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Morphological and histological plasticity in digestive tracts of cold-acclimated

Kunming laboratory mice

LU Jianwei', Li Xiaopeng', XIE Zhenli', ZHU Kun', XIE Zhigang', XU Xingjun', WANG Changhe'* "
1 Colloge of Life Science, Agriculture and Forestry, Qigihar University, Qigihar 161006, China
2 School of Life Science and Technology, Xi'an Jiaotong University, Xi'an 710049, China

Abstract: The present study investigated adaptive changes in the intestinal tissue structure of mice subject to long-term cold
exposure. The body weight (P<0.05) , total digestive-tract length (P<0.05) and small intestine length ( P<0.01) of the
mice were increased by cold exposure, whereas the lumen area of the duodenum remained unchanged, indicating that the
digestive volume and food capacity of mice are increased in cold environment. In addition, the section and wall areas of the
duodenum were significantly reduced by cold exposure ( P<0.01), whereas the villus height was increased, indicating the
increased thickness of mucosal layer but the decreased thickness of submucous layer in mice under long-term cold exposure.
These results demonstrate that gastrointestinal tracts of small mammals are capable of adaptive changes to cope with cold
environments by increasing digestive tract length and absorption area for higher absorption rate and efficiency. In contrast,
the stomach size, cecum length, caecum weight, and rectum histology were not attested significantly, indicating that the
morphology of these structures is relatively stable. Collectively, these results demonstrate that mice are able to adapt to

changes in environment temperature and energy demand via phenotypic plasticity in digestive morphology and histology.
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1.1 SEEshY)

SEE SR 20 H 0 B B/INER K JLBE AL 43 A R BRI 3R 40 (25°C) R IR 3R 40 (10°C) 1l 7%, BRI
JEANHABR TR AR AEARTR] ARl SR R b g H AT R S BURR (VL5848 B Im] B2 25 AR ) TR BRTTATE  w) ) K
KBS HRAMEREE N 1 g B AR /N AR E LIk 3 1~ H .

1.2 HALIEIEASS I

1% 0.6 mL/100 g 1A IS 135 109 A 7K & S0 (1 25 82 Ak 22 100 A BR 2 ) ) o 52 36/ N BRHEA T R IR,
JeffiFH 300 mL A9 A= FEER K HEA T CoERE AL, SRR e UG 12 . AR BRER KRR 25 S, OUH 200 mL4% 92 3R H
R AT P E /DR HCE B e e, B T AEREER K A, 433 B (stomach, ST) /M (small intestine, SI) | K
% (large intestine , L1) 5 5 4 ( caecum, CA) , 7INCy 5 i i 28 B S HAA 2 20, D) AR BER 7K i N 2590, F i R e
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RACEE B R 1 mm BRI N BRI (length, L), B CRATREEE Y 0.02
mm RS R RGE T & U+ 380 8 2 em AERY B, BT 10% 09 PR Wb e, DLW R s FH g
AR R AR5 IS E SN 0.1 mg BT IF (B2 A BL 23R (AL A0) A BRA 7], BSA6202S-CW) RIS
ar B (empty  E) s ARSI A E B T 60°CHA LT 12 h, fr B RUE S AR E IO %,
1.3 HALIE AL S5 UL 5

T 3R WAL S E TR R I AR TR ]+ AR R E RS AR, 242 12—24 h
B E S5, 22 FURK TR K G i A AL 3 A 5 IR R B R Leica A Fr ik #EAT U0 v, Yl Fv
JEREZY 8 pum, Y1 TR AN PR LY L AT Y 8, B 181 5 FHTE [ Zeiss WOGH RIS M B AR LSM510 #E4T
W PRI ESEEE B W H A& MU R EG , FFH Zeiss LSM Image Browser ( Version 3.0) AT EE 4
A, DU AT AR A A i BE SRR B VB S | B R LR R L) R A A B
E (LI 2 2 3
1.4 Hdnib g

AL BYRAT FH Zeiss LSM Image Browser( Version 3.0) Il MBF Image] ( NIH) HEATGT A BT, 255 AR LA
SEEE AR EZE (Mean £ SE) IR, R Student’s t—test #7445, P<0.05 BIA N EZEF B E, A%
i Bh SPSS 13.0 GiiH k4 oE il

2 HR55%H

2.1 HIbIEMIEA AR

BT SR 2/ BRI AR RO i S A 528 B (B N K B W) B9 EE i 5 T E D RS R R
1 s, ARSI (P<0.05) JHALIE BK (P<0.01) ¥ B S, K HetE BT EEPH/)
L2 AR R B 5 25 53 (P>0.05) |, #2718 15 28 5 R 2H 2 45 4y ok o0 AL A 858 3R P8 A48 A iR AR R e A1, IR IR
2/ B /IN A B S 3 0 ( P<0.001 ) , (R A AT BH I FRAIK ( P<0.05) o IR/ IN BRI 1 3 e o 4
A AR (P>0.05)  HTH N (P<0.05) . FERIIVS BEE T ,/NRE WK W23 i (P<0.05) H
oA 5 AT E AR A WAL (P>0.05) .

®1 ERSMEHAMRHLERSEMLR
Table 1 Weight and length of main digestive tracts

J4H7 Ttem RIREH B TR R PAi
Lower temperature 10°C Control 25°C P value
AT Body weight/g 41.100+3.4 31.400+1.1 0.033*
AL K Total length of digestive tract/cm 80.200+3.900 67.400+2.800 0.003 **
B Stomach K JE Length/cm 2.167+0.084 1.943+0.121 0.160
#E T Fresh weight/g 0.175+0.009 0.201+0.017 0.207
FE Dry weight/g 0.047+0.003 0.047+0.004 0.882
/N Small intestine KJE Length/cm 64.817£1.016 53.400+2.109 0.001 ***
i T Fresh weight/g 1.5310.098 1.847+0.074 0.033"
FE Dry weight/g 0.385+0.032 0.327+0.029 0.207
K Large intestine K Length/cm 9.917+0.533 9.128+0.740 0.407
T Fresh weight/g 0.549+0.077 0.468+0.031 0.364
F3 Dry weight/g 0.13120.018 0.075+0.007 0.044"
H I Caecum K Length/cm 3.520+0.154 2.942+0.132 0.026"
£ Fresh weight/g 0.202+0.022 0.174+0.013 0.312
TH Dry weight/g 0.042+0.005 0.032+0.003 0.115

* P<0.05; " P<0.01; """ P<0.001

2.2 IR R R AR
iz ALY A F AR A S W4/ B — 38 i g AR AL AR R AR M AR AR - AR O A
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2 (P<0.05) | 17 s B A T FR N A & 2B 2 AR A (P>0.05) |, B /s FL I 8 4 U AR TR A T R AR 240
5 IHOAH — 350, IR ZEL /I B i B P 3 s, S0t/ N ( P<0.05) o 5 i B JEE B AR A e, AR TR 2H /D BB % s 3%
HE N (P<0.001) , 77 H 5 B W) 2R %2 A= B 28 A (P>0.05) |, $ 7 HL 786 5 2 JEE 3 386, T 266 JE S )2 465 4y D s 1 2%
45, EMRIRRFR AT /AN 48 B i LR 2 R B 18 N (P<0.01)

E1 EESREAFMRTEBHNARIA

Fig.1 Representative micro—graphs of duodenal sections of mice maintained at 25°C ( Control) or 10°C

The intestinal tissue was fixed with 10% formaldehyde solution, dehydrated in ascending series of ethanol, cleared in xylene, embedded in paraffin,
sectioned, and stained with haematoxylin and eosin. The sections were observed with a Laser Scanning Confocal Microscope ( LSM510, Zeiss). Scale

bars: 500 pm for upper panels, 200 wm for middle panels, and 50 pwm for lower panels

®2 BEMNBASKEANR+IEFHARFERTL

Table 2 Duodenal histomorphological changes of mice after cold acclimation

EitN il X IR ZH Pia
Item Lower temperature 10°C Control 25°C p value
[T Section area/mm? 2.9059 + 0.1490 3.4851 + 0.1943 0.038 *

Jo R 1 AL Lumen area/mm? 0.3693 = 0.0540 0.3599 = 0.0238 0.888

[ BERR T AL Wall area/mm? 2.5066 + 0.1209 3.1253 £ 0.1818 0.021*

7 BEJEE Wall thickness/ pum 550.3 + 11.94 589.7 + 13.24 0.044*
5B Villus height/ pum 409.7 + 12.89 330.0 = 12.92 0.0001 ***
BT Villus width/pum 76.1 + 3.62 83.5+2.72 0.11
WUZJE Muscle thickness/pm 17.5+0.97 13.9+0.78 0.002 **
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* P<0.05; " P<0.01; **" P<0.001
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JoRE 8 I A THT RS I W B BB 365 57 1A R W A R WAk 3 25 e T J LA A 1 T REFE R 4

TR R /N BRI (P<0.05) THALIE SV (P<0.01) ¥ 58 238, eI /INERU ] BEZE ZE8 IR0 N X RE I 757
RAR G, I AR AL TE A AN RE T AR B 2 A RE R, R, AR 4L/ SRR /N I B 25 3 i (P<0.001)
I s AR AR A i A I A, 37 /DN BV 72 6 B S 0, SR BN TR €0 PR T R Bl 4R s a1
/NI (1 B S ] 1T A WA T AR T ZRAR RE U S IR/ BRI I8 35 38 i (P<0.05 ) | /R AEFEVS
PGB TR BEYARET /N T REE S I B i KA SN R TR e, B H R H T
HAE /N Z (AR R B W B P22 57 (P>0.05) , #1275 15 25 M2 S5 X 0 J 3 gl B2 A2 A 1) Sl i vk
B, /N, + a8, B ETER IR T B AR IIH AE AT S A5 R B R A T 8 | LAGE AT 14
IR EREE T BB TR K

+ AR RIS I A SR AR 2 /) B R i T R B 2 A AR e (P<0.05) | T
B AR T AR R 2 2R 2 5 AR (P>0.05) , W 7s Ho i SV RS T A= 2840 . 5 AR — B, Rt 41/ B
Jin B JEJEE 0 . 20k 1N (P<0.05) -5 i BE TR JEE AR S, AR TRLZEL /) B 280 o 2 38 19 i (P<0.001 ), i 52 J3E
W)oK 4 B AR AR (P>0.05) |, S HRR IR TS B2 4 m, T 6 BT J2 454 W i TR Ak, 3R B/ RUEZER BRI T
8 o i v Y A R W IR 0 TR B RE T i I REf AR, AR SR AT /AN AR I R NL 2 5
HIN(P<0.01) , FRWI/INAETEVS AT T m] U H AL 18 555 30 7 i S A 5 ol iR . X Se s 4 )RR
NS SRRV BRI T 2 2 B e I TE L BN A A ek 5 e IR R i i U 3l BE ) SR 4 T B U ik
B EYIH S E IR WICECR SR 2 L AL 0 T RS RE R OK

LE BRI B RAE A GUKSFRIR ST T /N L3l ) 1) A 45 ) B T AR SR A AR IR P58 PR 3 1
PRI B AT FE 2 T A B Tl 2 1 AR S LD 2 5 R A ok A i L T AL S SR MOCeR LA
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