 Chinese Journal of Zoology 51 %

FoAEEE TR SR b AR RV A TE T AR N G5 A AR 2 ) SR Pl i 1
WANG Qian et al.: Seasonal Variations of Morphological Features and Tissue Structures in the Digestive
Tract of Gansu Zokor (Myospalax cansus) Plate I




