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Effect of fasting duration on immune function in female Mongolian ger-
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Abstract: The immune system protects animals from the effects of pathogens including bacteria and viruses, hence it plays
an important role in their survival. However, immune function is affected greatly by food shortage. Our previous research
showed that 3 days of fasting suppressed phytohaemagglutinin (PHA) response in female Mongolian gerbils ( Meriones un-
guiculatus) . The duration of fasting might play a key role in influencing animals’ immunity. In order to clarify this ques-
tion, we investigated how different fasting durations would have effects on immunity in gerbils. Fifty-five adult female ger-
bils were randomly divided into 4 groups that, in turn, were subjected to 1 day, 2 days, and 3 days of fasting or fed ad
libitum , respectively. Half of each treatment group received phosphate buffered saline or PHA injection. We found that
PHA response indicative of T-cell-mediated immunity was suppressed gradually with duration of fasting. Similarly, fasting
led to spleen and thymus atrophy in gerbils. These results indicate that the duration of fasting had an important effect on
immunity. Moreover, body fat mass, blood glucose and leptin levels decreased gradually with duration of starvation, which
were all positively correlated with PHA response. However, white blood cells and corticosterone concentrations were not
affected by fasting. Taken together, the duration of fasting had an important effect on immunity in gerbils. Suppression of
T-cell-mediated immunity might be due to the gradual decrease of body fat mass, blood glucose and leptin levels with the
time of fasting.
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EEUIH: BRAARAEERIINIE (31070332, 31370427) ; (LR AARAEEETH (ZR2013CMO19)
EEEM: WP (1975 -), 9, W, 8%, TENEIDY SR

WA 2014 -12-02;  fEEAH: 2015 -04 -27

# WiAfE#, Corresponding author, E —mail; wangdh@ ioz. ac. cn

O O OO Acta Theriologica Sinica 1 1 U 0 Acta Theriologica S



O O OO Acta Theriologica Sinica 1 U U U Acta Theriologica Sinica

370

IE

%

kL

35 %

SN B % I BEAE B ARG A (AN 2 . 4
AR 45 ) f=FH A HUA T K AE EZAER] (Shel-
don and Verhulst 1996 ; Owens and Wilson 1999) , 3
Yy G 2 I RE Y 52 M DR 3R 2 AR 25 A e 2 T ) B 5 A
H2Z— (Rolff and Siva-Jothy, 2003 ; 7k ~7 1 T fi
4, 2012) , EHAShYIRAEDIREMI N RIRZ, W
J#] (Walton et al. , 2011) . 5 )5 ( Marnila and
Lilius, 2015) . Z95# ( Horrocks et al. , 2012) |
BHHIRE (Xu et al., 2012) ., #5 ( Abdullah
et al. , 2012) . 4FE§% (Nussey et al. , 2012) , =
(Andrade et al. , 2015) ., #HFF % (Li et al
2007) 4, YA R M R L R Ay 2 T e B )
HRETIRE MY TE 2L & 2 — ( Kaminogawa and Nan-
no, 2004 ; Schaible and Kaufmann, 2007 ; #47% 57
kAt 2015),

T I B P e IR A 2= PR Bl , TR L X Bh )
R T RE IR AR A= 4 22 v A Ak (kAR SR I E
flitk | 2006; Martin et al. , 2007 ) . & ¥y %3 BB},
W T RE W S B, BlnAs 2 d Be k]
NELT A T S DI RE (Lord et al. , 1998)
IR B (e DIe) fEds e /b
FREY K B At sZ 2] ( Nohr et al. , 1985; Naka-
mura et al. , 2001, 2004 ), Z5E 60 h 1] RE{K /) Bl
HREM AN ECR (Fujita et al. , 2012) . T IR fiE
HELZ, SR N A R AR 3 R 2 ) 4 ke AR AL
i, S3HCs Sy 1 Re R s/ 0 AT BE HAZ A ] Ay S 1A
(Houston et al. , 2007 ; Higginson et al. , 2014) , {H
2, WAHPERBAFRER, HIansEa 3 d XA
Kt fE ]2 W 52 AN K (Neuvonen and Salo, 1984) ,
T [A] T A% B m] 4 oy NS Sh ) i e 2 DI g (Faris
et al. , 2012; Longo and Mattson, 2014; Xu et al. ,
2014) o FIUL, ZREARIE, I E] LA K P A Y 2 S
VI os 52 ma sh ) i S e IRe

Y M BREESE 2 ( Phytohaemagglutinin, PHA )
FESIASIY R TG, WIS T 45 A0 R 58 T
SR, %N T IRV L Eh ) T 40 A
S 8% fE (Smits et al. , 1999 ; Bellocq et al. ,
2006) , Al SEdEE QAR . RELVE RN T 40 A R
Bt B[]+ M S ik 3 ) 1Y) S 2 D) e (Savino and
Dardenne, 2000; Calder and Kew, 2002; Smith and
Hunt, 2004) ,

PG EZ — SR N R (leptin) FlE

J PR RS o i D A0 L R O A ) R
AALRET T R -4, SRR RE ARG, T H.
NBEPESE % ) W (Zhang et al. , 1994; Lam and
Lu, 2007) ; i B2 J51 i 4 G 30 1 2h 4 00 4 9% D) e
(Sapolsky et al. , 2000) , fig i A2 BE & VA2
X, BRI BN O S B 20 N 4 W N AR e B
(Ahima and Flier, 2000; Trayhurn, 2005; Fantuzzi,
2005 ; Schiffler et al. , 2007 ) , IR AR} 45 245 4% [
FELES Y R AT EAE T, B0 A0 B A0 A
IEWINRER KIS AERE R (Maciver et al. , 2008) .
AR S KT BRI . B B 53-8 i 3 LA
FARRg . BEACE RS R, T BRI S D RE 2 4
HIHJE R (Ahima et al. , 1996; Lord et al. , 1998;
Xu and Wang, 2011) ,

K IRV L ( Meriones unguiculatus) EB/040 T
T A i e i X R 5 1) S Y e Do R MR R it B HC
R RBOT ST, E— MBI R AR . R
WA, FEEEEYNZEN, BE&UMTNE, A
AEREITH (Walker, 1968; sKEIMW F AL,
1998) , 7 H AR/ X N B Y 5 I 2 A B iy 2=
PR, X 7 KO BT RE 238 T I G B2 4
R B9 g B ( Chen, 1988; Zhang and Wang,
2007) , KNV EUAM e hRE4& Fom THE (K
AR EAEAE, 2006) , (HANSZAREE H RS 1520
(Chen et al. , 2007) , Ff HA IR AR & WA
M G2 L A 3 AV e 9% (Xu et al. , 2011), 4K
TIASEr 3 d ] 7R B A A 5% (Xu and
Wang, 2010) , PRI, 47 Bk (0 J32 R I ] 72 532
W gl e PR B AR . O RS AR R A R A
PR VAT, ASSEE E MY TN EIRHC A A
B2 KNS B D BE S A [, 1200)
T F DR AT B T PR A2 ) R e B A/ W £ ) J e
AEAFIRDL o FAT T BEAS BN ] R AE G, D
BL Y B 928 D e 1 TR ATR o

1 HERF %

L1 SLEshy)

S FATD SRR IR b B R e sh Wik 5 Bir
FNBIRY AR, FNIRZ Y 23C £1°C,
W85 16L: 8D, ] LAARHER/INUGRDR B (LUK
PR IR BR A R A7), A IREMYOK . Bl
BEOITE AL 3 d A e 2 i KOV B T 20
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I FHIREIIEE (Xu and Wang, 2010), [HIEASE
0 [ P e 495 D0 B A 8 1y 1% O M R T B R R 9 X8
% SCISHT, shE%E (30 em x 15 ¢cm x 20 c¢cm)
TAFRAE N 2 J8, PR AR E ST IR 55 Ffd g M B
(4Fl%: 7-8 4 H, fAkH: 53.0-69.0 g), FhHL
Gy 8 M H M U TS WL 28 vl ( Phos-
phate buffered saline, PBS) 4 (Fed /PBS) (n =
7). HHEEFES PHA 4 (Fed/PHA) (n=7),
HE1dEHPBS4H ( FI/PBS) (n=7), Z28&1d
FF PHA 4 (F1/PHA) (n=7)., 28852 d F5
PBS 4 (F2/PBS) (n=6), 5fr2 d Ji:§f PHA 4]
(F2/PHA) (n=7), #5€r 3 d i 4f PBS 41 (F3/
PBS) (n=7). 254 3 d {F4 PHA #4 (F3/PHA)
(n=T7),
1.2 &E R SRR

BRI 2 BB Li fl Wang (2005) F) 7
Y CO, BRI 5 LA, Bl Je 53 5B H: 3 40
A . MR BERE. CBFNE. B R MLE. MEAR
(TESINESE ), HIEREE R4 4
SUMINRIDS , TEUEAT B W 8% 5 2 1 Y M s PR 5
(7% 0.001 g), MaeE . B PIHAL
H, pEBE. Ma. 5. 8, DOSIRESE
Y R e s A RN , RGN 0T, A= 28
HAKBELNEY), BIEAK LW T RE AT, R
#, VERasE S, WU N UEA A B FIH ALIE JS AR
g, ENIiAEEE, SRS E THAE T 60°C Ht T %
fed, PR, YRN8, A b o e 25 AR iR+
HH AR, g & BRI R TR R4 2,
DAA i B DA A4 &6 09 1 0 B R 7R (Xu and
Wang, 2010) .,
1.3 PHA S iyl o

BT R B YD B P die R PHA S & A=
F PHA 1#5})5 6 h (Xu and Wang, 2010), [Kitk,
S S PHA B I 8] R AL FE S W 6 h 54T,
BRI (Tesa Shopeal , Fiit:) 1E K
M HEREETZLERNEE (Kfz
+0.01 mm); FHREA 75% RS BR8N 0828 2
ORI PR T S AR AR 2 B RS 0. 03 mL
4 0.1 mg PHA (PHA - P, Sigma L. —8754) WJJCH
PBS ZZifif (pH7.4), 6 h J5ill& 4 f5 & R )2
J . PHA RZREOFHAS . (SR A3
TR R BRI EE ) /RS e IR, B 2 sh

FE 6 U, I I 6 RIE R 2{E (Smits et al.
1999; Bellocq et al. , 2006; Xu and Wang, 2010),
L4 HE0E B E

SERAS RS, shY ] CO, RREBE SRR,
BB WAREL 20 WL (I, % T3 0. 38 mL 1
MPpMF (& 1.5% WIUKESIR, 1% e IB %)
ELE T, HTFRRIRY, —BmnEE, M
VI DVE L IR /IO b TR 76 O A 5535 A A9 i
sotgol GHECE S B 0.1 mm, A/ H R
17400 mm*) |, 7EMRAE RO T (10 x ) W%,
I Mk RS TR 4 DA 4 DR T A I
MK, RIGRLL S x 107, 15K HD Hy 1 3% v Br
B EME R (10%cells/L) ( Yang, 2004) .
L5 g e

MBE 7K -2k FE i 2 & 3 (Free Style
Mini  Blood Meter ) ( Abbott Diabetes Care
Inc. Alameda, USA) #E47 & ( Xu and Wang,
2010) , TEAMPIRES BRULH A5, T 75 ik i )
SE I LA B2 Y Bl 2 1.1 - 27. 8 mmol/L, (8] F1
HENTRZ /N T 5. 6% F1 4. 1%
1.6 IfiliF 3 R A e

LI 98 3R R 5 R FH 22 W b 3 A B2 70k
7 £ ( Multi-species leptin RIA Kit, LINCO Re-
search, USA) I, BAREAEZ U HE4T, il
G EJL LR 1 - 50 ng/mL, A FIHL AR 2E 5
HIA/INT 8. 7% FI/NT 3. 6% , JiCHt S 58 I 5E R
vy IPEER, ARGEERE IR A SR R I R
BIMRE (ng/mL) (Zhao and Wang, 2006) ,
L7 i R B & 6 il o

L35 B2 J5 i e 3 P R BB Jo il ELISA 1057) &2
(Cat. No. HR083, RapidBio Lab. Calabasas, Califor-
nia, USA) #EATINE, BT &5 209 6 AF & & 2l
125 WL, FHIHT5 5 B e A I 21 (4 K o R fie A 7K 7o
1.0 nmol/L, TEANAYHERAE AL BRZ IR ELISA 125 &
AT BT
1.8 HEilorbririk

B 53 A R F SPSS 13.0 {4 (SPSS Inc. ,
Chicago, 1L, USA) #4708, FrA7 A9 L AE (4%
PHA S . R ZK AV G & & B30 17 52 1E 5% 5% 1k
TEAHTET, B WEE A Kolmogorov-Smirnov 1
Levene tests 73| 47 B0 408 1E 251 F1 7 22 5% P O A
Ko BRI d, 2 d M3 d SR E 2 RoR B R
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AT K36 AE S T 22 U5 ek kAT o A, AVE T
T2 ) 22 5 5R H LAIR 1A 2 Ay B2 e v XLEA 25 1
J# (ANCOVA) Fil Bonferroni post hoc ¥4 34773
Br, HEdbs (B8, PHA Ji, WBCs, Il
W 98 23R B Jo P v R ) ) L TR] 2 ok ORUIR &R
(B5E x Sy filif) ANOVA #4753 #fr & Bonferroni
post hoc #:;,  BAS £L I A] 7 722 Ak DU SR FH B 52 0
M7 2203 Mo Al B A 235 22 S i 46 bn it — 20 T
GLM Z75 & /387 1 Bonferroni post hoc #; 5 #E47 H
o MR R#MEFE 38T (Pearson correlation anal-
ysis) A G E Al PHA SO S5IR0E . Ik, 98
2R BT 2 (R B AHOCOC R o R P XM + Frife
% (Mean £SE) £/, P<0.05 hEFEE,

2 H#X

2.1 k&

A TFUEET (Day 0), Fed /PBS, Fed /PHA |
F1/PBS. F1/PHA, F2/PBS. F2/PHA . F3/PBS Al
F3/PHA 8 AR EH %A B EES (F,5 =0.109,
P =0.998), {4 b 25 4 B[] 49 4 K B RIS
(Fy,, =136.658, P <0.001), 526y il x 4%
R ZE HAE S (Fy,, =130.591, P <0.001) [
oM, (HARZ R (F,,, =1.802, P =0.155)
FoEm (B 1), 2541 d (¢ =10.688, df =54,
P<0.001),2d (t=8.073, df =40, P <0.001)
3 d (=509, df=27, P<0.001) J5, {k&E
WETH. 5% 0 RIAEMLIL, Z£&81d)5, FI/
PBS FI F1/PHA # By {Kk & 7 5 Bk 7 5.2 ¢
(8.9%) M4.9¢ (8.3%), 282 dJ5, F2/PBS
M F2/PHA 20 73 0 AR T 9.3 g (15.9%) HI
10.3 g (17.6% ), #£3 d J§, F3/PBS, F3/PHA
WA B REAE T 1229 g (22.4%) F1 10.7 g
(19.0%) ,

2.2 BRI RIS E

AR W AR TR R &R TRk
fE e AR, (AOKE . ERIGARIE & &, mxt
ok a. RIRIIATERA BEEW; 55, B
A BRI Z R . SRR x s B
ERR M (R 1), SAMBREAML, 28
Ld, 2df3dJE, KIEEDNEMRT 22.6% |
38.9% Fl 49.4% ., fu P il 41 ( Fed/PHA, F1/
PHA, F2/PHA fil F3/PHA) Yy PHA & i 5k &

(r=0.524, P=0.004) . K8 (r=0.589, P =
0.001) 2WFIEMX,

AR ERINT MR TE . BT, FFE,
HEXNMETE, B TE. 4B TE. SEE
THEEWEE, MHEHRE TEEAREZm; 1t
G, INGTEIRZ RPERIFL . BEE x e filifss o
TERREm (£2).

--E+ - Fed/PBS - -< - F2/PBS —m—Fed/PHA —@— F2/PHA

70 o A - FIUPBS --© - F3/PBS —A—FUPHA -@—F3/PHA

60 -

50

40 4

AT Boby mass (g)

30

-1 I 0 1 2 I 3
Hf[F Time (day)

LT AN [ o ) X o P RV B TR 1) S 0. Fed /PBS
H BT S) PBS 41; Fed/PHA: [ BBUCE ST PHA 4; Fl1/
PBS: 8¢ 1 d {:4f PBS 41, FI/PHA: £5£r 1 d d:4f PHA 41;
F2/PBS: #5652 d FE4f PBS 41; F2/PHA: 2562 d {14} PHA
4l; F3/PBS: A5¢r3 d Vi 4f PBS 41; F3/PHA: £5¢r3 d [E4)
PHA 2

Fig. 1 Changes of body mass during fasting periods in Mongolian
gerbils. Fed/PBS: Fed ad libitum and injected with PBS; Fed/
PHA: Fed ad libitum and injected with PHA; F1/PBS: Fasted for
one day and injected with PBS; F1/PHA: Fasted for one day and
injected with PHA; F2/PBS: Fasted for two days and injected with
PBS; F2/PHA: Fasted for two days and injected with PHA; F3/
PBS: Fasted for three days and injected with PBS; F3/PHA: Fasted
for three days and injected with PHA

2.3 T ZAMIA T 09 G SO

WEPERTID B PHA O NS & 2 d 56 52
FIMH (F,y,, =12.241, P <0.001), Jf HBE2EF
N ] S K B FAAR (Fy 55 =9.267, P <0.001), 5
H A, 2882 d 3 d, PHA 435
BeAR T 77.3% F1 86.3% (& 2A) ., % 0l 34
(F, ; =65.704, P <0.001) , 28 x s fil s 5
YER] (F, ., =10.422, P <0.001) % PHA ity
A R
2.4 HENp AR

KOV B AL S A SZ A5 e (F,
=0.608, P=0.613), 1A FEZE £} ] 1) 4E K i
AR (Fs5 =0.370, P =0.775), {HZZ 5 R#
(i E I (F, , =5.436, P=0.024) ([&2B),
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Table 1  Effect of fasting duration on body composition in female Mongolian gerbils

F 2 HE1ddl A2 d4gl f3ddg
Fed/PBS  Fed/PHA FI/PBS  F1/PHA F2/PBS  F2/PHA F3/PBS  F3/PHA

R0 Parameters

FEZAEL Sample size 7 7 7 7 6 7 7 7

2K Final body mass (g) 58.3+2.6% 57.6+2.6% 53.2+2.6"54.6+2.6" 49.4+2.8"48.2+2.6"" 44.8 +2.6" 45.7 £2.6"
{4 et 5 Wet carcass mass (g) 44.4 2.1 46.0 £2.1* 42.9+2.1"43.6 £2. 1™ 39.7+£2.338.6+2. 1" 36.1+2.1" 35.9+2.1°
AT Dry carcass mass (g) 18.4+1.3 19.5+1.3 16.9+1.3 16.5+1.3 16.2+1.4 14.5+1.3 13.5+1.3 14.3+1.3

7K & Body water mass (g) 26.0+1.2 26.5+1.2 26.0+1.2 27.1+1.2 23.5%1.3 24 1x1.2 22.6x1.2 21.6x1.2
A7k % it Water content (% ) 58.8+1.6 57.7x1.6 60.8+1.6 62.0=1.6 59.4x1.7 63.0x1.6 63.0x1.6 60.3x1.6
ENEMA R+

1.6 £0.5 11.8+0.5 11.1+0.5 11.1+0.5 11.0+£0.6 10.8+0.5 10.6+0.5 9.9+0.5
Fat free dry carcass (g)

RN Body fat mass (g) 6.8+0.9" 7.7+0.9° 5.8+0.9% 54+0.9% 532+1.0" 3.7+0.9" 2.9+0.9" 4.4+0.9*

PNE

36.2 £3.3% 38.3 £3.3* 33.7+3.3%32.2+3.3" 30.9£3.6*22.0£3.3" 19.4£3.3> 30.2 +3.3%
Fat/wet carcass mass (% )

Fasting Immunochallenge Fasting x Immunochallenge
Statistical summary
Fy 4 P Fy g P Fy 4 P
24K H Final body mass (g) 9. 090 <0.001 0. 008 0.930 0.113 0.952
H{AfE T Wet carcass mass (g) 7.272 <0.001 0.028 0. 868 0. 140 0.936
{4 Dry carcass mass (g) 5. 464 0. 003 0. 003 0. 956 0. 508 0.679
{&7KFE Body water mass (g) 6.318 0. 001 0. 133 0.716 0. 304 0.822
7K & H Water content (% ) 2.000 0.127 0. 054 0. 818 1.453 0.239
- N

LT 2.599 0. 063 0. 184 0. 670 0. 279 0. 841
Fat free dry carcass (g)

{AJETE Body fat mass (g) 5.360 0. 003 0. 027 0. 869 1. 045 0.382
1K Jg &t Fat/wet carcass mass (% ) 6.036 <0.001 0.067 0.930 2.901 0.952

RPEE I + b . BORGOT RN R (S50l Jr 25047 ) Bonferroni 2 [LEL, [Al—47 TP AYA [Al 7 hf_EAR R 7R 2
ERTE S
Data are mean + SE. Values for a specific parameters that share different superscripts are significantly different at P <0.05, determined by a two-way

ANOVA and Bonferroni multiple comparisons

£2 TREFHBEXEERTUPREE TENIZM

Table 2 Effect of fasting duration on dry organ mass in female Mongolian gerbils

F 2 HE1d4 HE2dd HE3ddl
Fed/PBS  Fed/PHA FI/PBS  F1/PHA F2/PBS  F2/PHA F3/PBS  F3/PHA

ZH Parameters

BEASEL Sample size 7 7 7 7 6 7 7 7

% Brain (mg) 1109 £26 1142 +27 1117 £25 1210 +25 1156 £27 1162 +25 1121 26 1117 26
OHE Heart (mg) 55 +3 51 +3 51 +3 52 +3 53 +3 52 +£3 51 +3 52 +£3
M At Thymus (mg) g+1° 81" g +1° 7+l 61" 61 2+1° 31
JififJE Lung (mg) 92 +7 93 +8 93 +7 89 +7 91 =8 99 +7 93 +7 87 7
JHFWE Liver (mg) 564 £37°" 456 £38" 533 £36"" 528 +36™ 539 £39%" 465 36" 459 £37° 639 +37°
JSLHE Spleen (mg) 9+1 9+1 9+1 8+1 61 6+1 5+1 6+1
Bk Kidneys (mg) 120 +5 114 +5 116 +5 115 +5 116 +5 117 +5 112 +5 119 +5
"5 g Adrenal gland (mg) 13 +1 111 12 +1 13 +£1 12 1 11 +1 12 +1 11 +1
PERRE Gonad (mg) 24 +4 20 +4 21 +4 22 +4 20 +4 19 +4 19 +4 19 +4
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£F 3 2 Continued from table 2
H H IR AE1dd H;Ea2d4d HEf3dd
ZH Parameters
Fed/PBS  Fed/PHA F1/PBS F1/PHA F2/PBS F2/PHA F3/PBS F3/PHA
# Stomach (mg) 92 +5 83 +5 80 +5 95 +5 93 +5 93 +5 85 +5 93 +5
/I Small intestine (mg) 56 6" 75 6% 69 +6° 99 +6° 65 £6" 49 +6° 52 +6° 64 +6°
H W Caecum (mg) 38 £2% 35 2% 39 £2 43 +2° 34 £2% 29 +2b 29 +2b 26 £2°
251 Colon (mg) 60 3% 57 £3% 63 3% 66 +3° 54 3% 48 +3" 49 +3" 50 +3
BN ALIE Total digestive tract (mg) 190 +8* 175 +8% 192 +7% 204 +7° 181 +8* 169 +8* 163 +8° 170 £8
Fasting Immunochallenge Fasting x Immunochallenge
Statistical summary
Fs 4 P Fi 4 P Fi 4 P
fid§ Brain (mg) 1. 626 0.196 3.252 0.078 1.492 0.229
Lok Heart (mg) 0. 109 0.955 0.023 0. 879 0.385 0. 764
i Thymus (mg) 9. 649 <0.001 0.011 0.919 0.128 0.943
Jilifk Lung (mg) 0.203 0. 894 0. 000 0. 989 0. 331 0.803
JFWE Liver (mg) 0. 629 0. 600 0. 004 0. 950 6.410 0. 001
JE i Spleen (mg) 3.590 0.021 0. 002 0. 962 0. 107 0.955
B HE Kidneys (mg) 0. 054 0.983 <0.001 0. 991 0. 680 0. 569
¥ I Jt Adrenal gland (mg) 0.327 0. 806 0.389 0.536 0.723 0.543
PR Gonad (mg) 0.214 0. 886 0.182 0.671 0.231 0. 875
# Stomach (mg) 0.514 0.675 0.131 0.719 1.192 0.323
/N Small intestine ( mg) 8.332 <0.001 7.530 0. 009 5.416 0.003
H M Caecum (mg) 11.562 <0.001 1. 081 0. 304 1.346 0.271
4517 Colon (mg) 12.112 <0.001 0. 565 0. 456 1.432 0. 246
M fkiE Total digestive tract (mg) — 5.779 0. 002 0.131 0.719 1. 580 0.207

F PR IE £ AnrERd . BRSOER IR R B 7 22004 (LUIRR T B84 ) K Bonferroni ZE LA, [/ —47 HF B A [ Ff B4R

FonEFBE

Data are mean + SE. Values for a specific parameters that share different superscripts are significantly different at P <0. 05, determined by a three-way

ANCOVA and Bonferroni multiple comparisons

2.5 IfikE

AR W E AR T KR R A K (Fy =
6.996, P =0.001), JfRfZEEE ] IE K iy 2 B R AIG
<F3,33 =8.172, P <0.001), 5HA H:{Hflﬁzﬂjzﬁ I,
1 d, 2 dM3dJE, MAEKESEKT
20.7% , 31.1% F129. 7% . L4 7K S 52 47 535 ol
M (F,,;,=0.554, P =0.460) FIZEE x G JK
ZHAER] (Fy,, =0.802, P=0.499) fyEm (142
C) o FsZ R iy A ZK-F- 5 PHA SO 52 5 35 1F
% (r=0.379, P=0.047) .
2.6 [MyEER

AR I 2 AR T MR TV BRI 9 2K
(F3,47 =6.014, P=0.001), I BEES £ 1 [A] 9E K B
B (Fy 5 =7.031, P=0.001), 5 MREH
AL, 281 d, 2dfI3 dJE, IMiEEEAKT5 5
WAL T 42.5% . 54.1% F170.7% (& 2D) . Il

WERAKEAZ B RE (F, =0.367, P =
0.557) FZEErma] x G fEAS HAEH (Fs s =
0.735, P=0.539) MsZMm. G fil 2 (98 25 K
SRS E (r=0.769, P<0.001) . PHA R (r
=0.553, P= 0002) I IEAH

2.7 W)

Iﬂl/ﬁl& filid 7K AN 2 2 (F347—2221
P=0.098) Fl PR (F ., =0.09%, P=
0.760) A5, H Ffi A% £ B (8] (Y 28K A 1
# SAMBREAMIt, 2a1d 2dM3dJE,
I3 B2 T3 R 7K SF 2 B T 27.2% | 25. 9% Al
69.3% (KI2E), 54, BREKT-EZEE x
PERIEAZHAEM (F,,, =3.851, P=0.015) M3
Wi o By 0 4 4 19 B R i 7K SF- 5 PHA OBy (r =
-0.223, P=0.254) BEAGHHLM:,
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Fig. 2 Effect of fasting period on PHA response (A), white blood cells (B), blood glucose (C), leptin levels (D) and corticosterone
levels (E) in female Mongolian gerbils. Fed: Fed ad libitum; F1. Fasted for one day; F2. Fasted for two days; F3. Fasted for three
days; PBS: Injected with PBS; PHA: Injected with PHA. = indicate significant difference between PBS and PHA groups within the same

treatment regime, which was analyzed with the independent-samples T Test. Capital or lower-case letters indicate significant differences of the

examined parameters with fasting duration, which was analyzed with Repeated Measures of General Linear Models

3 it

SR8, AR sh ) e b B
HEAEH], MEMEARIRTD BT 404 5 19 5 9% 2 fE
TEASE 2 d JRTFIR 2 Ml . AR [Wbe 2T g
B MR AR 2R AR, X S AR B IR &
HEE AR —20 (Howard et al. , 1999)

3.1 A A H A

BEAS £ I ] By 24, VD B Y 1Y RE &

(EZALIERR N FNIMAE) ] R VB R, X m]

REJE H AR SZ M A 2R BRI ZH AU
REI AT, R B NI g E, JF
R ¥ EEZA/EH (Ahima and Flier, 2000;
Schiffler et al. , 2007), — 5T, NENiv] N E R
A P AR A A S S W PR I RE i (Demas et al.
1997; Moret and Schmid-Hempel, 2000; Fantuzzi |,
2005); 53— 5, JR 54 2UHE 5 W — 2L g i
¥, HES SRR (Lago et al. , 2007) . 1)
WEEET A ZE, HIARENERLESL, RZ
JR4K (Houston et al. , 2007) , DXL AR AR (4 BEAR AT 11
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S5SNI E (Demas et al. , 2003) . tE4h, KN
PR/, B, dhMmaEEEFEssa1d
JEHEm, X AT RERE R A HAIHALRI N, ST eIk
PEL3 4 o T Ak B A A LA - RS B[]
MRE, EATTRY B B WA, X n] BB 75 B HILAR
RE BRI = 5, 70 T0 45 T AL X Se ] RV A= 7
AREEASE R B, DB A7
HERgsE, 0 SRR B AR AN A7 AR B I 1] i
o, mgnl L, R s e R ey, sh—Jr i
SRERIAF, J3— )7 T Al Beds Be i AR OCHERY
PR (AnfRsE) FIgRE (ANHALIE) HRE
XA REREEMRG (WIALLE)  (Lochmiller
and Deerenberg, 2000; Demas, 2004), [Ft, HeE
AN AT RE AT Bl I LR 19— Fh o1 2 g
RN

R 2 R A L A L A 5 2R A7 RN A HE D BRI 75
By ( Matarese and Cava, 2004; Maciver et al. ,
2008 ), 2 — it 4 7 B 175 110 4 2 0 A T MR AR
LM S IR PEDIRE (Zysling et al. , 2007 ; Mar-
tin et al. , 2008) , i FRECAY & R H A KIS,
HARWE 215 8 B2 425 (Hadri e al. , 2004),
FRATTFIRE A BAS B iR RUR AT AR e, -
T 20 5 1) S B2 D REAS- B S (Xu and Wang,
2011), X LERIFFY A 1d BH ) 4 W 78 fo % vh & i
YERT o ASBIFSE 2 BRAC TCED B %) IALARE 7K 1 B2 £ i (]
MIER BT TS, I Bk 75 PHA b & 1F
FHOG, X RS AT BT T R R H i
S A B R A
3.2 JEEREMGRE

JHRBR T TERE A R A5 AN, TE
gErP iR EEAER], JF BT Ak R A B R
e 15 A1 0 ZE AT 3 ( Matarese et al. , 2005
Lam and Lu, 2007 ; Steiner and Romanovsky, 2007 ) ,
JHR AL T WA A A7, SHI P T (Fan-
tuzzi, 2006; Lam and Lu, 2007), ¥ R /KF FKELs
i 2h WY e g S BL (Flier, 1998), Lord 4
(1998) K BAFEAM IR I8 22 7] WK S A £/ Bl AZ 41 o]
MR ETRE ;s [IRE, 933K AT DR/ IN B il oA 52 2
BN (Howard et al. , 1999) , AHF5E & BLRHAE
T[] A SE G, 8RR B W R AR, Jf H 5 PHA
FNE e ZEEARDG, PR, 98 F KPR AT R
eI 55— R K ( Ahima et al. , 1996; Nor-

ris and Evans, 2000; Zhan et al. , 2009) .
3.3 Bl

PR B 2e 5 T e — A — i
i SR VB NIV € S )y L /S b /1 BT ]
BEXS L D Re i BAT MG /EH] (Sapolsky er al.
2000; Xu and Wang, 2010) . Z<SZEG % PR Rz 57 i 7K
VIR Z AR RSN, (H ARSI [R] Y 1A 1
@, Hh, KR5S PHA SO ANAETEAR
Kok, BETAEM E PHA SN I X 5l i 414 338 1l
F1R) N7 TR LA e g Joi IV Ay I B A 3% 728 AR B R R R
EAESS B ok B b X S VR IR 5 i — 2P 5
(Sapolsky et al. , 2000)

TEG N R A B YR IREE D, S X &
Wy e ) 0 RE T AR AR R G B, VLR [A]
IR, SR R RE Bk /b, AN [ A 3
MR GEZ A2 R ARG o S 0 B 2 R LI
AfFEERERMN AT BEMARSE (R
HALIE) RYRER SFEAL, MM EEEGE (WK
FLLCE) DRAFRERE, 3% B YR 1) 3 4 A A7
(Ahima et al. , 1996; Lord et al. , 1998) , A,
il S 2 DI E AT RE 2 3 W) il e it e LI 1 29 BE i LA
BE I B — b RS

Brigt: ROl eh ERL B sh B P s AR LA 25
WFFE AR e S s i R SR AT B, A5 01 K
X T P LA S g i R A D

Sk

Abdullah M, Chai P S, Chong M Y, Tohit E R M, Ramasamy R, Pei C
P, Vidyadaran S. 2012. Gender effect on in vitro lymphocyte sub-
set levels of healthy individuals. Cell Immunol, 272. 214 -219.

Ahima R S, Flier J S. 2000. Adipose tissue as an endocrine organ.
Trends Endocri Metab, 11 327 —332.

Ahima R S, Prabakaran D, Mantzoros C, Qu D Q, Lowell B, Maratos-
Flier E, Flier ] S. 1996. Role of leptin in the neruoendocrine re-
sponse to fasting. Nature, 18 250 —252.

Andrade T, Afonso A, Pérez-Jiménez A, Oliva-Teles A, Heras V,
Mancera J M, Serradeiro R, Costas B. 2015. Evaluation of differ-
ent stocking densities in a Senegalese sole ( Solea senegalensis)
farm; implications for growth, humoral immune parameters and oxi-
dative status. Aquaculture, 438. 6 —11.

Bellocq J G, Krasnov B R, Khokhlova IS, Pinshow B. 2006. Temporal
dynamics of a T-cell mediated immune response in desert rodents.
Comp Biochem Physiol A, 145. 554 —559.

Calder P C, Kew S. 2002. The immune system; a target for functional



inica

O O OO Acta Theriologica Sinica 1 1 U 0 Acta Theriologica S

4 1] TRIESLAE . BT )R RO B S 5 D RE A 21 371

foods? Bri J Nutr, 88 S165 -176.

Chen J F, Zhong W Q, Liu W, Li Y L, Wang D H. 2007. Effects of
dietary protein content on social behavior and some physiological
properties in male Mongolian gerbils ( Meriones unguiculatus). Acta
Zool Sin, 27 234 -242. (in Chinese).

Chen Z 7. 1988. Topography and climate of Xilin River basin. In:
Academia, Sinica ed. Research on Grassland Ecosystem. Inner
Mongolia Grassland Ecosystem Research Station. Beijing: Science
Press, 13 -22.

Demas G E, Chefer V, Talan M I, Nelson R J. 1997. Metabolic costs
of mounting an antigen-stimulated immune response in adult and
aged C57BL/6] mice. Am J Physiol Reg Integr Comp Physiol,
273. 1631 - 1637.

Demas G E, Drazen D L, Nelson R J. 2003. Reductions in total body
fat decrease humoral immunity. Proc R Soc Lond B, 270. 905 —
911.

Demas G E. 2004. The energetics of immunity: a neuroendocrine link
between energy balance and immune function. Horm Behav, 45.
173 - 180.

Fantuzzi G. 2005. Adipose tissue, adipokines, and inflammation. J
Allergy Clin Immunol, 115: 911 -919.

Fantuzzi G. 2006. Leptin: nourishment for the immune system. FEur J
Immunol, 36: 3101 —3104.

Faris M E, Kacimi S, Al-Kurd R A, Fararjeh M A, Bustanji Y K,
Mohammad M K, Mohammad L. Salem M L. 2012. Intermittent
fasting during Ramadan attenuates proinflammatory cytokines and
immune cells in healthy subjects. Nutrition Res, 32. 947 -955.

Flier J S. 1998. Lowered leptin slims immune response. Nat Med, 4:
1124 - 1125.

Fujita Y, Yanagida H, Mimori T, Jin Z X, Sakai T, Kawanami T,
Sawaki T, Masaki Y, Fukushima T, Okazaki T, Umehara H.
2012. Prevention of fasting-mediated bone marrow atrophy by leptin
administration. Cell Immunol, 273 . 52 -58.

Hadri L E, Garlich ] D, Qureshi M A, Ferket P R, Odetallah N H.
2004. Glucose and electrolyte supplementation of drinking water
improve the immune responses of poults with inanition. Poultry Sci,
83:. 803 -809.

Higginson A D, McNamara ] M, Houston A 1. 2014. The starvation-
predation trade-off shapes the strategic use of protein for energy dur-
ing fasting. J Theoret Biol, 359 208 —-219.

Horrocks N P C, Matson K D, Shobrak M, Tinbergen J] M, Tieleman
B 1. 2012. Seasonal patterns in immune indices reflect microbial
loads on birds but not microbes in the wider environment. Eco-
sphere, 3. 19 =33.

Houston A I, McNamara J M, Barta Z, Klasing K C. 2007. The
effect of energy reserves and food availability on optimal immune de-
fence. Proc R Soc Lond B, 274. 2835 —2842.

Howard J K, Lord G M, Matarese G, Vendetti S, Ghatei M A, Ritter
M A, Lechler R I, Bloom S R. 1999. Leptin protects mice from

starvation-induced lymphoid atrophy and increases thymic cellularity

in 0b/0ob mice. J Clin Invest, 104. 1051 —1059.

Kaminogawa S, Nanno M. 2004. Modulation of immune functions by
foods. eCAM, 1. 241 -250.

Lago F, Dieguez C, Goémez-Reino J, Gualillo O. 2007. Adipokines as
emerging mediators of immune response and inflammation. Nat Clin
Pract Rheum, 3. 716 —724.

Lam Q L K, Lu L. W. 2007. Role of leptin in immunity. Cell Mol Im-
munol, 4. 1-13.

Li F H, Zhong W Q, Wang Z X, Wang D H. 2007. Rank in a food
competition test and humoral immune functions in male Brandt’ s
voles ( Lasiopodomys brandtii). Physiol Behav, 90 . 490 —495.

Li X S, Wang D H. 2005. Seasonal adjustments in body mass and
thermogenesis in Mongolian gerbils: the roles of photoperiod and
cold. J Comp Physiol B, 175 593 - 600.

Lochmiller R L, Deerenberg C. 2000. Trade-offs in evolutionary immu-
nology : just what is the cost of immunity? Otkos, 88: 87 —98.
Longo V D, Mattson M P. 2014. Fasting: molecular mechanisms and

clinical applications. Cell Metab, 19 181 —193.

Lord G M, Matarese G, Howard J K, Baker R J, Bloom S R, Lechler
R 1. 1998. Leptin modulates the T-cell immune response and re-
verses  starvation-induced — immunosuppression.  Nature, 394
897 -901.

Maciver N J, Jacobs S R, Wieman H L, Wofford J A, Coloff J L,
Rathmell J C. 2008. Glucose metabolism in lymphocytes is a regu-
lated process with significant effects on immune cell function and
survival. J Leuko Biol, 84. 949 —957.

Marnila P, Lilius E M. 2015. Thermal acclimation in the perch ( Per-
ca fluviatilis L. ) immunity. DOI: http: //dx. doi. org/10. 1016/
J- jtherbio. 2015. 01. 002.

Martin L. B, Weil Z M, Nelson R J. 2007. Seasonal changes in verte-
brate immune activity: mediation by physiological trade-offs. Phil
Trans R Soc B, 1 —19.

Matarese G, Cava A L. 2004. The intricate interface between immune
system and metabolism. Trends Immunol, 25. 193 —200.

Matarese G, Moschos S, Mantzoros C S. 2005. Leptin in immunology.
J Immunol, 173. 3137 -3142.

Moret Y, Schmid-Hempel P. 2000. Survival for immunity: the price of
immune system activation for bumblebee workers. Science, 290 .
1166 - 1168.

Nakamura H, Koud K, Tokunaga R, Takeuchi H. 2004. Suppressive
effects on delayed type hypersensitivity by fasting and dietary restric-
tion in ICR mice. Toxicol Lett, 146 259 —267.

Nakamura H, Kouda K, Fan W Y, Watanabe T, Takeuchi H. 2001.
Suppressive effects on allergic contact dermatitis by short-term fast-
ing. Toxicol Pathol, 29 200 —207.

Neuvonen M D P T, Salo M D M. 1984. Effects of short-term starvation
on the immune response. Nutr Res, 4. 771 -=776.

Nohr C W, Tchervenkov J I, Meakins J L., Christou N V. 1985. Mal-
nutrition and humoral immunity: short term acute nutritional depri-

vation. Surgery, 98. 769 -775.



inica

O O OO Acta Theriologica Sinica 1 1 U 0 Acta Theriologica S

378 oK

35 %

Norris K, Evans M R. 2000. Ecological immunology: life history trade-
offs and immune defense in birds. Behav Ecol, 11 19 -26.
Nussey D H, Watt K, Pilkington J] G, Zamoyska R, McNeilly T N.
2012. Age-related variation in immunity in a wild mammal popula-

tion. Aging Cell, 11, 178 - 180.

Owens I P F, Wilson K. 1999. Immunocompetence: a neglected life
history trait or conspicuous red herring? Trends Ecol Evol, 14 .
170 - 172.

Rolff J, Siva-Jothy M T. 2003. Invertebrate ecological immunology.
Science, 301, 472 —475.

Sapolsky R M, Romero L. M, Munck A U. 2000. How do glucocorti-
coids influence stress responses? Integrating permissive, suppres-
sive, stimulatory, and preparative actions. Endocr Rev, 21, 55 —
89.

Savino W, Dardenne M. 2000. Neuroendocrine control of thymus physi-
ology. Endocr Rev, 21: 412 —443.

Schiiffler A, Schélmerich J, Salzberger B. 2007. Adipose tissue as an
immunological organ: Toll-like receptors, Clq/TNFs and CTRPs.
Trends Immunol, 28: 393 —399.

Schaible U E, Kaufmann S H E. 2007. Malnutrition and infection:
complex mechanisms and global impacts. Plos Med, 4: 806 —812.

Sheldon B C, Verhulst S. 1996. Ecological immunology : costly parasite
defences and trade-offs in evolutionary ecology. Trends Ecol Evol,
11: 317 -321.

Smith K G, Hunt J L. 2004. On the use of spleen mass as a measure of
avian immune system strength. Oecologia, 138 28 —31.

Smits J E, Bortolotti G R, Tella J L. 1999. Simplifying the phytohae-
magglutinin skin — testing technique in studies of avian immunocom-
petence. Funct Ecol, 13: 567 —572.

Steiner A A, Romanovsky A A. 2007. Leptin: at the crossroads of en-
ergy balance and systemic inflammation. Prog Lipid Res, 46 89 —
107.

Trayhurn P. 2005. Endocrine and signalling role of adipose tissue: new
perspectives on fat. Acta Physiol Scand, 184 . 285 —293.

Walker E P. 1968. Mammals of the World. 2nd ed. Johns Hopkins
Press, Baltimore.

Walton J C, Weil Z M, Nelson R J. 2011. Influence of photoperiod on
hormones, behavior, and immune function. Frontiers Neuroendocrt ,
32: 303 -3109.

XuD L, Liu X Y, Wang D H. 2011. Food restriction and refeeding
have no effect on cellular and humoral immunity in Mongolian ger-
bils ( Meriones unguiculatus). Physiol Biochem Zool, 84 (1)
87 -98.

XuDL, Tian YF, LiRS, LiHT, Sun X N, Wang Q B, Shi J, Zhou

P, Sun X L. 2014. Stochastic food deprivation increases cellular

immunity in Kunming Mice. Health, 6: 1099 —1107.

Xu D L, Wang D H. 2010. Fasting suppresses T cell-mediated immuni-
ty in female Mongolian gerbils ( Meriones unguiculatus). Comp Bio-
chem Physiol A, 155 (1), 25 -33.

Xu DL, Wang D H. 2011. Glucose supplement reverses the fasting-in-
duced suppression of cellular immunity in Mongolian gerbils ( Merio-
nes unguiculatus). Zoology, 114 (5) . 306 —312.

Xu D L, Wang D H. 2006. Seasonal changes in immune function,
body fat mass and organ mass in Mongolian gerbils ( Meriones un-
guiculatus) . Acta Theriologica Sinica, 26 (4): 338 -345. (in
Chinese)

Xu D L, XuL X. 2015. Effect of food restriction on immune function
in the striped hamster ( Cricetulus barabensis). Acta Ecologica Sin-
ica, 35 (6): 1882 -1890. (in Chinese)

Xu D L, Wang D H. 2012. Advances in ecological immunology. Acta
Ecologica Sinica, 32: 6251 —6258. (in Chinese)

XuY C, Yang D B, Wang D H. 2012. No evidence for a trade-off be-
tween reproductive investment and immunity in a small mammal.
Plos One, 7: 1 -11.

Yang X P. 2004. Laboratory Manual in Animal Physiology. Higher Ed-
ucation Press, 91 —94.

Zhan X M, Li Y L, Wang D H. 2009. Effects of fasting and refeeding
on body mass, thermogenesis and serum leptin in Brandt’ s voles
( Lasiopodomys brandtii). J Therm Biol, 34. 237 —243.

Zhang Y Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman J
M. 1994. Positional cloning of the mouse obese gene and its hu-
man homologue. Nature, 372 425 —432.

Zhang Z Q, Wang D H. 2007. Seasonal changes in thermogenesis and
body mass in wild Mongolian gerbils ( Meriones unguiculatus ).
Comp Biochem Physiol A , 148 . 346 —353.

Zhao Z'J, Wang D H. 2006. Effects of photoperiod on energy budgets
and thermogenesis in Mongolian gerbils ( Meriones unguiculatus). J
Therm Biol, 31 323 —331.

Zysling D A, Demas G E. 2007. Metabolic stress suppresses humoral
immune function in long-day, but not short-day, Siberian hamsters
( Phodopus sungorus). J Comp Physiol B, 177 339 —347.

R8s, EfEfR 2012, AR AeE Tt R AR, 32:
6251 —6258.

TRTESL, fRokAE. 2015, SRR PR AT RERE . AR
B2, 35 (6): 1882 -1890.

KRG, EALEE. 1998, kT2 E LA AR A R I K. b
AU MR RRAL, 221 -238.

KSR, EMEE. 2006, KNV EAREEDIRE . MR & FIG B &
2. B, 26 (4) : 338 -345.

fen





