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Abstract: This study aimed to evaluate the effects of tannic acid on food intake and micromorphology of the small intestine
in mature Qinghai voles (Lasiopodomys fuscus). We examined changes in body weight, food intake, villus length, and crypt
depth in 24 male Qinghai voles under diets containing 0%, 3%, and 6% tannic acid (TA). The results showed that under the
action of TA, the body weight of Qinghai voles changed significantly, and the individual body weight of each group showed
significant differences. On day 60 of the experiment, no significant differences were identified between the body weights of

voles in the 6% TA and 3% TA groups, which were significantly higher than that of voles in the control group. Tannic acid
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also had a significant effect on vole food intake. At the beginning of the experiment, the food intake in the control group was
significantly lower than that in the 3% TA group but significantly higher than that in the 6% TA group. On day 7, food intake
in the 3% TA group was significantly lower than that in the control group. On days 28, 42, and 60, the food intake of voles in
the 3% TA and 6% TA groups was significantly higher than that in the control group. Tannic acid had significant effects on
villus length and crypt depth of the voles’ small intestines, which were significantly longer in the TA groups than in the
control group. The results suggest that TA could inhibit the feeding of Qinghai voles, and the inhibitory effect decreased over

time. After Qinghai voles were adapted to TA, TA could promote the feeding of Qinghai voles, but this promotion was not

achieved by changing the structure of the small intestine.
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Corresponding author: QU Jiapeng E-mail: jpqu@nwipb.cas.cn

Fr kR E R FEA B T A 2 0
HIE LT N, SE A SR PR A R
(g T ) B s AR e B e PRI B
Wi ) BT E RS &' ) S a gk
3 Gy BRI e K/, ML AR ER 2, 3)
R R 2 L B S A A DL A A B A
1P, 4) stk Ank g™, 5) AR,

£ BB Y AR W B SR A — IR R B R R A T AR
TR EL M A 0 e R R R AL
AR R BB R T B8 R g, B
Ak 25 55 47, A 3 g B AN A AR 52 B B
i, MTiEsh e ikt B2 s — e ma . v
B 7 4 3 B R PR B S g, B
a5 A B E RN B IR 2L SR g A T Ak 2
0 5 T AR R B AR AR 7 S 0 o 2 )
(RTINS -a =

T U AR 7 A R LA 5 R B 7E K P ) ok
Aok 7 o T i i U AR A 2 g R AR R, R AR
W= AR A I KL R R S E A L, e
B2 B W e R 2 —, R FE T
B U, B ERIR VR, BE NS R D fr B 6 R
e B T RIE R MM RS,
B AT RS, WA Z MR ERM =G, 327
A S MR i R, B R T 5 B A Ak TE A R
J5 B 485 B T R s AR TS A B 1O
A B R, B S SR i,
B R E I E ST B R, R T R R
bR R ThBER A, S ECE SRR F 2 4R

/N 2 B AT i T R B SR T, L s M
FF R EEAER . e FoR R ok

AN 7FI SR AR RPN A S 7 PR 7R RS SRS
&% (villus length, V). F& & ¥R FE (crypt depth, C)- /% i
R UL R R BRI EY. NERE K E S
M A& BB A G, kBN, AN, NG E
Fr B WS RE 77 2 5 B8 TR B IR WL T 4 L AR R
Ko o8 ARk, A AR T &, Ar i D RE N 9 . /Nl ok
BRKEMEEIRE (VIC) 5N D ae RS S, T
1B N B, 22BN i T A R W o de ek 55 B AE T, T
/N W P A o e A R B Y. R A i
YRR SR B, BT R AT RN T A ARG
T ERK, B IRE N, V/IC HHEH K.

RIS B TR B A — 2 rk s ae 1Y,
EHAIN AT, Mk E /B TRS &5
P, AR R, AERASEE R T
e & B ARH B . Wkt R 77 W (Microtus fortis) LA
K kg B (Lasiopodomys mandarinus) " & &5 G A
[FVR B BT BRI 4, PIFh S = A e i et &
B RR S BRI A Y, R R 4 B ket
AN FA B2 B 7 TR B W P 4 W] RE AR AE 22 37 o

YR 8 Bk s, s e s, R
TIEERE FEACHR T RMHEY), &R N
B AN A AR AR 72 ) 1R R SR D D BT R R L
. BEEWER T, SR 2 R R AR,
TEZYI B H LR R, 75 5 €5
AR RS, ZFEY) T BRI B KT &
T 807 R O AT 30 56 A U E e R X 1
5 W B (Lasiopodomys fuscus) K 4R 5T 5.7 BR X H AR
)52 DL K T i RO B T IR PR o B

H i R 2 S BB (Circetidae) H BB 3, £

http://cykx.1zu.edu.cn


mailto:jpqu@nwipb.cas.cn
mailto:jpqu@nwipb.cas.cn

564 B R %

38 %

B ATAE T W DY )1 S5 Hh, W9 EAEHEHK 3 700~4 800 m
s A Y, @ EEHRR OIS
5 B T R AR AR P W i P, (B
THIWEBLT, HiEH RSB &R T REn©Y,
ERT  JE /NI FL B ) 6] B R (TA) R AL,
AT UL T W RO T B AN E TA R
(R ERLRE, o B B TR B IS 110 A B A i 3 45 4 1 5
WA, S BRI B R T s JR B0 RE ) A G & R AR
Rt5%,

1 RERHR o

1.1 R =4

2017 48 H, fTERIEIMNILILEEFE 2 (34°12'05" N,
100°05'16"" E, #F4k 4326 m) 1 7€ ¥ 4 =K FH 28 1l V=
AR 24 i RE . RAE MEE TS I R . A B S G
J&i, B 7R o E R A B T b v R AR Y 5T BT B
YA 3% b ) 450 mm x 289 mm x 180 mm ¥ K}
W, &R 7d, ENEFE RN, SRR BRI EY.
1.2 REEY

¥ AU RHB B 0 AR R A B AR P B RN RRAE
e A A FURLTERERY B S 40 S 0. 3% 6% 1
fry B IR (D 3 8 i AR A 2 B R A PR A 7)™,
T FH AR R AL D T R IR TR, R TR
FHRAb .
1.3 ERIHLE

2019 458 H 25 HZ 10 H 25 H, 2% 2k 40
DL K = 7 v, ¥ B A AL 7 o P R BE AL 2>
B34, B 8 W, Al o (RHREZE, CK). 3% F1 6%
TA Kb B () R 5% G2 W A . E 1 I I A) 4% 5 = N IR
FEARFELE (20 £ 3) °C, 5 AT B 250 F1 48k}, B a8
NG AR 7R H 14 R, 28 K. 48 K
FEE 60 K FR 7 i H R 1 &Y\ B AR AR L.

% I Robbins™ 15 24 2 1+ 8210 36 A 1 % TA fr
YIHIRN =, B

BYRANE =-BRABYE -FREVWE.

1.4 #EmAIE

TR S 61 KoK B 75 i SRR AL 58, L+
iR s B R B 3~4 em I, R TICE
T 10% HPEAR R B AR E B e, TR E )

Fr, W 5E /N % B K B B TR
1.5 SNEIRLR

R 1 i 2H 211 5 48 h e, &t K K.
B RN GRS, AT R, KIRARKE AL
(HE) et 12 R R TSIz S5 H, {5 H] Motic Med
6.0 BRI, fEALE Rl & 5 N KB A
R B FI B 5 IR FE .

1.6 Leito#h

K FH R A 82 11 280 AR A 43 i B0 7 R 0 5 il
B A B AR AL B RN = 1 R, DA AL B AT R Ak
P (0-60d) HilgFHRMEEREWHRANEERN
Wi 975 Fc, BRL T R P AR B BN ) A Sy T 808, A
TR 22 AR D BEAL R (RE AL R ). A AL 23 B i B
B+ 1) e 87 A% 5 B B () (%) A8 A6 A 6 6 35 22 S5 2)
AR 5 il I [A) () B E A R E E . BEA
T B 0K A A AR R B () AR A 3
v WA 87 AR & 5 i TR) FR AR A B o2 B AL, U N )
AR B W ON T SRR B A I N AR B S I TR ) AR AL
BB TR, MR RN BT E,
B BT R TR EE 0. 3% AT 6% N xpn xp A x5, Wi N7
RNy RGN ES A &, 5 0-60
REFERN 6 ANy KRR, K 0.7, 14
28. 48, 60 K73 7 7R N ths ths o tys ts tgo

WA DL AR B, 22 000 55 Rt s, M 7 A
AL, 4350 A

B T :y=By+e;

BRI :y =By +Bit+&3

FEITIL: y = Bo +Brt+B1t2 + &3

BEALIV 2 y = Bo+Bita +Bats + B3ty +Bats +Psts + &3

BRIV 2y = Bo+Bit+Baxa +B3xz +Patxs +Bstxs + &

BV s y =By + Bit + Bat® +B3xz +Paxs + Bt xa+
Bet?x3 +B7x2 +PBsx3 +Potxyt Biotxs +£;

BRIV y = Bo +B1ta + Btz + B3ty + Bats +Bsts +PBexa+
Brx3+Pstaxz +Potzxa+ Biotaxs + Britaxy +B12tsx2+L13tex2 +
Biataxs+ Bst3xs +Pietaxs +Bi7tsx3 +Piglexs + o
b A T s BAL AL TT L TILL VL VI B B )
SRR s R R s BRIV L VIHR 1 ) ) 2 5008 4
KA

PR T 2B B VI AT B, A0 A X H ALl 28t
PRAL LAY, 8 ALC {5 5 ) 2E 47 15 A0 0k 55, MR 4

http://cykx.1zu.edu.cn



2 31 Bh

S5 BT RN T I R RN B /N S R 52 565

AAIC {8 HEATHEFF, 07 1% H 5 R s 0,

KPR R T3 22 70 B R B BRI R B K
JEERNBE B3 PR L (I o A6 R 3.4.3 71 1) Tmer #2762
BEAT VR A 2k MR AR TR 43 M AR Y 1% 4%, {8 H emmeans
2 Fr A0 15 AT BN I 8] 5 f0 28 18] B3

2 R

2.1 REGEE
BRI (R 1) R, B H I H R
P B 1 52 e 8RBT AU VI B B 7 0 R B 3%
N [ 52 3 AR A VI
22 BTBRMNESHRAETHHZMN
TR G 2 N B 25 IR B (3R 2), fE T IR
TERT, & H R PR ER SR EA 2 ELL F=
2.235, P=10.015), FF H % 2 75 ¥ [ B A0 4K = bt 5 B
] AR Ak A I 2 2 7 (F = 62.943, P <0.001). %
FRUE I, %A m A ELEEEZR (P>005); 58 7K
W, 3% TAA B H ik BB 2w T (P <

0.05), 6% TA Kb ¥ 2H 1) 75 i H R A 44 3 5 ) 4 G
R, RPNITF IR 6% TA X 75 H R A4k 5 1
I JEHn A 3% TA 44 2 384 i 7= A= 2 3 1E F
14 KA 42 K, 3HF M RAAE L, 5
60 KB, 6% TA 4bHE 4 [k 5 0 3% & T X R4, &
B g HH BAT 6% TA FE — B 8] 2 J5 7= 4 1 3d M.
P, 6% TA X H AR = 14 i1 B A (R 3 1E .
23 BTBRMNESHREMEBAENE

TR A 2 1t R R A 25 SR B (3R 3), 7£ 04 3% FH
6% TA WAL LT, 75 H R & Y5\ & bl & i (]
HEZEAN (F=15949, P <0.001); % 417 i H &A1
TW/mANE, MENAPNEABEREEER F=
8.726, P=0.003 67). 5 7 KINF, 3% TA AbHEZ FIXT HE
M F I H R YRR T 33.3% H124.2%,
6% TA K FEZH T+ T 63.6%, X B 205 3% TA Ab 2
HI BTN TR Z T 5 (P <0.05), X NIIF 62t
I, 3% TA X 5 g H R 025N 7= A4 0 i) E
Fls %5 14 K, XHEA 5 6% TA 4bH 4 1 7 i 1
BN E ET, 3% TA A EMHEARET

x1 REEMHNRELERER

Table 1 Mixed linear effect model selection results

M )37 A% £ [i] 5 2N SR A it BHHE s 2 AAIC XTEABSA L

Response variable Fixed effect Random effect Model DF AIC logLik

(=3 BT R | MR Vi 15 960.7 0.0 ~459.80
Body weight o] WL s} ) Individual

TA concentration, differences VI 8 965.3 4.6 —464.50

feeding Time \ 8 966.0 5.3 ~466.90

II 10 967.2 6.5 -473.60

111 6 967.3 6.6 -474.10

v 10 972.3 11.6 —4725.80

I 5 1125.6 164.9 —557.82

VRN R BRI Mk % 5 v 15 6712 0.0 ~319.60
Food intake e MR S 1] Individual

TA concentration, differencesences VI 8 678.1 6.9 —327.10

fecding time v 8 679.1 7.9 ~329.40

il 6 686.9 15.7 —332.50

I\ 10 687.2 16.0 —333.45

I 10 687.5 16.3 —333.57

I 5 691.5 20.3 —340.70

AAIC = FNMERFAICH — B/MIAICHH; FEIF .

TA: tannic acid; DF: degrees of freedom; AIC: akaike information criterion; logLik: logarithm likelihood ratio statistic; AAIC: difference between the

AIC value of each model and the minimum AIC value; this is applicable for the following tables as well.
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Table 2 Effects of tannic acid (TA) on body weight of Lasiopodomys fuscus

b3 Qb3 K2 Days of treatment

Treatment 0d 7d

28d 42d 60d

0TA (n=28) 27.175+2.175a  35.250 + 1.896b

3% TA(n=10) 29.800+3.463a 42.851 +3.025a

6% TA (m=10) 31.000+2.905a 39.800 + 2.374ab

35.375 +£2.306a
41.878 + 3.094a
38.341+2.129a

36.545+2.890a 37.625+3.484a 36.375+3.683b

42.621 +£3.159a 42.611+3.134a 44.100 = 3.086a

39.678 £2.077a  40.854 £2.235a  44.945 +£2.262a

¢H 4 Between groups

X HAEH Interaction

F=62.943, P<0.001
F=2235, P=0.015

[ F1 AN [ - B 2 3 A [R]I [E) AR ) B0 i Ak R V) 75 1 P PR B 22 53 5 (P < 0.05); TR [Al.

Different lowercase letters within the same column indicate that the body weight of Lasiopodomys fuscu was significantly different between the different

tannic acid (TA) treatments at the 0.05 level; this is applicable for the following tables as well.

*3 BTRNEESHRRYBRAENZM
Table 3 Effects of tannic acid (TA) on food intake of Lasiopodomys fuscus

g
g AR H Days of treatment
Treatment 0d 7d 14d 28d 42d 60d
0 TA (n=8) 4125+0914b  3.125+0295b  3.500+0.500a  3.000+£0.267b  2.750+0.366b  4.000 + 0.378b
3%TA(n=10) 7.500+0.764a  5.000+0.447a  4.600+0.562a  5.700+0.517a  6.100+0.458a  6.000 +0.516a

6% TA (n=10) 2.200 £ 0.573¢ 3.600 £ 0.521ab

3.900 £ 0.379a

5.300 £ 0.335a 5.000 + 0.298a 5.800 £+ 0.359a

20N Between Groups

2 HAEH Interaction

F=8.726, P<0.001"
F=5949, P<0.001"

B, 3N FRH M BN B LR E Z R (P> 0.05),
HAES 14 K25, 3% A1 6% TA 4L 3 41 (1) 75 ¥ 1 5,
BMEBANEER BT 5 28 REH 60 K, 3% 4
HAGMBANERESTXIRA, XFHUES 14 K5
Tl H BT 3% TA P2 AR IE MM, TA {23 5 i H
TN BN .

24 BTBEMNEESHBRIBAEMRITREN
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ZE5 (R 4. 6% TA LA F R HR MW MR EK
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b FRZE T RN R BT B E KT XA (P <
0.05), KW TA X & ¥ H 8RN 98 E A K 2 A R
PER o X IECZH 1R B3 8 R B2 2 351K T 3% TA AT 6%
TA A (P <0.001), 3% TA Ab P4 1 8 55 R B 5
6% TA WHH T W% 7% 7, R TAE —ERE L

e 375 i B BN g B s IR I AR K . R B K /R
EIRFELL (V/C) 1 3 AR R R 2R (P> 0.05).

3 WitE4®

3 BTRSESHEREMEANE

YR EARAL S R BRI VI K. 1k
AR 2 = A0 T PR T B B S N MV M 2 TR P
7o VR LM RN AR A S5 R KW, B Tl H RO
BT R PR O N, AR R ) B R NS FH B ) A
H A0 1) e A2 Dy e AR T, X5 B R R R AR A B
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Table 4 Effects of tannic acid (TA) on the villus length and crypt depth of Lasiopodomys fuscus

Qb3 Treatment HEKE Villus length/um &5 R Crypt depth/pm BEKE/BLEIRE Villus length/crypt depth
0TA (n=28) 356.753 £39.147¢ 110.022 +4.260b 3.236 +0.420a

3% TA (n=10) 365.846 + 49.460b

6% TA (n = 10) 449.033 + 43.095a

133.720 £ 4.247a
130.229 + 8.380a

2.736 £ 0.537a
3.448 £ 0.340a

F 26.83

P <0.001"

22.36 0.86

<0.001" 0.448
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