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Effect of food restriction on immune function in the striped hamster ( Cricetulus

barabensis )

XU Deli, XU Laixiang "
College of Life Sciences, Qufu Normal University, Qufu 273165, China

Abstract: The immune system protects animals against environmental pathogens, and hence it plays an important role in
their survival and fitness. However, immune function is influenced by many factors including food availability. Small
mammals in the temperate zone often face fluctuations in food availability, which is important to their survival. Changes in
food availability may have a great influence on an animals’ immunity. Some investigators have examined the effect of reduced
food availability (i.e., food restriction) on the immune function in small rodents, but their results are often inconsistent.
Food restriction could depress, enhance or have no effect on immunity in different species. In order to clarify the
discrepancy between results, the striped hamster ( Cricetulus barabensis) was used to examine the effect of food restriction
on its immune function. The striped hamster is a major pest rodent in northern China. It is granivorous, nocturnal and feeds
mainly on plant stems and leaves during summer and forages crop seeds in winter. The climate is arid and characterized by
warm and dry summers and cold winters. Thus, the species experiences great seasonal fluctuations in temperature,
photoperiod as well as food quality and availability. The question we focused on in the present study was how the immune
function would vary in the face of reduced food availability for hamsters. Nineteen adult male hamsters were randomly
divided into the fed ad libitum group (Fed, n=9) and food restricted group (FR, n=10) (90% of baseline food intake ).
The course of food restriction was 21 days. Hamsters were injected with phytohaemagglutinin ( PHA) and keyhole limpet

haemocyanin (KLH) solution to assess cellular and humoral immunity, respectively. Our goal was to test whether food
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restriction would suppress cellular and humoral immunity in striped hamsters. Body mass in the FR group decreased
significantly after 21 days of food restriction, whereas body mass in the Fed group did not change significantly. Body mass in
the FR group was significantly lower than that of the Fed group after 10 days of food restriction. Food restriction significantly
reduced perirenal fat, perirenal fat content, retroperitoneal fat, total body fat, and wet spleen mass in the FR group
compared with the Fed group. However, it had no significant effect on the wet thymus mass or white blood cells.
Immunoglobulin (Ig) G and IgM concentrations were reduced significantly in the food restricted hamsters in contrast with
the Fed control group, which indicated the suppressive role of food restriction on humoral immunity. PHA response did not
differ between the two groups, suggesting cellular immunity was not influenced by food restriction. Food restricted hamsters
had significantly lower serum leptin levels than that of the control group, while corticosterone levels were not affected by
food restriction. Taken together, our results suggest that different components of the immune system respond differently to
food restriction in striped hamsters. Humoral immunity was suppressed in food restricted hamsters, which might be due to
their lower body fat mass and lower leptin levels. In the face of food shortage, striped hamsters might be more prone to

extracellular pathogens and their survival capability would decrease.

Key Words: food restriction; humoral immunity; striped hamsters ( Cricetulus barabensis ) ; phytohaemagglutinin
(PHA) response

B RGAE S YIBT 1E B8 D PREE T A BE AN | 0 A AR i vl R B OCH R 2 B A
A A F ORI BRI e T RE e e S AE AP RN R Z — B REAE — & T2 E IR sh iy
HAERE S RSB S E G . S S e T RE A R AR 2 | T ) 4 AR A T R A 5
MR R — SRS RS T B AT R P R /N R 2L 3 4 G 2 Ty R A S o, (At ] ) &85 SR A7 A 22
SRR R ST R BB Y BRI S e RE T o BRI RIRL AT hE 2 1 BL( Peromyscus maniculatus )
AU 0 S8 R I T3 e R TSR SR VR T A 1 B A 450 L 8 5 L g i Az BRI A
SRS T BALL B 2 B ( Phodopus sungorus ) W 4E 3R 788 S5 M Iz i, 1B G BR AR T I S0 )8 T RE e A 52
Mo, AEURMA K A BL( Tscherskia triton) BREACIRSS  FCMEME SR EAT BARGE RO 7, PRI s D REAE PR &
(/N R Az B T T e PR A i R T B SR SRR SRR, A BORIF AT R B ) B A e B RE RS
S I RE 191 AN AE g PR AEHE R B 2 4H ML A A H L A SR R A5 41 B3 (natural killer cells, NK) {4k, If:
HAnax} 7] 5.2 A(concanavalin A, Con A) Flflig 8% (lipopolysachride, LPS) 345 I i i #1458, BR
BRI A T R TR AR g T ae " o SR, K R AN Y BR A AR Wi T B ( Merdones
unguiculatus ) WA S RE AT T 09 S BE SR ), R Yk BRI ST 2598 AN — S, R I 75 6 5 22 49 b 1
AW

BLABL( Cricetulus barabensis) & EIILT7 1Y FEZAON F B, EH P W7 520 E M & WA 04, Z 9 F
NATHESN ), T B DAY ZET N &, LB U AENE R T ™ BE RN EEF
T T 5 (Wi Fe e ik 42.6 °C) | & 2898 (M e AR —20 “C AR ), BRITTZ ) Fh 28y IR B IRLEE O JE I A Je
EEY TR R S AR Y NI DG T A I R 224 THT I £ 4 T R v R AR 2R 2R R Ge e D REH
23R TERERAE AL R gk T RS Bl AT B A B ) % R e G e 52 i LA B8 [N Bl T M A g
2FA R PR H Ay A AN AP RSN 25 A AT 5T 2% BH BR A nT BRI SR 2k 6 R0 L AR 2R (basal metabolic rate,
BMR) Ak B EH4: 744 ( nonshivering thermogenesis, NST) '™ by bt {1515 PR £ ) B 2 1 i) SE2E 60 BG40 i G 28
R 2 T RE

1 #FRFnFix

1.1 SEEXT4
ARS8 A P 08 A P PR LR U H T L R4 il BB LAl (35°46.275'N, 116°59.976'E) , %N HL

http ; //www.ecologica.cn



1884 JAE = 35 %

(30 emx15 emx20 em) fAlFEF 121 12D BOGEIARI(21+1) CHRIERM T, MR R, & sk
BRFEDRLR (5% 7 R B sh i g oy ), A BB REROK
1.2 Lkt

IR ERE S K 19 RBUEREMEREDL AR B (FR) (n=10) A BHREH (Fed) (n=9) , B
A BBy e ol LU SR (S IR 2 AR A8 ) T, P B S A s A R Sy e PR Ak 5 AR o o R
SIIAET K IR E R E N 90% ( A FEUE ) 90% ) ,ALBREE] R 21 d, FR 41 10 Heh# 4 2 d e =2
ey, LN E 6 d, AR THE I R T3 i (R EE Y i) FR A5 RIREY& h Ji
WEEPIRA 90%, FR M FR, /M HMCEREE 0.0 K,
1.3 4 S i Il e

) A ERVEESE 2 (PHA ) S 2R Wi 2L 3h 42 40 e D RE B AR A=), PHA B AT E 2% Xu Ml
Wang w5 vE ) 1E FR,,, BCH H B 2 AR B 2 Y SR LR 6 B, 0 H 7 435U ( Mitutoyo  Absolute cod.
547-301, HZA)ME SRR EEBMEE B ZE+ 0.01 mm) , H] 75% 0545 % R 845, /5 76 28l
Qb7 ST 0.03 mL 7 0. 1 mg PHA (PHA-P, Sigma L-8754) () JCIE PBS & i (pH 1 7.4) ,6 .24 48 h J5 435
WA R R PHA RV AT RA RN . (VRS G 2 SRR - G R R R ) /i S e 3R A H
SN E 6 WK, fiem B 6 Yl e By e
1.4 RS nyil e

A 3 3 R S P (A B SR AR L A (KLH) SR I R I B A R 8 1) T 32530 5 1 e e 3 4 1) AR ik
GgE g™ TS KUH( Sigma LH7017) BB E] R AR SESHIRT 15 d (FRy) , #5808 F ST 0. 1 mL # N
0.15 mg/mL B KLH 5 (8 T RE A BELK) , 5 d(FR,,) .10 d(FR,) J& , FHIRBE B )75 2B 29 0. 5
mL, BUALEHHE 20 WL ML, 7T 0. 38 mL H AN R, T A 4ui s B e (PP 3RS 1.6 1
AAMUEAINAE ), A B Tokia T, 1 h J5 7E 4000 r/min 4 °C 2514 F 8.0 30 min, BTG4 T80 °C vk
FETPRAE T RIHT KLH HUARA M s 55 KLH 15 d J5 (FR,, ) Zb3Eh#y , S0 U I F 4% b ik 97 2= 4045 1
i ,-80 CUKFE T RA: , T EDT KLH HoiA 8 28 DL R SR 7K S, 36 Bk 6 B iy st [) 8 32 2 2 3R A5 Ba 8
BRAEE M(IgM) F1 1gG WAL, IgM 25T KLH 55 AR B9 S BRAEE 1, 1eG J2 KLH PR 7 A= i P 3 e e
BREA,

P KLH B E L (6 KLH 3% 0. 5 mg/mL IR EEIE T 0. 05 mol/L Na,CO,-NaHCO, 2% Wi , pH
{8 9.6) LI%EFL 100 L AR 96 fLEGIRMR 4 C 3%, FHYEERI (% 0. 05% Tween 20 [W#EIRERZE 0, pH
{8 7.4; PBS-T) iifLPEYS 3 i, BHK 3 min, FFLNINA 100 wL 5% IS UK (7T PBS-T) ,4 °C i3k, L/
eRr TR A, SEEPRARFLIN A 5% MEAE U AHEI Y, PBS-T 8% 3 i , AF1K 3 min; LAY INLIE F PBS-T %
1 :20 Fb i) ( i3 PBS-T) #EA7H5 B8, SR 5 I P A i AL A 150 L AR RERf it o BHMEX BERE 2 KLH J2
A2 TS I AR A B A 9 I Y () PBS-T B ) AR BF A X6 BEAE A oh KLH AR B A 286 B b OGRS 9 1t 3 (
PBS-T Fik¢) . SRJGEE LEARAR ,37 CHFE 3 h; 2RI PBS-T ¥k 3 i, BHK 3 min, [0 & FLIMA 100 pl
ThU (BT RS A BTN [eG L, 1:2000 (9 LI PBS-T #6i B, Cappel, Durham, NC; o3 i P w iR i
RO RPN IgM, 2 1:500 A4 LI PBS-T Hi#&, Cappel, Durham, NC) ;¥ EEtrMEr FJ5,37 CHEF 1 h;
SR )5 F PBS-T Pki% 3 3, £:IK 3 min, AFLINA 150 wL ) XF Al FE AW R [ Sigma Chemical , St Louis, MO
(WEJESE: | mg/mL, 6T L BEREYZE W) 1,37 CHREOEIFE 20 min, EFLANTA 50 wL 1.5 mol/L NaOH %
E{&,fiﬁ@?gﬂ:o Eﬁﬁ*/ﬁf)‘(J:(Tunable Versamax microplate reader)iﬁﬁ@ﬂi{(ﬂﬂ 405 nm R ﬂﬁﬁ'ﬁ{ﬁ,/l\ﬁé
AL 2 R, HU KLH Hui S FRE S AGIROE 5 PHAE T BRI (A DR s
1.5 #RE s

TH RS % X M Wang BT SIALSE)G P 4385 I8 I 8] (948 (B I 4120 (IBAT) BRI, B 5
Sy U SO IR R AR I B BB MU S BEER EORS R SRR A R IR A Y 4 4

http ; //www.ecologica.cn



6 4] TRPESL A5 R IREI R G R EE I RE R 1885

SURIRRIT , 7EU8 AR B T4 B R I A LS FRE A3 0. 001 o) , b de B BEEE . G S 00T AR, 43 51 53
EE N E W SN0 E R S A SRR, o BRI A N R A
Yy B BN S5 RN, )5 R FDT 2R BRER K e 22 N =), B R AR R T 3R mi K
OyJE PREE AMEON AR EEEE, Ak, /N0 MO KR IR AR RIS IS L SR A RO s R AR 5
X 5 W AR Y B A EARE AR T O R A S R AR R B L2
1.6 FANEER N &

£ FR,, JFR (FISCEGZE SRS (FR,, ), 40 500 F AR RE R it LA K S8 Bt 19 77 v LIt )5, TG 20 ol i ¥, ¥
T 0. 38 mL ARG R % 1.5% BIVKIRTR , 1% JEIB 5 (Sigma) | o, I 48R 0IR ), — B )5, SR 5 B
20 L FREE /N O AE O BOR 5 3R 1 iRk b ZEARAT A T (10%) W&, JF F skt 4 1155
DU £ DU KA P B B AR, SRS TR L 5x 107, 7585 B 1l 38+ BT 5 F A 80 (104 /1) )
L7 MR R KB I

B sh b3t J5 Fr3RAS B ML , /N B ELISA 42057 &0 52 1175 98 25 7K F ( Cat. No. XL-85K, Linco Research
Inc., Missouri, USA) . 4ffiJ1] 10 pL #F 5 I 3207 A I 0975 B2 0. 3—8 ng/mL, TEANK I 20 BR 2 2% /N il
ELISA {7 & rh i B 52617,
1.8 LY B2 [ i 7K P A

ISP AL A I B ARAS 8 1M, F /DN B ELISA 3205 &0 %€ 1L K JBii 7K - ( Cat. No. HRO83, RapidBio Lab.
Calabasas, California, USA) . 4{f FH 10 wL £ 1205 B AG A9 75 BBl & 8—150 ng/mLL, PEANAS AL B8 5 %
/B ELISA 128057 & I 430647
1.9 Zitnk

ARSI SPSS13.0 Ge i #4441 ( SPSS package, 1998) . Ztit 4 #1Z i, Fl One-sample Kolmogorov-
Simirnov test fo B EHE 25 S IEA 0, LA E v A& R iR 0 ik e it e e gidls . Fe (AL HE PHA OB i &
FH B IE sZ e 4 5 ST PR AS oA 56 47 43, 190 v B0 E 20 R FR 2 21 %) 4 o 2 A P o 52 D00 5 1% 5 25 23 B
(repeated measurement analysis) , P TR ) 22 5 M ST REAS - K B8 AT 400, b3 B R B 4 RIFR 4
[i] B i T AR 5 A D22 i 1) 22 TR R R e PE AR AL 5 22 3 B ( General Linear Model multivariate analysis,
GLM) #4798 )5 1] Bonferroni post hoc HEATHS . HEHEFR AT IgM Fl 1gG & \WBC 8 28 1 B¢ o i v Ji2
MSTREAR (KB BEAT 34T . PHA JV IgM 1 1gG K Bt ] (Y 28 A0 1T 8 52 0 655 69 J7 22 70 e it A7 . PHA S
IgM IgG RS9 Rl lv) A AH O OC 28 FH BRI EA T o S5 R B X LA (E AR ME R (Mean = SE)
FIR,P<0.05 HESRE[TERTPLURS () Fr],

2 #HR

21 kK

1E FR,, AMBCEA MR e R ERA B EE2ER (1=-0.125, df=17, P=0.902) , 21 d [REAH)S
FR 4R T B EFEK(F, =13.583, P < 0.001), i Fed £ AR WA BE A (F, =0.670, P=
0.858), M FR,(t=-2.214, df=17, P=0.041) | FR,,(1=-2.733, df=17, P=0.014) ,FR {KE & (LT
Fed 2, 5 FR B AIREE ((30.61.3) g) ML, 21 d BREHG ((25.7+1.4) g) , FR 41 B 6 RAAE K
(4.9+0.8)g (16.1%) (F 1),
22 dwHEFE

FRE R EFRAR T RA A BB R (1= -3.801, df=17, P<0.01) ‘B JANEN & & (1=-2.179, df=17,
P<0.05) JEMEAEIE (1=-2.308, df=17, P<0.05)  &&lg (1=-2.675, df=17, P<0.05) (F£ 1) Nt
(F, s=10.394, P=0.005) JDHEBEE (F, (=5.214, P=0.036) fl E K NAEYE(F, =6.502, P=0.021)
(%£2), HEeB R i B et mEaAMA RN A BEEES (R 1,£2),
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F1 REMNBLZERSERSHIZIN
Table 1 Effect of food restriction on body composition in striped hamsters
B A R e FR( foff Eimim) IR
Parameters Fed group aroup Statistical summary
FEAREL Sample size 9 10
WIAPRTE Initial body mass/g 30.6+1.3 30. 8+1.4 ns
ZUKRTE Final body mass/g 30.7+1.2a 25.7+1.4 b <0.05
Bl A2 T Wet carcass mass/g 61.6+2.6 56.2+2.6 ns
B2 T A& Subcutaneus fat/g 0.312+0. 035 0. 206=0. 055 ns
B F e i & it Subcutaneus fat content/ % 1.020. 09 0.7=+0. 18 ns
5 NN Perirenal fat/g 0. 057+0. 006 a 0. 028=0. 005 b <0.05
% JEI NG 7 &% & Perirenal fat content/% 0.2+0. 03 0. 10. 01 <0.05
JE IS5 BE B Retroperitoneal fat/g 0. 065+0. 007 a 0.035+0.010 b <0.05
[ f5 A 2 it Retroperitoneal fat content/ % 0.2+0. 02 0.1+0.03 ns
PR F IS Perigonadal fat/g 1.289=+0. 095 0.9970. 102 ns
P JE FBUIS 5 25 H Perigonadal fat content/% 4.2+0.21 3.8+0.22 ns
1% ZZ BB Wi Mesenteric fat/g 0. 179+0. 014 0.155+0.014 ns
W 7 B AG i 2 it Mesenteric fat content/ % 0.620. 04 0.6=0. 05 ns
SRR T Total body fat/g 1.902+0. 134 a 1.422+0.170 b <0.05
RIS & Total body fat content/% 6.2+0. 28 5.40. 38 ns
[ =47 PR B AR Rl 22 5 35 ns BnEFARE
*2 RAEMNBLZERFEHENIW
Table 2 Effect of food restriction on wet organ mass in striped hamsters
280 A i iE g FREEH geitsh
Parameters Fed group FR group Statistical summary
FEAZL Sample size 9 10
JA I IR D722 IBAT /mg 98 + 13 93+ 12 ns
L Heart /mg 182+ 6a 163+5b <0.05
il Lungs /mg 254 + 17 245+ 16 ns
J i Thymus /mg 8+ 1 61 ns
JFRE Liver /mg 1182 + 46 1128 + 43 ns
JMLAE Spleen /mg T1+6a 4425b <0.01
B Kidneys /mg 434+ 13 394 + 12 ns
' I Jif Adrenal glands /mg T+l 9+ 1 ns
B XA Stomach with contents /mg 988 + 57 a 773+ 53 b <0.05
H Stomach /mg 271+ 15 278 + 14 ns
I K 254 Small intestine with contents /mg 1066 + 47 1031 + 44 ns
/M Small intestine /mg 331+ 21 345 + 20 ns
/NH K BE Small intestine length /cm 30.4+0.7 31.1+0.6 ns
H % K 259 Caecum with contents /mg 838 + 51 958 + 48 ns
H M Caecum /mg 189 + 10 206+ 9 ns
B JE Caecum length /cm 4.6+0.2 45+0.2 ns
4 lis K NS4 Colon with contents /mg 409 + 41 423 + 39 ns
451 Colon /mg 167+ 8 1817 ns
451 K BE Colon length /cm 13.3+0.4 14.120.4 ns
JHALIE T Total digestive tract /mg 958 + 34 1009 + 32 ns
BHALIE K Total digestive tract length /cm 483+ 1.1 49.7+ 1.0 ns
2L Testes /mg 1292 + 55 1305 + 52 ns
K52 Seminal vesical /mg 400 + 31 326 + 29 ns

[ —AF AR B EARFRR L] 22 57 B3 5 ns FORE A BE
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2.3 HYufe%k
KLH VR 5d =1.179, df =17, P =
e 5 PR S (¢ , df , 12 -
0.255) .10 d(¢=0.293, df=17, P=0.773) A1 15 d (t= 0 R

0.693, df=17, P=0.498) ,[RE 4L H B H B4\ Y
Mgy TR EEEZR (B 1), REH(F, =
2.253, P=0.168) Fl H B E 4 (F, 4=0.138, P=
0. 872) [ 21 L E5 AN Bl B £ sf [i] 11 A8 4k ‘ ‘
24 UG 5 KLHﬁagﬁﬂﬂ‘lﬁl/d ?

PHA 5 /) 6 h (1=-0.102, df=17, P=
0.920) .24 h(:=1.853, df=17, P=0.081) F148 h (=
-0.770, df=17, P=0.442) R4 B4 B AY PHA
RN S5X AR AREEZER, REH(F,, =
70. 502, P<0.001) #l H FIUELL(F, 4 =56.201, P<0.001) PHA [ i 3]t st i) (1 48 A< i fat 2 T B
2.5 KW

KLH $kfJ5 19 5 d (1=-1.142, df=17, P=0.269) .10 d (1=-0.624, df=17, P=0. 541) T KLH IgG ¥ ¥
TE L A B AT 25 5% KLH BEEJS Y 15 d FRE 43T KLH IgG W W T A e 4 (1=-2.241, df=17, P=
0.039) (K 2) ,MAMREL(F, (=11.714, P=0.001) F1H HEEL(F, ,=13.899, P<0.001) IgG v & kil
Al SR T T, BREREEI KLH BEEJS 89 S d(1=-0.470, df=17, P=0.644) 10 d(t=-1.675, df=
17, P=0.112) fHT KLH IgM ¥ ¥  {H 5 F R T KLH $kiS 15 d AT KLH IgM 3B (1=-2.527, df=17,
P=0.022) (K2), BREH(F, 3=2.979, P=0.076) F1H HIELH(F, ,=3.202, P=0.068) IgM kA7
gy EfsE AT

H 4%
White blood cells/(X 10°4~/L)
=N

E1 REMNBLZECREMAMEKNZN
Fig. 1 Effect of food restriction on white blood cells in

striped hamsters

O HHREHA 0O REd

2 10 2 1oy
= * = : *
o
B2 08 ¢ H—“; 08
2% 2%
%\% 0.6 + %ﬂé 0.6
22 e
539 04 = Eo 04 F
= )
'JSQ 02 % iSE 02 +
g 0 L L é 0 L L
< 5 10 15 < 5 10 15
KLHA ¢ it il /d KLH % J i il /d

E2 RAXNZELER IgG 0 IgM REHSMN

Fig.2 Effect of food restriction on IgG and IgM concentrations in striped hamsters

2.6 IMVEHERAKF

PR I 5 R AR T SR UM T 8 K (1=-2.622, df=17, P=0.018) (& 3), HMRS5HKIEE (r=
0.358, P=0.132) PHA )i} (r=-0.379, P=0.109) .IgG (r=0.295, P=0.220) Al IgM ¥JF (r=0.341,
P=0.154) BINFAEA KRR
2.7 IIE B B K

FRF X BELE 0y BRI Y B R K S B S e (1= —1.280, df=17, P=0.218) ., JZJRHE{5 PHA )
(r=-0.064, P=0.795) IeG (r=0.372, P=0.116) Fl IgM ¥&J¥ (r=0.635, P=0.003) L AFFLEFILIK R,

3 itig
55 BUY R — A REFEAR T AR R T MR INESE e o R B R S DI RE , T g i f
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LI A R TR T 0785 e 5 U R o
. _ :

B SO S RSB T b =5 4| - .
GRS BT TR R T E5 |
BRETE . 5 R AT L, R B O
P S I AL S S A e A Al BT 1 0 x J
T 0 R PR G 58285 U AR 1 A e R(isodrecton) grou

A U RE 7T B AR PN o AR (A RE ) AN 32 B3 TR B LR
RN o 5 S T £ 00 R R 2 G 2 Fig.3  Effect of food restriction on leptin concentration in
P e e Z B 7 sl AR BB iped namsters
S AN (7] 1) B 3 35 107 SRS
31 IRs SRk
BTSN S RE R I AF B3 B0, 1 HLA s 9 R T ZE A PN A i A e e o B 202 shifig

IR ) B R BT SRR D2 2T Houston 252 I\ 0 HAT B AR i B V4710 3 0 43 i 25 4 2% B
e L AR R R RE DRI T RA e BT BRI N8BS BRI ALERRE & 5k
AR A7 T AN JE AR 55 5 A P 0 5 0 2 S I T 7 L A Al e 3k ] e R 20 3 0 R A g
J1Z BN SRR 2 —
32 ERHRE

98 2 (leptin ) S A W 40 M50 06 A AN IR FBE R IR, S RAR FE S AR ARG 28 a3 it 1 i sl i 45
FIAE R I AETE RE VA Th R PR VR, RIAEAE S vh e d /R, anys 3R AT 420815 T 4 A e s
FLIE TR RIS kB B R S E S A e T ae Y R TR AR B A e 9 R K2
] A AR OCAE , BRE BB B 2 KF 1 A AT g 2 HAAR R S 2 DI RS2 4 i 0 o — D A
3.3 SR

O PG 2SI T e - AR B B3 (hypothalamic-pituitary-adrenal axis, HPA $l1) , 520N B E Qi i
R A A T SR EL A ) G A PR TR R R R B R R R R SR e
LA B TR A AN 32 BRAE 52 M S R AT AT A, — R AR S5 1Y) R (2 2 B o B 4k BT 75 7T i LA Ui
AT DA DASSOTE I HP Al 5 2 5z Joa i iy 7 A A2 B B B[] 19 52 i AR R, 7 B 600 309 B Joi il ) 7= A= T g
s (H R A PR A ) AR R B TR T 77 A8 N . N I 3R 5 IR B [ A ] C R IE T 2R AWESR
AT R G LW RAAAEZE T, BN, 70%BR & 2 JE AT 0 % A 't RO USROG IR 2 0 F R4 2 B
4 1T 375 Rz SR RS SF , {ELET R R R ) J Y IR AR ) PR 28 B 2 LR INL TS B TR B A K L 80% BREE 35 d i A%
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