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Effects of Tannic Acid Food on Energy Metabolism in Brandt’s Voles ( La-
siopodomys brandiii )
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Abstract: Plant secondary metabolites affect the survival, reproduction, and distribution of herbivores. In order to test the effects
of plant secondary metabolite on energy metabolism and thermogenesis, we examined the changes in basal metabolic rate (BMR),
energy intake and nonshivering thermogenesis in captive Brandt’ s voles ( Lasiopodomys bandsii, formerly Microtus brandti) fed di-
els containing 0, 3.3% and 6.6% tannic acid respectively. Metabolic irials were performed by using the closed-circuit respirome-
ter, and nonshivering thermogenesis was induced by subcutaneous injection of norepinephrine. The energy intakes were estimated
with food trials. Voles fed the diets with 6.6% tannic acid increased basal metabolic rate compared with control at 10 days, and
reduced the gross energy intake and digestible energy intake. After 20 days, voles fed diets containing tannic acid showed no sig-
nificant changes in basal metabolic rate, gross energy intake and digestible energy intake. The apparent digestibility was kept sta-
ble during the experiment. These results indicated that tannic acid can increase basal metabolic rate and energy intake within a
short period and the changed physiological function returned o baseline for a long period. Tannic acid has no effect on body mass
and no significant difference was detected in nonshivering thermogenesis between pre-and the end of experiment in Brandt’s voles.
Brandt”s voles can adjust their physiological functions to match the changes in food conditions.

Key words: Basal metabolic rate; Brandt’s voles { Lasiopodomys bandtii ) ; Energy intake; Nonshivering thermogenesis; Tannic

acid
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* o MBI BL ( Microms brandsi) TC5% EEAEAREA (Cricetidae) . B R TAL (Microtinae Miller 1906) . H R ( Microtus Schrank 1798)
(RPERE 2000 PEFHME: SHEAE, WA TR, CRB. AEREL), REEASEE EEEZE A RER (Lasiopodomys
randiii) FAAEEEM (Crictidae) , SFER (Arvicolinae) . TRE B ( Lasiopodomys Tokuda 1941) (L Wilson D E and A M Reeder. 1993, Mam-
mals species of the World. 2nd. Smithsonian Institution Press; ERIFT. 2003. FEMIANYHFTRSESL Z AN A2 PEMLLNET) .
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BT (amin) 2AHFRITEN LB,
Y R HAR SR BN 1% ~ 5% (Feeny,
1976; Cork and Foley, 1991), WIB A4, 7]
NHKBETREERT, BTR (amic acid,
TA) BKMEETHENE LN—#. £ HL
BAR, 2T SEYPESERESY, MEME
YA, NHPREEY HEEB WA (Rhoad-
es and Cates, 1976; Cork ef al., 1983; Clausen et
al., 1990)c WHHEATEIF R S o B —FB 5 MHE Ky
FALBERR L R BERAHATER, A S 2R 1HHE
39N (Singleton and Kratzer, 1969). & #lik—@E
AR ST E Al . TR, FRHE R RS
(Brattsen, 1979; Watkins et al., 1987). B THERTE
TREFRGHEY & A —, Hit, 2TRX Y
LB E R, EEMEEERRIRTY
I b 22 R R BB R RE D B3R ER (Foley o
al., 1999), BT R4/ AU FL B0 ) ik & LAt
HIR W, TERERE H B (Microtus ochrogaster ) . )R
ME ( Microtus pennsylvanicus ) . 8 H B ( Microtus
oeconomus) FAACEIRM B ( Sciurus carolinenis)
R g A ME, HEIBE A2 (Thomss e
al., 1988; Meyer and Richardson, 1993; Chung-Mac-

.Coubrey et al., 1997; 7ERFSE, 2001),

K H # ( Lasiopodomys brandtii ) B2 i 00 fg B
JERA, FESHTREMNSE . Fh AR
BHTSDUIR K R B . FER AR
( Aneurolepidium chinense ), UK B ( Agropyron crista-
). FEEREFE (Stipa keylovic) SEFHEY), Hoh
UFEFAFHRHYIE. EENRETLME T
B BH (Aremisia frigida ). TRAEETE ( Melissitus
ruthenica) 55 20 ZRHY) ., ML ATHINREL HE
B (Artemisia scoparia ) B (An:emmmﬁlgula) S
WAty K& ey, REahaFRTS
SRAEPICECY IR (EXFEF, 1998). XF
A G H R S PR DA S, W
PR RERIL . EHEHRERTR . FEATHBW
5 (Pei et al., 2001; Lin et al., 2003; ZEPKITEE,
1995; KGRI T4, 2003), (8K BEEY
TR A A 0 A 3 A SRR AR R R B T BT R
ALBWHWMEREZHARET, NESRTRED
X A6 PG H R BE R AR A = AR (L Y S

1 RS
1.1 TRaEy

S BT R A EC BB 1999 R B 9 SEE A b
FEFE MR LREEREGN AREER 23
+1°C, BN 14L: 10D, YK AMRITR,
S E ARE. B AR S EEER AR
A RER SEE LN TRE R,

B AEMENBRERETRER 24 R
(41.6£1.6 g), HHEHEAWHENI R IA, B4E
HER4 R, MR 4 R O HEERAESRITS 1 AR
FEL), EUMEPRERER, &M 2 AR, 25
AR ERRKEATROEY. THRAMF 204
1.2 LREdy

%M Lindroth #1 Batzli (1984) HINEAEYH
FIRTHE R E N 0.0% (A4). 3.3% (B4)
M6.6% (CH). HARERKSEHL2MRRER
(LERBRBD A EBERAFE) S8 TR
(Sigma Company 4:7) #HBIFRMBES, FABRLE
B (LBRAURERAA) #ERN
12 mm, 2 ~3 emP)BOBLRDRL, B0 RDEHIL IR
TR 40C AL, UBRTREM. (D o
al., 1994) HURABOE AR BT THRABL, #
B M EERFEE (400 A4
16.40 k)/g; BHIN16.43 kl/g; CHIR16.38 kl/g)s
1.3 BEABACIATR AR B = SR E

HfifC# R (basal metabolic rate, BMR) X
BRI HE R FER A (30 + 1)
WE (Wang et al., 2003; ZEKIFE, 1995), Ky
iR, WPEAECN 3.6 L, H KOH T #m ik
P PTES €O, 1 Hy0. M RT SN ILIRS b,
RERAMRENERNL h, FPRTN,
R ERAR, FBSmnid® 1 K, $Z0E
60 min, JEBL 2 1% G FR 5 B9 AR E i B BMR
(Wang et al., 2000), T #EE B4 R IR AR
HERET (ARARE, 00).

45 B # 4 75 # ( nonshivering  thermogenesis,
NST) RAK FEHSsiPEEMNKETE LR
% (norcpinephrine, NE) i 8. NE & 4§t 7 & L)
Heldmaier ( 1971) A AR NE (mg/kg) =
6.6W “SIHE (W HBMIETEL, o). JIWEN NE
&, MEHEERTRES, &5 minitx | KERE,
FELEMZE 40 ~ 60 min, FHEE 810 min P B
FESEM A LA NST 1 (Wang and Wang 1996;
Song and Wang, 2003; TA/EFITEHE, 1990).
1.4 BERMCE AL

RER AR AU B E (Song and Wang,
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2002; ZEMFHEF, 2003), LBHAWRE 3 RME 1
W, RES 10 XNE)T I RNERYMEE, &
REERE, FTLREHRESYEE,
HEEGSCHEERTREESE, FIHERY
e, WSS (EEE0.5~1.0g2 0,
+1mg), FIZEE PARR 4 &4 = #) PARR 1281 &
BWAEITIERE, SRR OEHEN . Sk
ERTER LA B B AR MR BT R . BB
WHEMT (Liv e al., 2003):

BARE (/D) =BATYE (gd) xEY
#E (/g

£ (W/d) =%ETE (g/d) x FEEFHR
8 (kl/g)

HIbAE (k) =EARE (ki/d) - 2@/
(ki/d)

WLE (%) = HALRR /) /BRAR KD
x 100%
1.5 BEEEHRRNE

T2 ABFALFES Y, BRI S ER. O
WE. Bl BRE. #EREETAL (BAT) FHEHYA
H, HAti KFRESHENER (21 mg). 4
#hESETLIE, 28BS, Mp, BEEX
BrEdsy, HEB|ENMLIIGRE RREHLEFAH,
ERABAKE, BABHM (EMEE%, 1995;
THEEMEAMLE, 2001), AERMNESHAKEE
(z1mm); REHAERBER TN, AeEi
KFEST PPN Y, BB TR, REBAH
5, IE. BEARAEANLEEESE, KE
fERFYNIRGE, SEENETNALBERT
b, BIMEA (65 C) HEEE, BFHE,
1.6 Hitarth

455 R Spss MM AT EAR S AT, B3R
SR EESHR I EFURE, FESERBE
. &, BMR. BEARE. JHLEE. FIBRESH
EHAMAMAAEF RABEZEFTZFP (one-
way ANOVA), TESEITHT, ¥ E HEHIBHATRIE
RET AR, LURRSEGEHW&AE. XPH
FELI- 2 + 4RHEIR (Mean = SE) A%, P<0.05
(KR HEFBE, P<0.0l (WERK)
FEFMEE.

2 &R

2.1 ERHCH R MR SR = A (L
SLE RN, 3 HEHHY BMR (ml 0,/h) ¥

BEZER (481K: Fou =0.575, P=0.572;
B 1), $£10dm, HE BMREREE (Fom =
3.942, P = 0.037), C 4 BMR (125.8 + 4.2 ml
0/h)HAA (110.8+3.8ml O./h) & 13% (P=
0.019), B#H (122.3+3.8ml O,/h) th A 215 8%
(P=0.043), 20 dif, ZERHEE (Fop = 1.539,
P=0.240) (1), ]

C 417 B 415510 drf#) BMR LR AT 20 d
Bt BMR 8 EF A& (48K: Fou=7.716, P
=0.0045 F=4.902, P=0.019), AZLKE]
JEBMR XBEER (Fuu = 1.516, P =0.244)
(B 1),

B A 41 00%TA
O B4 33%TA
B8 C 41 6.6%TA

10
Bl Time ( day)

B TR A IR I R AR
FARE R 7 REAMERBE
Fig.l The eflect of lannic acid {TA) food on hasal metabolic rate
(BMR) in Brandt’s voles. “# " above the columns indicate signifi-

cant difference

SCESETS 3 4R NST (ml 0,/h) ZRHARL
Z (BN Foe =0.104, P=0.901 Fl Fg 5
=0.855, P=0.441, @ 2), A HM CALKBIE
AAREHEBEER (AH: Fy . =0413, P
=0.532; C4L: Fyup=0.044, P=0.838), {HIE
BKEE204dH BANTRIRFEAERS
(Fy13 =4.909, P=0.045) (& 2),

M A 4] 0.0%TA
O B4133%TA

B C 41 66%TA I
20

18] Time day )

FE2 RTER e IS W Rk E R S R
Fig.2 The effect of tannic acid (TA) (oo on nonshivering
thermogenesis (NST) in Brandt”s voles



45 BRIEWES : BTRIRI G BRER LR AR . 329

2.2 BEZL

LR 3 ASYNBENEREER (X8
Hl: Foam = 0.246, P = 0.784; 10d: Fop =
1.921, P = 0.173; 20d: F ) =2.888, P =
0.079) (& 3). EBIME, SHNKEFLEESE
k(A #H: Fouy = 0.630, P = 0.542; B 4:
Faoy = 0.519, P=0.602; C4: Fy9 = 0.121,
P=0.887), {ASCHEERNT, AMMBAKERN
K, CARERALRAE (H3),

650

—o— A 1 00%TA
—o— B #1 33%TA
- ——C #] 6.6%TA
g’ 50.0
3
350
‘il
#®
200 . ; . . . ,
-3 0 7 10 17 20
H37E] Time ( day)

3 TR i B R R E A
Fig.3 Effects of tannic acid (TA) food on the body mass in Brandt’s

voles

2.3 fEEEAMNL

SIET, CHAMBANTURBAR. BEAR
FHELEE S AHXEEER (TYE: Faow =
2.204, P=0.138; WARE: Fo 9 =224, P=
0.131; WifB: Fou = 2.870, P = 0.081; &
. 10 daf, CAMTHHERARNBEARZ A
ABEWRIE (FYH: Fouw =5.659, P=0.012;
BABE: Foy0=5.664, P=0.012;); CHMBA
HINLRET B BT A4 (Fom =10.325, P=
0.001), F20d8f, SARERABE (TUHK:

Fau0 = 0.459, P = 0.639; B AfE: Foug =

0.437, P =0.652; {H{LAE: F 19 =0.687, P =
0.515)c

HANHEER, TREE CHANTYUREA
BRBEAEREBEER (Foup=3.072, P=
0.073; Fom =3.072, P=0.073), {HELAETESS
10 dit B EFER (Fom = 4.840, P=0.022), B
HAALRYERAGE THRBAR RARNY

SR TRGYELR (BA: TR, Fou
=0.927, P=0.412; AR, Foom =0.927, P =
0.412; 4688, Fom =3.203, P=0.062; A 4H: T
IR, Fox =0.416, P=0.916; AR, Foum
=0.916, P =0.416; {HILBE, Fom =1.743, P
=0.201),

LR, LRI REREH AL (5
BRi: Faoax=1.373, P= 0.276; 10d: Fa =
1.399, P = 0.270; 20d: Fgp = 0.277, P =
0.761). KRMWEEAABLENFEEEMLER (P
>0.05) (F1),

%1 2TRATRKEREATHR. WK, HLE
MHALEHER (FHH + FAER)
Table 1 Effects of tannic ucid on the dry matter intske (DM1), gross
energy intake (GEI), digeitible energy intake { DEI) and digestibility
in Brandt's voles ( Lasiopodomys brandii) {Mean + SE}
KRG Time
Dey 0 Day 10

Day 20

A 0.0%TA(n=8)

BATHE DMI(g/d)  8.4120.67 9.23:0.66 8.60+0.82
#HABE GEI(k)/d) 137.9+11.0 151.3 £ 10.8 141,0+13.5
¥{EAE DEI(K)/d) 92.7+£6.5 100.5£6.2 91.5x8.1
4L Digestibility(%)  67.6+0.8 6.8+1,0 65.3:1.0

B#H 3.3%TA(n=8)

FATYE DMI(g/d)  8.1020.59 8.20:0.76 7.91+0.63
#EABE GEI(KI/d) 133.0+9.7 134.8+12.5 130.0:10.4
FfehE DEI(Y/D) 92.6+6.0 86.7+7.6 83.5:6.1
HALE Digestibility(%) . 69.9x1.4 64.6+0.8 64.5:0.7

CH 6.6%TA(n=7)

BATHHR DMI(p/d)  6.80£0.67 5.81£0,52 6.75£0.60
HBABE GEI(kI/d) 111.3:10.9 95.2+8.4 110.6+9.9
F#4L8E DEI(K)/d) 77.3+7.1° 62.1x4.5° 71.0+5.8
W LEE Digestibility( % ) ®8+1.0 65711 64.4%1.2

R—fi# LA AAFFERTEREE (P<0.05)
Significant differences ( P < 0.05) are indicated by different super-

scripts in the same Tow.

2.4 HERETEENEML

BCcaAsiPEBMNAEER BAM A4
BEHMS (55K Fom =3.5711, P=0.047
M Fom =7.350, P =0.004), HEREHERS
HFHEER (P> 0.05) (X2),
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2 APRAGEKANSCETRBOLE (TN FRR)
Table 2 The effect of tannic acid (TA) on body components of Brandt”s vole ( Lasiopodomys brandtii) (Mean  SE)
B Pararster ' AH (a=8) BH (n=8) CH (n=7)
. 0.0%TA 3.3%TA 6.6% TA
&4 Body length (om) 11.120.3 11.1£0.2 10.9:0.3
R Carcass wet mass (g) . 35.802.58 34.39+2.41 28.04+2.05
LBERETE Heart wet mass: (g) 0.206+0.011 0.216£0.011 0.191 +0.021
Lo T H Heart dry mass (g) 0.054 +0.004 0.046 +0.003 0.043 £ 0.005
I AESEE Lung wet mass (g) 0.315+0.023 02742 0.014 0.246 +0.022
B F 8 Lung dry mass (g) 0.080 + 0.005 0.064 £ 0.004 0.076 £ 0.013
FFHESE T Liver wet mass (g) 1.815+0.19% 1.680+0.152 1.484£0.169
BAT 8¢ BAT wet mass (g) 0.156 £ 0.020 0.146+0.018 0.120+0.018
BESEIE Spleen wet mass (g) 0.044 £0.004 0.046 + 0.008 0.054 £ 0.018
HETFE Spleen dry mass (g) 0.011+0.001 0.015 £ 0.003 0.013+0.004
. BB Kidney wet mass (g) 0.4%4 +0.038 0.451 £0.033 0.379+0.030
‘B FE Kidney dry mass (g) 0.135:0.010 0.128 £0.011 0.109 £0.020
& Stomach length (cm) 2.5£0.1 2.6:0.2 2.4:0.2
B & Stomach wet mass (g) 0.323£0.020 0.31420,020 0.272:£0.021
HFE Stomach dry mass (g) 0.0720.009 0.061 +0.004 0.055 £ 0.005
/NG K BE ST length {om) 24.510.6 24.9%1.0 25.5¢1.1
/P BEE ST wet mass (g) 0.933£0.072° 0.952£0.070* 0.956 + 0.085"
BB Caecum length (em) 12.1£0.4 10.5£0.4 11.840.8
EHH#E Caeum wet mass (g) 0.610 +0.033° 0.569 £0.033° 0.564 £0.043"
BT E Caeun dry mass (g) 0.097 £0.004 0.091£0.011 0.080 + 0.005
BT PC length (cm) 6.7£0.4 6.7+0.3 7.4:03
BT #EE PC wet mass (g) 0.180£0.010 0.186£0.017 0.168 £0.015
RI4EB T B PC dry mass (g) 0.034 + 0.002 0.037 £0.003 0.030 + 0.002
SEHMHE DC length (om) 14.9:0.7 13.9£0.4 14.1:0.3
B4l E DC wet mass (g) 0.209:0.015 0.207 £0.012 0.187 +0.017
FREBTE DC dy mass (g) 0.036 0,003 0.041 +0.003 0.035 + 0.003

RA—fTh LA RRAFEERREREE (P<0.05)

Significant differences ( 7 < 0.05) are indicated by different superscrips in the seme row.SI: small intestine; PC: proximal colon; DC: Distal colon.

3 it
3.1 AERHRBEEMIEEREE R

ALBEREY, RTRAYWLUERKEE
BB N, Thomas 45 (1988) th&HL, F&
6% KRS FRAYEBEREEHN, H BMRES
10 dFISE21 AT HE I 13.6% ~ 22.6%. ZERES
(2001) &3, ERYEAN 10% 5K 20% F4T,
BA3RR 6% L THREVHIHBERAEFE 5. 108
20dif Y BMR BE¥ R, #EMESRIHER
( Phyllotis darwini) M EHBF AWK B ( Octodon
© degus) A A% TREYN, BMR EXBEE
WHEES, HERIXTHERNERREBELEMA
W R IAEEE KX (Bozinovic et ol ., 1997), Meyer
Fil Richardson (1993) LA, 4% A TR LI
AR A BT 8. ST A R E S B m ke,
{H %k BMR 1A k. #HRERERHR
PG TR T RIAE BV F YA, Thomas

% (1988) R, HEPRAERBY R RER T
B, TERAPMETRE, —EsiYx e
R, “REAERNYRTIRNEVERG
MERE R, mTSREYKERBRES R
&, BHEsmiRiiE . ltERmaess
HoRs oy A, HiA R E NG RREL
BoPgaE R A0 A — A RABY. lason Al Palo
(1991) ECRAFMARIENRR (BTN R
BiES) ERBR T BB A shdn £k
BRCTERN, SRR A B RRHEAB L
FYRBRSSIRSRER M, B N8
AR B ERBEEEN, R CHNBEEN, B
M, R, RRESCH AR bR RS
A, AR IR TR AR EAR ML R
MR ERERY, ERAFFRERATREY
W, 70 E R AT 2 3 8 R A
B 6.6% 2T MiZH BMR SEMAIEE R TR M, {1
MER, EHREAHBRENREEEN (1% ~
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5%), THERHERHTHEIKERTYRNBEAE
R EREER L T RER B/, KR 2045,
BMREHAMEABEER, AR TRERESE
e P9 P B 2 H A S T BB LA SE W SR R M PR AR AT
2, FeY, X—2 Ry R E RS RN
BAME/N. P HR LB AR TRM Y
NST R pHE . NST B4R/ S S Y ik RiEE
WERERGTR, FRXETRERNESA, BT
BRYE Sy S LB MR b i SR B BN 4 AT BB 4R NST,
{BAEATRF D, SERERA K H RS A4
RERHABEZI R TRWE M, NSTHEEEZN
A5k, {BR: NST £ %5 BMR ML AR,
E SRR ETROEE, RITHAER.,
3.2 REEBEASHL

HRHRBARLTHREW0 5, TUREA
B, BARMMELEEY BAY B ERRK, T8
20d5, ERBETHEGRAMNBAKKI LR EE
Fo BNERN, RWEAERE=ET L, 8
TRASAYHEEAANHERCET 2P R
W, B4R (Lepus timidus ) N E %R ( Lepus eu-
ropaeus) AT AR BT 40% . 60% F 80%
B myEY, BMERMEANMARBERK, E
FTYIREME LS ZRZW (lason and Palo,
1991); MIFLBIMEIEE BRA 4% £ TR EYN,
TYRBABNE LR BERER (Meyer and
Richardson, 1993); 4% 8% MR TR EWIREE
FEEAL 2 AL R B A LA (Chung-MaCoubrey e
al., 1997), FRf, BTHMEATLSEYHEA.
HYKVRAERENERM, NHEHEYHEARR
LS (FHFES, 2003), RTRARELSH
BREWIDPRIHEEIIR: 1) S'RYTEA. &
#. EMEESS; 2) YHBTHALRARSS,
MHIEMAEERN K, 3) SHEPHETERLE
&, MEBEN YRS, HLE (Foley e
al., 1999). ERNTWEZRP, BTRHAEHMENK
HERHREHELE, MENHT SWREAR, #H
AR EER A H BRI,

ML SR TIERER (tannin-binding salivary
protein, TBSP) R—FE SHMERE THRETE S
W—26EH, SETHERE, WRERKRTRY
S BRI HRAEHR . Mehansho % (1987) DIBAT
REmAmRER AR, 53 4/ RER SRV & 3
SBTREGH TBSP. &6 AR ( Mesocricetus
auratus) TEH3 7 d 7] i F TBSP ( Mehansho et al.,

1986),

SRS A E R e R AT
BB H (Detting and Begue, 1993). & BFJL ¥,
6.6% B FRAMEHRI/ NG EHEREEH
m, ARSI MR R R YR B — AR
4L3R% . Bozinovic 71 Novoa (1997) K ILLF4EFIH
FROSCTAR AT LA AR\t B R o
3.3 ETEMAMEEGERLI S HRAMNKR

BIRAEENS i RRERRE %,
YR T R R R T B RIEA AR
ZIETH, SEARERS . BERMFEN . WikR
WIS Sh4IE S A S e Ry T
SHEBE T (Polly ral., 197), HAKBEE
ABTBAMN, AR, BREAW
B, R 6.6% ATHMANKEHN KRN, B
AEEEZR B, i H R AT LB M
TREEH R T, WY BRIy
B RATENE.

B, ATHEERGN, RTRAYESH
TR P AT EASRES AR £ AR AR, MR HEARE
PR, BORATEIMER, AL B
BRIKT .

Brify . iEXI 2L | FLOTFRMELEIETS
FHEFHL ., B ER RS
IR AR A B A PR IR SO R BT IR R
g,

SEW:
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