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Effects of photoperiod and high fat diet on energy intake and
thermogenesis in Brandt s voles Lasiopodomys brandtii’
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Abstract To investigate the roles of photoperiod and high fat diet in the regulation of energy budget and themogenesis, adult
female Brand s voles Lasiop odomys brandiii were accdlimatized to one of 4 regimens, 1) long day and low fat diet, LL; 2) long
day and high fat diet, LH; 3) shoit day and low fat diet, S.; 4) short day and high fat diet, SH. After a Fweek acclimation
period, we determined body mass, energy budget, basal metabolic rate (BMR) and nonshivering themmogenesis (NST) , digesive
tract morphology, serum leptin level, cytochome ¢ oxidase ( COX) activiy and uncoupling protein 1 (UCP1) contert in brown
adipose tissue ( BAT') . The results showed that shoit days induced decreases in body mass, body fat mass and serum leptin level, and
increases in NSI', COX activity and UCP1 content. There were no significant effects of diets varying in fat content on body mass,
BMR, NST, UCP1 content and serum leptin levels. However, high fat diet significantly reduced energy intake, mass with content
and wet mass of the total digestive tract, and elevated apparent digestibility. Serum leptin levels were positively correlated with body
fat mass, however, not with energy intake. Our resuks suggest that Brand s voles resist highfat diet induced obesity, which might
be mediated by the increased sensitiviy of leptin and enhanced themogenesis during short photoperiods. Brandts voles, a strict
herbivore in the field, can prevent excessive obesity by adaptive regulation of energy metabolisn and themogenesis. Also Brandts
vole is a potential animal model for studying dietary induced obesity [Acta Zoologica Sinica 54 (4): 576- 589, 2008] .
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Table1 Composition of experimental diets (Grodzinski and Wunder, 1975; Liu et al., 2008):
(GEIL, kJod') = (DM,
Contents Lowfat diet  High-fat diet gd ) x (kg )
Crude fat (%) 6.2 21 4 (DEL, kJ*d"') = GEI- (g°
Crude protein (%) 20.8 176 dh x (kI*g™");
Neural detergent fiber (%)  21.5 196 (%) = (DEVGEL) x100%
Acid detergent fiber (%) 12.5 10 6
Ash (%) 10.0 85 14
Caloric valve (kJ g) 17.5 197 7 8: 00-
11: 00 , , 2 h,
1.2 BMR NST (3500 y min) 30 min, 1.5 ml ,
’ (-207C) ,
(170 3.6 L, ,
KOH CO2, ( LINCO
(Gorecki, 1975; Wang et al., 2000; Wang and Wang, Research, St. Charles, Missouri, 63304, USA)
2002) BMR 30C £1°C ( 1= 50 ng/ml,
27.5C- R2.5C) (Wang et al., 2003) 8.7%  3.6%
3 h, 1h, Y ,
, 5 min 1, 60 min ( ng/ml) (Li and Wang,
2 BMR (Wang et 2005a; Zhao and Wang, 2006a)
al., 2000) 15
NST , BAT
( Norepinephrine, NE) (Heldmaier et , (- 75C)
al., 1982), NE NE (mgKg) = 6.6 % ,
Mb "™ () (Heldmaier, 1971) , , ,
NST ( , 2005) ( 1 mg) ,
25Cx1C , ,
30 min, NE , ) > )
5 min l , ( 0.1
60 min, 2 NST cm) , ,

(Wang and Wang,  1996;, Wang et al., 2000)
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Fig 1 The effects of high-fat diet and short photoperiod on body mass in female Brandt s voles

LL: Long day and lowfat diet. IH: Long day and highfat diet. SL: Short day and low fat diet. SH: Short day and high fat diet. Changes of
BM were significantly affec¢ed by photoperibd, but not by diet or the interadion of photoperiod and diet, by which LH voles increased BM, the
SD voles, however, showed increasing, stable and declining stages of body mass ( photoperiod, Fy = 10.006, P < 0 0l; diet, Fy, 5=
0.604, P> 0 05; photoperiodx diet, F; x= 3.334, P> 0 05; Twe-Way ANOVA with repeated measures, photoperiod X diet) .
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0.05; NSI: . F\ = 44%, P< 005 . F,»=0 384, P> 005 ) x .

)
Fig 2 The effects of high-fat diet and short photoperiod on BMR and NST in femae Brandt s voles
LL: Long day and lowfat diet. IH: Long day and high-fat diet. SL: Short day and low-fat diet. SH: Short day and high-fat diet. Both BMR
and NST were not affected by diet. Photoperiod significantly influenced NST, but not BMR ( BMR, photoperiod, F| 5= 0.748, P> 0. (5,
diet, Fip=1 669, P> 0. 05; NST, photoperiod, Fiyn=448 P<0.05 diet, Fi27= 0384, P> 0.05 Twe Way ANCOVA with body

mass as a covariate, photoperiodX diet) .



2
Table 2 Energy intake and digestibility in female Brandt s voles acclimatized to short day and high-fat diet

Long day Short day
Energy intake P
Low-fat diet High-fat diet Lowfat diet High-fat diet
Dry matter intake, DMI (g d) 9. 80 80" 5.13%0.39" 9 610.69° 6.29%0 31" P*; D
Gross energy intake, GEI (kJ d) 167. 82+ 14. 852 101 43%7. 68 178 2% 12. 762 124.21%6. 16 P*; D*
Digestive energy intake, DET (kJ d) 95.21%7 76° 63 78%5.80" 100. 64 £6 00* 83.27 £4.27% P"; D7"; Px D"
Digestibility (%) 55.78 X0 27¢ 62 46£1.22" 54 70£0. 34¢ 67.02F0 4° P*; D7; Px D™
+ (P<0.05 P ;' D ;" P< 005" P<0.01
DMI ( , F = 7.461, P<0.05; , Fi,=49.645, P<0QOl)  GEH ( . Fip=783 P<0.0L;
. Fiy=3879, P<00l) DEI (F | 5= 10475, P< 0.01) (Fy = 20.806, P< 0.01), (Fin=
4.440, P< 0 (5) , L SL (F 5= 182.68, P< 0.001), (F 5= 6 094,
P< 0.05) (F)x=16.05, P<0.001), LH SH IL SL

’

X

Valies are expressed as absoluteMean =SE. P, photoperiod; D, diet. Different superscripts in each row mean significant difference (P< 0 05). “ P< 0.05;
* P<0.0l. Both DMI and GEI were affected significantly by photoperbd and diet ( DMI, photoperiod, Fi = 7. 467, P< Q 05, diet, F| = 49.645, P<

0.01; GEL photoperiod, Fj,7= 7. 693, P<O0.0l, diet, Fi27= 38. 793, P< 0 Ol). Similarly, DEIwas affected by photoperiod, diet and the interadion of
photoperiod and diet, by which the LL and SL were higher than IH ( photoperbd, F i z= 10.475, P< 0.01; diet, F; 7= 20. 806, P< 0 01; photoperid x

diet, F| y=4. 440, P< 0.05) . Finally, digestihiliy was also affected by photoperiod, diet and the interaction of photoperiod and diet, by which the LH and
SH were higher than LL and SL (photoperiod, F| 5= 6.0%, P< Q0 05; diet, F,,3= 182 684, P < 0.001; photoperiod X diet, F'| x= 16.051, P <

0.001) . Twe-Way ANOVA or ANCOVA, photoperiod % diet, with body mass as a covarite.
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Table 3 Body compasitions, body fat content, serum leptin levels in fermle Brandt s voles acdimatized to short day and high fat diet

Long day Short day
Body compositions P
Low-fat diet High-fat diet Lowfat diet High-fat diet
Body mass ( g) 58 8§12 4% 65 326 55.1%2 3" 52 1%2. 1 P
Wet carcass mass (g) 42.91%1. 4P 50.48%2.19* 3. 19%1 %5° 46.58+3. 72" P*; Px D"
Dry carcass mass (g 22.63%1.58% 27.91%1. 88 19. 211 48" 19.35%1. 36" 2
Body fat mass ( g) 13 9F1. 3% 19 1£1.7¢ 1.0x1 3 11 2% 1P P
Body fat content (%) 32 132.2% 37 6%2.5° 27.7%2 2" 28 8%1. 7 P
Serum leptin levels (ng/ ml) 7.3£0 3 8 6X0. 7 6.4%0. 40 6.3%0 4b p*
Wet mass (mg)
Liver 2126.6+78. 9 2337.1%£149.2 1975 4120 5 2242.3%85. 8 P*; Px D"
Heart 248.8%6.7 265.3%11.3 247.9%13.9 241.9%6 2
Lung 499. 0= 34. 4* 42. 5139 5 400. 8 =20. 8" 360 4120.2" P
Spleen 38.0%3.9 49.8%4 0 433431 50.1%4.5 p*
Kidneys 477.9%14 1 23.0£20.6 495 5120.2 518.0%X14 9
Dry mass (mg)
Liver 58.5%£322 595.4%38.2 581 9138.1 631.5+25 7 P*
Heart 60.8+2.2 75.3%£9 6 70 6%6. 2 54.5%3.1
Lung 126.1£13 1 116.9%11.3 103. 0£5.8 86.914.0
Spleen 17.9%4.1 21.9%3 8 179129 21.0%2.2
Kidneys 128.5%5.3 144 614 6 133. 4%5.2 140. 414 7 p*
+ (P<0.05 P ;D , PxD
;" P<0.057 P< 001 ,
, ( , F, x= 1654, P<0.0L; . Fi = 13949, P< Q0L
, F, x= 15887, P< 00l , F, x= 14153, P< 0.0} . F x=11630, P< 0.0 , x
) , , ( . Fi p=3176, P< 0.05; , F =744, P<0.05;
. Fy yp= 4881, P<0.05; . F p=5324, P<0.05; F| ;= 5164, P< 0 05) , x

Valies are expressed as absolute Mean = SE. P, photoperiod; D, diet; Px D, the interaction of photoperibd and diet. Different supersaripts in each rov mean
significant difference ( P< 0.05).

*

P< 0.05; ™" P< 0.01. Body compositions and inner organs mass were mot affected by diet. Carcass wet and dry mass,
body fat mass and content and serum leptin levels, however, were influenced significantly by photoperiod, and were higher in IH voles ( carcass wet mass, F, x
= 16.544, P< 0.01; carcass dry mass, Fag= 1399, P< 00 body fat mass, F| x=15.887, P< 0.01; body fat mass and content, F| ,5= 14. 153,
P< 0.01; serum leptin levels, F| je= 11. 630, P< 0.01; Twe-Way ANOVA, photoperiodx diet) In addition, photoperiod shoved significant effect on wet
mass of liver, lungs and spleen, and ler and kidneys dry mass (liver wet mass, F; 5= 5. 176, P< 0. 05; lungswet mass, Fi n=1 444, P< 0.05; spleen
wetmass, F'| 5= 4881, P< 0.05 liver dry mass, Fi = 3324, P< 005 kidney dry mass, F| 5= 5164, P< 0.05). Twe-Way ANCOVA,

photoperiod X diet, with body mass as a covariate.

1993; Cork, 1994) , (Mus macedonicus) (Haim et al., 1999)
, (Acomys russatus) (Ham et al., 1994)
NSI' BAF-COX UCP1 ; ( Microtus guenthert) ( Banin et al. , 1994)
, (Haim, 1996) ;
( Heldmaier, 1989;
3.1 Klingenspor et al., 2000) ;
, (Powell et al., 2002)
R s Zhao and Wang (2006a) R
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Table 4 Digestive tract morphology in female Brandt s voles acclimatized to short day and high-fat diet

Long day Short day
P
Digestive tract morphology
Low-fat diet High-fat diet Low-fat diet High fat diet
Stoma ch
Size (an) 1L9%0.1 2.0%0.1 L9%o 1 1L 9%0.1
mass with content ( mg) 965.4%70 0 884.31+45.3 1123 5£147. 3 1152.9%£130.5
Wet mass (mg) 455.4%15.7° 389.3%30 0 461.9t36. 1° 354 6X11.6" D"
Dry mass (mg) %.612.4 .0t114 95 9t6. 4 97 611 7
Small intestine
Size (an) 27.9%0.4 28.3%1 1 27 5%0. 8 27.4%0.8
mass with content ( mg) 1925.3%85. 9 2049. 4 158.4 1803 6116 3 20%.0E£109.5
Wet mass ( mg) 619.3£31 2 715.5%49. 6 653 1%54.3 663.41+29 3
Dry mass (mg) 120.6£8.5 135.7113.8 135 3£11.5 148.5t102 P
Large intesine
Size (an) 27.2%0 6° 2%.6L1.0% 24,210 5% 23 9%0. ¢ D
mass with content (mg) 1203.4+127 72 882. 1£44 3b 1081 9£53.04 929 9£54. 74 D~
Wet mass (mg) 519. 4135, 6* 397.1£18 5° 553.0130. 2° 346 5t16.3" P, D"
Dry mass (mg) 106.6t14 2 106.4t11.6 108. 5£9.6 88.5+5.3 P, D
Caecum
Size (an) 13.810.7 129%07 13 9£0. 3 12.4%0.6 D
mass with content (mg) 3784 9£296. 0> 2471 8252 1+ 4107.2%278.62 2889 0F168. Oc Py D
Wet mass (mg) 525 9129. 9% 4645121 8" 623.5t®. 1° 390 3+21.1° D"
Dry mass (mg) 106.6t14 2 106.4t11.6 108. 5£9.6 88.5+5.3
Total digestive tract
Size (an) 70.8%15 67.9%t2 0 67 5%1. 3 65.6%£2.0
mass with content (mg) 7878 81504 6% 6288.81420.6"  8116.2+496.9* 7066 2£389. 0® P*; D"
Wet mass (mg) 2121. 397 9 1965.0197. 1> 2291.2+169. 4 1755. 066 5" P, D"
Dry mass (mg) 40.5%24 8 415.0t24.9 447 5%33.9 425.0t24 7 P
* (P< 0.05) P ; ;T P< 005 P< 0.01
, (F i 27= 23.708, P< 0.01) (Fi, y= 5470, P<Q05);
( Fy 2= 4725, P<O0. (5; . Fi =930, P<0O0L , Fy 2= 83.847, P<
0.01 . F 5=5912, P<0.05); , ( , Fy=6®@ P<005 . Fi o=
5.714, P< 0.05) , SL ( . Fp =727, P<0.05; ,
F, »=133.517, P< 0.01 , F, z=180%, P<00l); (F, »=17752, P<0.01)
, SL ( , , Fi. 2= 5639, P< 005 , Fiy=11919, P<

0.01; R , Fi,7=4393, P<O0. 05, , F127=18.586, P<Q01); (Fi, 7=6.189, P< 0.05).

s x s

Values are expressed as absoluteMean £SE. P, photoperiod; D, diet. Different superscripts in each row mean significant difference (P< 0 05). * P< 0.05;
“ P< 0.01. Stanach wet mass was significantly affected by diet, which was higher in voles fed low-fat diet ( F; 27= 23.708, P < Q 0l). Photoperiod
nfluenced significantly small intestine dry mass ( £y, 27= 5.470, P< 0.05). For large intestine, size, mass with content, wet mass and dry masswere affected
significantly by diet (size, F| ,,= 4.725, P< O 05; mass with content, F L o= 9.309, P< 0 0l; we mass, F L o= 83. 847, P< 0.01 and dry mass,
Fi 5= 350912; P< 0.05). In addition, we mass and diy mass were affected significantly by photoperiod (wet mass, F; ,;= 6 02, P< 0 05 and diy mass,
F, y= 35714, P< 0.05). Diet showed significant effect on size, mass with content andw et mass (sze, F'| = 7.27, P< 0 05 mass with content, F,
=33 517, P< 0.0l and wet mass, F »7= 18. 096, P< 0.01). Simultaneously, mass with content of large intestine were affected by photoperiod ( Fy, =

7.752, P< Q0l). For total digestive tract, both mass with content and we mass were affected by photoperiod and diet, which were higher in SL voles ( mass
with content, photoperiod, F; 5= 5. 639, P< 0.05, diet, F| ,;= 11. 919, P< 0.01; wet mass, photoperiod, F, ,;= 4.393, P< Q 05, diet, F| 5=

18.586, P< 0.01). Drymass of total digedive rad was also affected by photoperiod (| ;= 6.189, P< 0. 05). Twe-Way ANCOVA, photoperiodx diet,

with body mass as a covarite.
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5 BAT
Table 5§

COX

UCP1

The effects of photoperiod and diet on BAT mt protein content, COX activity and UCP1 content in Brandt s voles

Long day

Short day

Composition cont ent

Lowfat diet

High-fat diet

Lowfat diet

High-fat diet

BAT mass (g) 0. 198+0.017 0.22610.02 0 2910 035 0. 182%0.015
mt protein content
(mg g tissue) 6. 980 27 7.21%0.39% 11 14%0.34° 6.86+0 47 P*; D7 px D
(mg in whole tissue) 1. 41£0 18" 1. 6510. 23 2 49%£0.32° 1.22£0 08 D" ; Px D"
¢ COX adivity
(nmol Oy miymg mt protein) 49 43%2.54 0. 49%3 04 52.07%4. 75 51 60%3.13
(nmol Oy mi/ g tissue) 346.54%24.970 44 31121 49> 588 14E66. 810 355.50+34.93 P*; Px D
(nmol Oy/ min in whole tissue) 70. 3£10.31"  95.78%11 45" 125 %13 p° 61.94%£3. 77" Px D"
BAT-U CP1 BAF UCP1 content 1.00%0.17 L 17%0.17 1560 07 1.24%0.16 P
+ (P<0.05 P ;D , PxD
;" P< 0.05"" P< 0.0l BAT , L SL (
, . Fi x=2922, P<QOl, x . F 5= 36150, P< 0.01; , , F .= 5.665 P< 005
x , F x=1227, P<00l); , (F, x=25.83%, P< 00l BAT COX
, ; SL ( , Fy 5= 4411, P< 005 x , Fi g=14 236, P< 0.01) BAT
COX (F x= 17319, P< 00l) BAT UCP1 , SL (F1 2= 4706, P<
0.05). , x

Valies are expressed as absolute Mean £ SE. P, photoperiod; D, diet; Px D, the interaction of photoperid and diet. Different supersaipts in each rav mean
significant difference ( P< 0.05).

*

P< 005" P<0. 0l. Both mt protein content per gram tissue and of whole tissue were affected significantly by diet and
nteraction of photoperiod and diet, which were higher in SL voles (mg g tissue, diet, Fi .= 2.22 P<0.01, photoperiod X diet, Fi x= 36150, P<
0.01; mg in whole tissue, diet, F'; x= 5.665, P< 0 05, photoperodx diet, F| x= 12 278, P< 0.01). In addition, mt protein content per gram tissue
was also affected by photoperiod (F| ,5= 25 830, P< 0.01). BAT-COX adivity ( present as nmol O,/ min® g tissue) was affected significantly by photoperiod
and interaction of photoperiod and diet, which was higher in SL voles ( photoperiod, F, x= 4 411, P < 0.05; photoperiodx diet, F'| ,o= 14 236, P <
0.01) . BAF-COX activity of whole tissue was affeded by mteraction of photoperbd and diet ( £, x= 17.319, P < 0 0l). Fmally, BAI-UCP1 content was
affected significantly by photoperiod, which was notably higher in SL voles (F'), %= 4.706, P< 0 05). Twe-Way ANOVA, photoperiodx diet.

(2003) ,
1)
s , (Zhao and Wang, 2007)
;2) ;
5 3) , , ( Ochotona curzoniae )
( Nwiventer  confucianus ) ( Rattus
, , norvegicus ) ( Octodon degus)

( Microtus ochrogaster) (Gross et al., 1985;
, s MNab, 1986, 1988; Hammond and Wunder, 1991;

(Wang et al., 2003; Li and Nagy and Negus, 1993; Lovegrove, 2000;
, 2001; MdNab, 2002) Voltura and Wunder

, (1998) ,

Wang, 2005a)
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( Derting and

Bogue, 1993) R 7
()
, Zhao and Wang
(2006a) 4
(Karasov, 1996)

( Zhao and Wang, 2007),

s Pei et al.
(2001a) ( )

(Gross et al., 1985);
(E+Harith et al., 1976);
( Bozinovic et al., 1997);

(Pei et al., 2001b) ,

? ?

(Peiet al., 2001b; Liu et al., 2007)

3.2 BMR NST BAFCOX UCP1
BMR
( Banin et al., 1994; Haim and Zisapel,

1995; Haim et al. , 1999),

(Ham and Zisapel, 1995)
(Haim et al., 1999) ( Banin et al.,
1994) BMR 7
BMR )
4 , BMR (Zhao and
Wang, 2005), s
BMR ,

2003) BMR
[43 ” BMR
(MNab, 1986; Cruz Neto et al., 2001),
BMR ( Cruz Neto and Jones, 2004;
Willians et al., 2004)

(MdNab, 1986, 2002) , Cork
(1994) : BMR
, Zhao and Wang
(2007) 10 , BMR
BMR BMR
, Cork (1994)
NST
NST
) , (Wang et
al. , 2003), ( Dipus sagitta)

( Meriones meridianus )

( Phodopus

roborovskii) ( Cricetulus barabensis) ( Bao
et al., 2002)
(A comys cahirinus) ( Kronfeld-Schor et al., 2000) NST
NST
NST (Heldmaier et al., 1981; Haim,
1996) ,
NST ,
(Zhao and
Wang, 2005) , NST
; Zhao and Wang (2007)
NST )
) , NST
NST BAT (Heldmaier
and Buchberger, 1985; Ricquier and Bouillaud, 2000),
BAT-COX
( Heldmaier and Buchberger, 1985; Wang et al.,
199) CoX UCP1
BAT (Jakus et al., 2002;
Klingenspor, 2003) , BAT
, BAF-(CQ0OX

BAT-UCP1 ,
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, BAF-UCP1
s NST , Zhao and Wang
(2005) , BAT
(Himms-Hagen, 1984,
1989; Rothwell and Stock, 1979, 1987, 1988),
, BAT UCP1
(Himms-Hagen, 1984, 1989; Rothwell and
Stock, 1979, 1987, 1988; Margareto et al. , 2001);

BAT (Barmess and
Wade, 1984) ,
BAT
(0(0):¢ UCPI ,
BAT , NST
. NST ( :
)3 BAT
COX UCP1 (
, ) ,
NST (
, ) NST
( ; ) ,
BAT ,
3.3
s (Bartness et al.,
1989) (Powell et al. , 2002)

(Dark and Zucker, 1986)
Nelson, 1996)

( Microtus oeconomus )

1999) ,

(Kriegsfeld and
( Zhao and Wang, 2006b)
(Wang et al.,

B ?

( Dark and Zucker, 1986;
Bartness et al., 1989) ; ,
, (Powell et al., 2002); ,
, (Zhao
and Wang, 2006b)

B ( B
2003; Zhao and Wang, 2005) ,

( Li and Wang, 2005a) ,

(Hume et al., 1993) ,

2

(Degen et al., 2000)
, 4

( Psammomys obesus )

2 B

(Zhao and Wang, 2005, 2007)

?

?

( Voltra and Wunder, 1998; Selman et al.,
2001) ,
(Li and Wang, 2005a,
2005b) ,
( )
( , )

2

(Voltura and Wunder, 1998); ( Mus musculus)
(Selman et al., 2001);

, (Zhao and
Wang, 2006a)

’

(Mayes, 1988)

(Li and
Wang, 2005b; Zhao and Wang, 2005, 2006a, b; Lu et
al. , 2007)
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, 167 , 16
kDa ( Zhang et al., 1994)

B

(Zhang et al., 19%; Klingenspor et

al., 1996a)

B

(Klingenspor, et al., 1996a, 2000; , 2004,
Li and Wang, 2005a) ,
(Klingenspor et al., 1996a) ;
) (Johnson
et al. , 2004)
(Mercer

and Tups, 2003)

2

23% ,

Klingenspor et al. (1996a, 2000)

(Klingenspor et al., 1996a, 2000)

(Wang et al., 2003; Li
and Wang, 2005a)

BATF-COX UCP1 BAT

(Zhao and Wang, 2005) ,

)

(Wade and Barmess, 1983; McEhoy et
al. , 1986; E}Bakry et al., 1999),

)

( ; )

Phillips University

Marburg Martin Klingenspor

UCP1
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