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Sex and seasonal differences and energetic cost of phytohemagglutinin re—

sponses in wild Mongolian gerbils ( Meriones unguiculatus )
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Abstract: To evaluate the season and gender differences, as well as the cost of mounting phytohemagglutinin ( PHA) chal-
lenged immune response, we measured the variations of body mass and resting metabolic rate (RMR) before and after 24 h
and 48 h by injections of PHA and PBS in male and female Mongolian gerbils in different seasons, as well as the changes of
increased foot mass and the total number of white blood cell counts (WBCs) at the end of the experiment. The results
showed that 1) Increased foot mass (% ) was significantly increased in PHA — challenged group than control gerbils in ei—
ther gender in either season. The total number of WBCs was higher in summer than winter. 2) Body mass was higher in
winter than summer, and males were higher than females, but no different at different time points within PHA — challenged
and control gerbils. 3) RMR was higher in winter than summer, and males were higher than females, but no different at
different time points within PHA — challenged and control gerbils. We conclude that the PHA responses show significant
seasonal differences in wild Mongolian gerbils, but fail to find marked sexual differences and energetic costs, suggesting
that such short enhancement of immune functions may be related with wide fluctuations of environmental conditions (ambi-
ent temperature and food availability) and animal’ s reproductive cycle.
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Verhulst, 1996; Owens and Wilson, 1999; Rolff and
Siva-Jothy, 2003 ; 7 &58 F1 EfEZ 4 2005), A&t
Sy BCAK R AN [6] AT RE 5 3h W) S g D RE I 2 MR 2% S
7 (Nelson and Demas, 1996) ., sh¥4e+5e 4t H
SRt i BA RNy XS Ry
(Ecological immunology) FI#EfLfE2% (Evolution—
ary immunology ) MY 3 % [A] @ 2 — ( Sheldon and
Verhulst, 1996; Owens and Wilson, 1999), {HZ54&
AR 25T S MTRE 2 I 5 S 9 D) B 1 2= 9 28 AL Y 4k
AR (Martin et al. , 2008) . /NEVIRTZL 34 1) 4
JEDNREAFTEZ= TR 8, (HZ M e bR xs =35 1%
B2 B 2 BN Rl (Lochmiller et al. , 1994
Moshkin et al , 1998;
2000) . BR TR, —Le /NI FLEh P g
DREWAFTENE N 22 5, 3X ] BE 5 S I X f 3 T RE e
THIYE A & (Nelson and Demas, 1996 ; Klein and
Nelson, 1998; Bilbo et al. , 2003) ., HTHJ, MAE=
PR AT 5T 4 e AR 1 0 ) B RE e A Y 52
B, FE >k BF %2 ( Noris and Evans, 2000;
Ots et al. , 2001 ; Martin et al. , 2003) , Xf/NEYIHF,
S RIS AR Th T AR S D T, R AL il v AR
H (Keyhole limpet haemocyanin, KLH) %t J& 4 ##%
INER (Mus musculus, Demas et al. |, 1997) . #3-F4T
M2 (Sheep red blood cell, SRBC) 4bH H 2 R
( Peromyscus leucopus , Derting and Virk , 2005) FlfzE
HRE ( Clethrionomys rutilu, Radwan et al. , 2006 )
Ko N % BR AR A AL B A G B OB ( Lasiopodomys
brandtii, Cai et al. , 2009) J&, X265 ¥ # 1AL
% (Resting metabolic rate, RMR) &g 3 7+ &,
w R S e ) R U B i Re s, (HlRAAR
[F] W15 (Réberg et al. , 2002) , FE40 B4 5 A 0%
S5, FY ML#EEE  ( Phytohemagglutinin, PHA)
SN TR W — A8, P S A AR
B R 2H 2 G PR AR R R I A 5 Bk AU 1Y S A
B, £ 525 (Smith et al. , 1999; Tella et al.
2008) FIMFLZE (Derting and Compton, 2003 ; Bel-
locq et al. , 2006; Xu and Wang, 2010) H# A KL
N . Martin 25 (2003) YT R4 ( Passer domestic—
us) MURFSE RN, 145 PHA )L RMR B 3 &
HPrEFEnae s 5 BB I ny B A Y, (|
TEBPAN R AT, 1 JC G T/ B L 3h W /Y AH 5C BF
£

KINVP B ( Meriones unguiculatus) F&—Fp FEJE
PEWG UGS ¥, HE SRR 32 200 A T I Kty 7 Ji

Sinclair and Lochmiller,

DX AR 5% 11 3 1 e B R S R e BT % L 1S £1%) R S A
HoE, WSO R S —HE S MER, R ACHR, P AR Y
WEABNKREY, AFETRRH (EBESE,
1998) . FRATHCHETABF SR BT, KV LAY ™ FAhE
3. ARREF i 5 AU S s ) ARG W R
Wesh, 2#FRFFHTHEE (KERE, 20065 5K
HoR A EfE4E | 20065 Zhang and Wang, 2007) , 2%
A B ME B PHA KW A B R B 20 (Xu
and Wang, 2010) , ARCEEINGMHAT, YL PHA E
AN, W E T KD B PHA S % 2% 715 F#
PRI 22 5 K PHA O Re s A A FRATT . 1)
WA VD BRI PHA SO T4 2= 0 £ vy, ME Ry
THER; 2) TR EFEZELT, R BE W
e b E e AU AR
1 BRIk
1.1 SRz

T 2004 4F 8 H LAy (%) 200543 AL
B (&ZF), NS RIMFIEZE 8 700 15 1
ICAFE MEME PR KONV B DA AEAE S b4, B8 i)
IR, EEWNEN 2 ~3 dJ5, B 2=kl IO A 1
MERAS 12 H, & ZE AL e 0 UAE M i R A& 10
1555y PHA Ab B 41 F R £h 2% b W ( Phosphate
buffered saline, PBS) X &4 ( 4bsE 3 s S By
AFEREMMER ), B2 MA T 0% IR 35
18°C ~22C M 2°C ~6°C, ¥ RHHAKNE, B I
PV B B 0 B A B, 456 A D7 AR fR
uli R AR SE PR 0L, AR 8:00 ~ 10: 00 7R
NEBCE 1815 oIl ( Elymus dahuricus) |
15 gL £ ¥ (Aneurolepdium chinense) N F, 124
Hp Ze eSS oKL ( Triticum spp. ) B
P AT e, & FEIRE/NE BT
SERY, FREYRES dE, Wik E TR
FRERE o
1.2 RMR #il5E

FER—ZE T TEST PHA Z 0T ("2 M 0 h), S
3 P U A T g W R AL AT B B i X A
(30°C +1°C, Wang et al. , 2000) 5 H RMR {f
(Zhang and Wang, 2007 ) , /K #HE, PERE (KR
3.6 L, I KOH 45 ik i e Wi i 1 28 N 9 CO,
Ky o SLHETSE L A0 2 IS NI b, fRER
EfE, HRic AR E, B S min i —IK, &
e E 1 h, BEHCRER 2 & 2 R ALE A
RMR, JrA AR B E b R AT (0°C A 1
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HKME RMR J5, 4 70% &AW E &5,
FESE 5 20 B W AF — M 2 Bl AL ST 50 pL B9 PHA
(2.5 mg PHA & F 1 mL KE Y PBS ) X 2
SP25 R K S B9 PBS (0. 01 mol/L, pH=7.2); *f
WEZH B ) — M & 1 S K TS /9 PBS 50 L, X il 2
AVEFHEATY i, 24 h A1 48 h J, T4 5
YK RMR .,
1.4 40 0 A B0R 2 5 AY I E

M52 fe Ji — U RMR J&, 37 B B 851 4k 38 3h 91
W, A WA B20 wLiy i, % T 0.38 mL
0B B (VKBS R 1.5 mL, 1% & H 2R
1 mL, HZEMWKEREZE100 mL) H, IR,
#ik 2 ~3 min J5, BC—IE WA, TETE 0K TR
b, PGS T UWE (100 x ), 84 SR
FEAE R, HAM R = 4 D KRITHE NI
FIATHEL x 50 (A/mm’ ), ke iR 2%, %
R — NHEAT#RAE . 205, T B 5G4 4 17 5

B 2H A A Zh Y O e B s 2, T R PR E
(£0.1 mg),
1.5 Giitor#r

FH SPSS # {43 (SPSS 13.0 for windows) #EAT
B Ab B, 22 w25 40 A KO & e
(Mauchly’ s test of sphericity) A, AbPREFE] (7
GHAT . WSS 24 h H 48 h) 5 FAT . MRS PHA
A B S G U B AT RMR A8 52 0 41 I 22 8] JC A 5%
P (P>0.05), SCHINLFEA ¢ K5 (Independent
samples ¢ test) HCE AN | A FEMED] K4 PHA
1 PBS Ab B 5 [A] — i 5] 55 8 #) 4% B RMR 9 22
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8 NSFpha
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G & AN A [6] I [a] 530 P 4K 8 F RMR (1) 48
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(Three-way ANOVA) | 40 Jifg 850 LUK &k P48 &t
FA=NEW I 258 (Three-way ANCOVA) BEfT
giit. SCPBEYLCEEE £ ARUEIR  (Mean = SE)
FIR, P <0.05 NEFBE,
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Fig. 1

Effects of season, gender and phytohemagglutinin ( PHA) challenge on increased food mass (% ) (A) and the total number of white

blood cells counts (WBCs) (B) at the end of the experiments in Mongolian gerbils. Sample size in summer, n = 6 per group; Sample size

in winter, n=5 per group. S =Summer; W = Winter;M = Male; F = Female; pha = Phytohemagglutinin; pbs = Phosphate buffered saline
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x1 EYNEELEBEXNKND REEMHERFRHOE W (FHE RER)

Table 1  Effect of phytohemagglutinin immunochallenge on body mass (g) and resting metabolic rate (RMR) in Mongolian gerbils (Mean = SE)

0h 24 h 48 h FH P
F value P value

e R PHA 47.8 +4. 4 48.3 +4.4 47.4 £4.0 0.011 0. 989

CES Male PBS 43.6 4.0 44.6 4.2 43.9 £4.0 0.013 0. 987

ki Summer Ik B PHA 39.4+0.7 39.3+0.7 39.4 £0.7 0. 019 0. 982
Body Female PBS 36.8 1.0 36.3 1.1 36.2 1.0 0. 100 0. 905
mass T B PHA 61.1+5.0 61.3+4.9 60. 1 +4.2 0.019 0. 982
(g) &7 Male PBS 57.2+6.6 58.5+7.1 58.0 6.8 0. 010 0. 990
Winter HE EL PHA 4.7 £1.9 45.3 x2.1 45.2£2.3 0. 023 0.977

Female PBS 41.5+2.2 42.5+2.0 42.1+1.8 0. 070 0.933

T R PHA 109.0 +5.0 108.5 +13.2 107.9 +11.5 0. 004 0. 996

HE Male PBS 103.1 7.3 103.2 +5.8 105.0 9.7 0. 477 0. 630

o i Summer HE R PHA 82.2+8.3 87.4 £4.0 86.8 +7.7 0. 166 0. 849
RMR Female PBS 92.0 +6. 4 85.3 £4.6 94.3+4.5 0. 807 0. 465
(mLO, /h) Tk & PHA 137.9 +14.2 147.3 +17.9 167.3 £22.4 0. 661 0. 534
) &7 Male PBS 143.7 £23.5 111.3 £12.5 180.2 +£33.2 1. 967 0. 182
Winter HE R PHA 111.0 +12.5 126.2 +18.3 118.9 +16.6 0. 257 0.778

Female PBS 119.4 +6. 4 113.6 +10.0 113.7 £10.5 0. 760 0. 489

HEKU, n=6; £FHK4l, n=5. PHA = YWMEH; PBS = BMIL LW
Sample size in summer, n= 6 per group; Sample size in winter, n =35 per group. PHA =Phytohemagglutinin; PBS = Phosphate buffered saline
®2 FT, EINEYOLRRLENKMDREMENOHAE SB MM
Table 2 Effects of season, gender and phytohemagglutinin ( PHA ) challenge on increased food mass and the total number of white blood cells counts

(WBCs) in Mongolian gerbils

FAH P {8
BN Effects Jr#EZ M SS df Yo7 % MS
F value P value
S 0. 014 1 0.014 0. 999 0. 327
0. 007 1 0. 007 0. 507 0. 483
P 0. 072 1 0.072 5.347 0. 029
JEH T Increased S x G 0. 008 1 0. 008 0. 585 0. 452
food mass (% ) S x P 0. 002 1 0. 002 0. 160 0. 693
G x P 0. 000 1 0. 000 0. 003 0. 958
Sx G xP 0. 006 1 0. 006 0. 432 0.517
Error 0. 338 25 0.014
S 945887545 1 945887545 19. 159 0. 000
G 86837 1 86837 0. 002 0. 967
A P 385673409 1 385673409 7. 812 0. 008
WECs S xG 19812866 1 19812866 0.401 0.531
S xP 26024722 1 26024722 0. 527 0. 473
( x10°cells/mm’ ) G x P 59648890 1 59648890 1. 208 0.279
S x Gx P 36568901 1 36568901 0.741 0. 395
Error 1727966719 35 49370478

S =29, 6 = My, P = Yy IMBE £
S =Season; G = Gender; P = PHA

. F 4 B R LA S 1 R AR

3 3t KTb B 40 i 1 80 55 PHA 30 4 s T
2 PHA HEGTALER, KIRWEMEEM AN B4, EFESTAS, Xl ies 25 R HE T

(9 My B B, AN SO B TR, MW ERIRAEE ., ROTWEANIE T 3 A

{1 PHA ZbF3F RMR JCE60, UMK RIS RA 18 AT, 3 A Or KR v B ZE 3 10 36 55 KUK

NSMRPE NGB LR, HEENES, Rl &L, UKEVHENEY NG, SYRERE, W
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MERSMATRRS B W R e T R 8 H
MTRRM, BYES, WA R eEIRENE
Mo BT, MERIRY R PHA AT 09 %
Y222 (Xu and Wang, 2010), TiHEMEK
JVP B b 9t KLH ST iAr) & A& FRE &S TA
F (SRR L L 2006) , XU, KN R
TN RN = AR RS M AR, TTRES
RUmf A2 ALy Z AR T A G, eAh, B ESE
A REE R S Y S e IR p) — DRI R, — L85
R, NI FL S W) BRI e T RE R R, AR
HE W e E DI RE Y 5 (Lochmiller et al. , 1994
Moshkin et al , 1998;
2000) , Boonstra 5§ (2001 ) Xfdt#% 2 B ( Sper—
mophilus parryii) WIHFFE K B, TE AT GE X A7 T 16 AR
P I ST, A I B2 3 U 3 O P N R
B, TESRPEREI T, 25 BOH i AR e B, 140
JH LU 25 S5 AT L 40 B S f D W TR A A Y 1
i 2 Hoob b S0 R B0k 1Y SO RE T e 5 5 AR B
Bl 93 ) e e S B A 4y B ) 3 B Ay T R R RN
KRV BB HEGER 3 ~5 A0 M9 ~10 H ik
¥, A2 ARS S5 %M (2 RV,
1982; LA ZES 1998), 3 AH KNV RAabF %
FERI, 8 Oy AR IR, B =AM T Y
P2 7 WG B T BE 5 BEAHE BE ) R I s A G, A F
FEINA, 25 FC ]y ol e B S D ) 5 R o ) Ao
SRR S D RE A IR, P DL 2 B
2 R0 R R S e D RE , (H X 22 e ] A 5t H
S ( Microtus pennsylvanicus) F1H.HC 6 B #5 B8 H R
( Microtus ochrogaster ) B #F 5%, FH A L HF LA M
AU, TEPIAS PR oK e R G2E RE T A R S 2
5 (Klein and Nelson, 1998) . 1+ JN¥» 5 A% G5B
JE oy — e 22 ), BT A I A SR S ) B
AR IHME 2E 5

PHA 2 —MAYEHE R, EREA S T AL
HE AT 22 53 %8 R 3k W BT 40 6L R A i ) 4 FH S
S5 R BB A2 S RE A O Y HE IR 2 R R A
N ZAEPRRE T W T S 2E S (Smith et al.
1999; Martin et al. , 2003) , F PHA JRACER & 4 &t
A SRR Gy, BB X 15 S0 9% F AT O A RE AR p E
A, 5 R A AR B g K R BB R A 45 B
HARMIEK (Smith et al , 1999) . SRili, X F
P 2 m BA R AU X — R, A5
Wo SR, JTE Y IO 25 X 2 A R 3 A R 1L AR
(Parus caeruleus) B3 AE AR I M (Svensson

Sinclair and Lochmiller,

et al. , 1998) , {HIE 4t PHA 7] {fi jR4E ) RMR 3%
$&m (Martin et al. , 2003), 7EVRW S 07 M, TF
& KLH B9/ R ., H RMR #2535 27% (Demas et
al. , 1997) ; Derting Fil Compton (2003) X} H /& [
BFSE R, SXTRRAAAA L, 252 S ki iy sh )
R R R BE 22, (BN ML
T B AR AT IIA Ry, R SR A B
A YRR RE AU, XK T S O AR, JF
A 3 o8 96k 2D 3 i 2 At A B R G0 1) B R Ol Tl I g
IR, S PHA J5, KT EAY RMR ZKFJC
B2k, REA G B2, XS
BB R AL FNIRAC, WA RSN
2 DI RE A A0 3G 5 AK N, AT RES PHA J L 9
B A 2% 11 00 i 06 (L Y B TR AS W) G Bel-
locq 5% (2006) X 10 F 352k 2 20 ) (1 B 58 3R 9
M PHA 47319 % 9% 0 1932 B I Bk, xF T2k
T T3 J5L 2 Bl 3 /0 BAR /D SRR e Tt 2 AL ) 1 )
M, PHA RN A g D (0 BB, Xk T A9 T
Joa S A ) 4 2o B R R A 0 R B ST
AZH PR, PHA JCRNIEIR , il i 2 157 52
WUEN], 24 PHA ZL¥JS, BRERNARF LR H
2 P 50 i B o T SIS ) A SE KT AR A, B PHA
S (0 RS N 5 3 R Y i ) A DG, (B PHA R
NSRS AR, R A S TR R R R
g5, o WO SR RS R IE Y 2 4> (Martin et
al. , 2006) ; XXM EME ( Tadarida brasiliensis)
PIAFSE A B, 28 PHA AR5, AN [A) 28 80 (240 f Y
B ) TS AR B R K B X B B, (E Ik T 4
it g v R 0 L ) R B B B A ROC R
B Y (R R TS5 12 b, Je &t TR
J5 24 h (Turmelle et al. , 2010) . F& 1A 52 56 %%
RMR Il 5 B 6] 7 9 PHA VESSJ5 24 h fil48 h, R4
BAGIT 24 h i 2 H A AIELCE, H48 h )52
o YRR BE RN 40 M A AR i R 2 T R4 B
Yo B, XD ORI, 33X S a] B i BE &
BELRY . PHA 10 S e BF A= sy e 2 2 fE e IR Y
— Nebr, HAREHLEEC N B 2% (AR AR
et — 2L B IRADTSE

B2, FRATY 25 R A8 s AT B 40 A Y
R BAFENAA, MR s A AU
M RE B2 AU, X AT RE S HAE TR ML) Z A A
A Ve K S BHEAR A OC, B PHA A3 1Y g
73 (R JE 913G 5 T BE AT B T 28 RN HE BT RIS B A 1 BR
BEacA, AR 1G5 A T BN 21 5 1) 32 107 FR 42
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