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Abstract: To determine the utility of detecting corticosterone levels in feces of root vole ( Microtus oeconomus) , fecal corti-
costerone concentration during 24-hour rhythm, alteration induced by acute and chronic restraints and the negative feedback
function of HPA axis were measured. The results showed that the fecal corticosterone concentration in root voles displayed
dynamic diurnal changes. This index peaked at 08:00 and 24.00, and fallen to the bottoms at 12:00 and 16:00. Two
hours of restraint caused a 12h-delayed significant increase in fecal corticosterone, with sex-differences. The fecal corticos-
terone concentration of chronic stressed voles maintained at relatively high levels. Furthermore, the chronically stressed in-
dividuals’ stress reaction time is relatively long, indicating the negative feedback function of HPA axis was deteriorated.
Based on the above, fecal corticosterone measurements provide a reliable, accurate and useful method to assessing individu-
al stress level. It can be assured use in studies related to root vole population.
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NRSIFE THE FRES, NEESSEET
W BEE T ER, 5IREE FREBEERREER
( Corticotropin-releasing hormone, CRH) 43ilh, 7EXE
HINEZE (Arginine vasopressin, AVP) Ppa]JE
F, TS WL ERBZE ( Adrenocorticotropic
hormone, ACTH), j5HHANIAKIERRLE, Bk
B EARE R4, SARRZALE A, RHEE EAREL
TR AT A R TR E  (Glucocorticoids, GC) , {E{HHL
TR & B KA N BB B L (Selye, 1946; Sapol-
sky, 1992; Pickering and Fryer, 1994; Wingfield,
1994) . HAT, X GC W E & 2 7 I =2 i 3 A&
T FnZE A

I ARG 5 A A5 2 S e 1) P BE 8 B B LAA GC
B (Sheriff et al. , 2011) , HELEETF R
MBEAR G X hY R —FRIE, RES TS
R WA, ZHE R ek E— i E S A BN GC
S8, mM—S/NREEEY, LER/D, R TR
M . B A IR B #F S B ] ( Cavigelli et al.
2005) , Hk, GCH ARG, RAE 5% ~10% i)
GC BN EIEATrfE, HFHHEAWEE GC 4R
HARHINE, RV (R SRA I 5k
fiJ2 8 GC /K (Sheriff et al. , 2009), FE{R T i
J AR W) 0 SE S L UK AR B

MM, EEQNEA SRS, &
%, FERNERAERGE, TUKRMHESER
W, Hk, GCTEMFREPACH, 57280 NS K s
MUEKRER, R 5ERERRE S, MIEEH
o PHSUER R BE A DO R B R ARG EATAR R
GCH_BNEEX (&S, 2010), Sheriff 5
(2009) WIBFFEREY, 2EMF GC R 5K HFE A
GCOKFIEMR, TTRIER R BHLIR I B A GC K
FHTEbR . K, ZOTEA LRI GC AR e
B SEFES 5T EE AN B 8 B B K GC JKSF- (Harper
and Austad, 2001), T EAEEFIMASEH, ZEMEMEM
BHHG, W, BT REREK B REREE R
e H SR BRI I AR X8, BT LA ANERURE B 3 i 5%
BRI A B2 e X BURE BT 3400 8 7 B9 L K DA
(Boonstra et al. , 2005) , FET LI LA, #EKE
B I ¥ B 7 2R R 3 B S 23 i s b )
fdi i ( Harper and Austad, 2000, 2004; Hiebert
et al. , 2000; Morrow et al. , 2002; Carere et al. ,
2003 ; Sheriff et al. , 2009, 2010a, 2010b, 2011),

SR, XFFAREYIRR, RO RN EYFER
R, AU EEARE (Klenerova et al. , 2003) ,
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Wi (4) BN TER B, BRI S X
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TR, BT LR EDAERKES B HIEE
&, FmALEESLEES d,
1.2.2 SYERIEsER

SERERR L& 18 L, BEALSE 40 4 5t B4 Fn
R, 16:00 MM A NMAE FTEHZ 3 cm, K
10 em RIRNEBRAE T, B 2 he NEHTBEE,
NEGHE, B TRAEH#HE, LRMESHEL R
i, NELAFRN, &S 36 h NiEFFE6 h
LI, AR S B R AR TR, FE 3R
FESUR , ARG — L PR ER, RATHEN
BT [E] R 6 h
1.2.3 18YER s

MEREAR B 18 H, ML T 3443 AN B A0
MIA, BX 4 08:00 ~10;00, 14.00 ~ 1600
VR A MAE FRAGEREREE 2 h, X
SER R EAEE, DL rmAE N, EEiHT
15 d, BR BTSRRI BZHEE,
1.2.4 HPA BhThRERE

1B B S IEE UG, X SE MR R LA
SRR, BRI BOBORE B A] [E) St S
PR R AU S i NMAREARBACH 3 B, FrlL
A ST LAME AR B USRI XS £ .
1.3 EfERE

EERGEENETIRTNE, BEARHE, 5
FIHEA. BHR R MG, IRAFAE -20CokAE T, 7%
W, BA RIS, PSRRI, I
R B S M, R = A .
1.4 B2 Jle & 20 E

% 1B S BB S B TR BB M S ik R A T LA
—HURRE RS, T BRSSP X K
BRI/ . B, ARBFITR AP 6 i 2508
BB & &, BAl, ZEARESARAMNA (fER
TR A Hi, 1998; Bian et al. , 2005; Chen et al. ,
2012) , BRI N: HEMER A TR 14 ~18h
(Sheriff et al. , 2009); ¥ TIRGEHAREIE. B
A1 BRO.1 g 2&fH, AIA 0.5 mL ¥ #0. 04 mol/L
) NaOH ¥ W, #&% 30 s; MA S mL —&H L,
HEHIEY 15 min (Pihl and Hau, 2003); 3 000 r
B0 15 min, BFEAKAHFMEAM (THBRERE, T
[{); W1 mL 3%, KT L, HmEE4 nl;
A4 mLERERZEE (7:3) (FMEBRA), &G
2min, E 30 min, FLE_AF ik, #E
30 min; M. FRATOLSOEE T (AARSERA
"4 E, RF-540), 7 N/Aen =470 nm/520 nm,

B4 10 nm/20nm, B R KM TR (EEM
KEH, 1998),
L5 Sitath

FHEEM 28 (Repeated measure ANO-
VA) I 5 52 56 13 8] AS [5) b 28 55 4[] 44 5 X 364 fi7
TR BN, TEHATEEM 2400, 'k
X BYEHEAT Mauchly BRIEAG SR, & P >0.05 M3 2
BRIEMBE, RA—JCHER; #FAWEREM
W, RAZTANER. R, iS00 A
PR B FIAS [ A PR A o B ] 2500 7 T R & B 1A
b, R KK (r-test) HEAT BT,

A SR AL B #E SPSS16.0 31T, B3EK
F240.05, BUHRRAF-HME + hRUER,

2 #X

R 38 Y FREA & R A BT AR b

EEMTEMGERFN, R H RISE R
KEEFBEMNBRAENL (Foyp =12.645, P <
0.001, F1), FHHPEMLBR TR, 2EF
BR & BB S B A 08: 00 (M.
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Fig. 1 Diurnal changes in fecal corticosterone concentration ( Mean
+ SE ). Repeated measures ANOVA revealed significant variation
(Fss =12.645, P < 0.001) and sexual differences ( Fy ;o =
77.236, P <0.001) in corticosterone levels of root vole. Asterisk
means the fecal corticosterone concentrations are statistically different
at 0. 05 significance level using t-tests for different sexes. The sample

sizes are indicated next to the lines
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0.353 pg/e), KENEMET, MEPREZSHRER (M
k. 4.802 = 0.536 pg/g; M M. 2.851 =
0.200 pg/g) . MHRHERNEELFRSERE
BT EERER (F,, =77.236, P <0.001, M
D). t L REN, MHEMEEREBRIERERE
FRESBREE—BENEASWAEEEEER
(04:00,¢ =4.996, df =10, P =0.001; 08:00,¢ =
6.776, df=10, P <0.001; 12:00,=15.451, df =
10, P <0.001; 16:00,¢ = 5.671, df =10, P <
0.001; 20; 00, ¢ = 5.060, df = 10, P < 0.001;
24:00,¢=3.780, df=10, P =0.004),
2.2 SHENEERE RS E RS ]
AR MR R A REER RS ES
BEYW (F,, =15.557, P=0.001, & 2), REH
BRI 2SE TR S BA BEER (F,, =52.649,
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Fig.2 The temporal dynamics of fecal corticosterone concentration in
female (a) and male (b) root voles following acute stress response.
Arrowhead indicates the time when individual root voles were subjec-
ted to 2 hours restraint stress. The numbers and asterisk in this figure

have the same meaning with those in Fig. 1
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3), HEBRENHERZER (F, 5 =20.633, P<
0.001, & 3), MEMEAKKBPERIBRN A 13 X
FRARTEZSME P AT LI ok (F,, =5.822, P =
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Fig.3 The fecal corticosterone concentration ( Mean + SE) of fe-
male (a) and male (b) root voles associated with the chronic stress
response. The treatment group expereinced restraint stress twice a day
during 1 - 15 days. The numbers and asterisk in this figure have the

same meaning with those in Fig. 1
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2.4 fBHENEAMER) HPA B S SR BEAG T
BRI 2R, M8 BT BR Ak
REERFRTRTEREER (F, =13.735,
P=0.003, B4), #—BH RBERRHE, HE
+ e LA A AR R + Sk A B 3
EEREIBEESENBMZA. M#E 12 h,
18h, 24 h M 36 h FRMHEMNB LAY EFREER
(Oh,t=-4.417, df =12, P =0.001; 12 h,t =
4.024, df=12, P=0.002; 18 h,t =2. 666, df =12,
P=0.021; 24 h,t = -6.669, df =12, P <0.001;
36 h,t= -2.635, df=12, P=0.022), X8 + &
YERLBAL IR FE S PE RIS 12 h 2648 Bz SRR KF
IRBUEAE, T8tk O 38 + U T 8 A 3R 2 R
8] A A BAE 30 ho 1RMER B + BRI BALERA
A2 S SR & B LY B + SR B A
EBBhIEEDN, BRfE (10.941 £1.991 pg/g) 5
B/ME (7.335£0.733 pg/g) MHERE40%
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Fig.4 Time course of chronic stressed female individuals’ fecal
corticosterone concentration ( Mean + SE) after implementation of a-
cute stress. Repeated measures ANOVA revealed a significant effect
of treatment (F, ;, =13.735,P =0.003).0 h indicates the onset of

acute restraint stress, CA ; Acute stress only ; CSA ; Implementing acute
stress afier chronic stress. The numbers and asterisk in this figure

have the same meaning with those in Fig 1
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BT RET], R B R R 5

BRI RERL, BaiAXEELARESEE
BRI R FEE P ES YIS ST R A
X3 (Touma et al. , 2003 ; Carere et al. , 2003) ,
I3 #6103 B AH SE BF ST (Boonstra et al. |, 2004) £
B, M3 mER&BERMESAR, EHTH
ZHRIRBIRK(E, ESHBIERERER, EREH
Tz iR ZEB/IME . ABFR 388 5 R & B
08:00, 24.:00 1A 1E, 16:00 HIEKME,
B ZE {8 R TR & B IR fE HH AR W /e, X TR S
BERAW LG EH L R BT B H & (Wasser
et al. , 2000) , WH, ShYBRSW. EAHM
FHEA K0, FrLABURESE] GC B4 I 3
RERMAHM ERZX FEIRE BEH W (Sheriff
et al. , 2009) ., EARIRHRIESMEL TR SERER
BREHIGSETERIRER, ALBRERE R
) A ZE AR AG I 32 BB 0 S I 1 AR FH R IS 6 1 T I
BB RN,

AR, RHBEZ RGNS 12h
REKMNEERELGTHESREEAS, FHEAR
JEH) 12 h AP E Z MK, HIHRERNE
PR BRI BRI 12 h A S AEFEE S
K, mEZSNE—EREEHEL. ik, 1
UE T ZEMEA I F F A AR H BRL S PE B BOIRAS ]
FH A R

SR /R FL 3h W i AR DR BT 5T R B TE ST Y
ACTH BAMEM: GC RUY7E 24 h Z AT hFEfE
K, 45 40 26 B R ( Lepus americanus) F 10 h
(Sheriff et al. , 2009); /NELF 4 ~10 h ( Touma
et al. , 2003); FE K H B ( Spermophilus beldingi )
6 ~30 h (Mateo and Cavigelli, 2005); 7¢f ( Oryc-
tolagus cuniculus) 12 h (Monclis et al. , 2006) , X
VLRI GC 43 Wb 7 AL ZE S8 vb i W] 46 L B
[ HAMER M. B AT LU SO 7R ZE
TR e B )t R A SR . R, AR SRR
R vk B 75 2 A T X R AR AN HEMAT 5, e
T GC AR SCHRME AR M, iR THE & B BURE I
[ Bz e] P

HERBEEANEG BN EEERELT, 3
{6 57 R R — M HHLEE 4R (Boonstra, 2004) , B
FEFL AR BB S, R R — e L,
— R AR E R T BT R R E AR RS S
WHAE, SRERATBHBAMEEG . BEEREEMTS
2R, SNSRI E REZ RA —E R
[V E1RG , T S e H R R AR RO N, X BT
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RERNBEEN—NEE, NARNSGRE, 4
WHIERRL B A N B /DA NS 12 h A B3,
X /NSRS BN S, ERSEHIES, —
AR EI REBUN R — R R . BT B A IR
N7 AN AN T BB R B E R AR A Pl &R O 38
BPAMRR A, AT RABIERIMBRES FE, £
REGRRER R BRI ERR, F—1 T
BMEMHNRBHE—R, MEEERRENERE
BiEIFRETE R 1 ], B LASh i 7e M R B 6] R B A
RGHEERE, b —REBUEE &R 3 R
RS F— R E R ZEERE R R & 'R
T, B, EESMIRS, 2EREEANEK
Mm3FRMEERE, B, KA.

TEH# - L UHPHKE, Touma § (2003,
2004) BIRIEAZRERNENEEARA X S-EE
i B e A 3R, T B i 5 SR B iR
WENBEARXR, BRIEFELEHERRGES
A BB ERZEAL, TN S B R LA B BBURE By
), FT BB 2 me 26 8 B2 SR R & B AR kAR . BRI,
HEAEARER Y, BIEZEE R & B
IR B AR R 2SR B i & I 18] B Bl kA T St
N, LASRECEE 4 T ) BCE B

18 IO 38 B F — 1~ B B AR AIE 2 HPA B35
SEIR MRS, RIAT LM CRH, FEfk ACTH A
B LR GC |, BLEMFE HPA Bk

ML & (Raone et al. , 2007) , ABFFEHLE

%%Eﬁ REREEEZEWEENE BIZER
EFE, ULUASE 13 d 2 AR B 08 T R s R
FEFE AT DI R . FTOL, DASEE RS &
YA R 08 M Db BB N R HE AR B AT AT

Y EE KRB LANBIE, FERRH
GC XA PR = T3 SOm B E R, aUsFI
DB, MHEHSNERKEET UK REMETA)
REF=LEMMH] . HPA B SURHLEI X RS GC MIEHR
KR AERNERSEARAEENIEM, HPA
AR EAPRER, —KE GC KRB
(Long-loop feedback ) &7 ACTH 43, XK
W ERAET R AMEEW KT, EF M,
GC ¥Z Ml CRH & &; EHEMAEG, GC M
ACTH & i X B i, [FBF, ACTH 8] Xf & B A
CRH M0/ E R B S B, 2R IR
(Short-loop feedback), T ., HPA % — A*&j‘j
BHMBREHAYLEER (Boonstra ef al. , 1998) ,
B, AXRKK HPA Hifi RBIIEEH LA 2 ﬁ‘:

N TR W 3 7 e B R W 05 ¥ (Uhart et al.
2006) o BRI 123 R 58 A A AL 1 R IR R
WAL SRR R RE ) K i AR BE . SR RIBT
Yo T S AR R # KA ( Dexametha-
sone, DEX) Fl ACTH, 310 M e — R F
[E BN BB R E S B (Boonstra et al. , 1998)
% BB MR R O R BRAE R T B, (BT RSB
5, BLEER T ZOTEHITERIE, XIE®E- MM
E, AENEE, TR AKE CRH, 2kmgl
& HPA BRFI R, F3 GC KFFF. £ HPA
B 51 R 5t ﬁ“ﬁ“ﬁﬂ%‘l“ M CRH & ACTH 433,
fff GC EREERFEREEMBEEZN. WRAME
HPA BiTheE 24, WK & RIS E X HA MR
A SONL S X AR, Bima B B[R] SE R, RILA
LA ROIR W N E , URBTATRR, Rin
BEGCEERFRERBERKE, AMRERE
B, 18RRI BUGE 2 2 R AN, FE
B REAEZ /G B 30 h FFih b A, HIEHMELE
JET 18 h, VLB PER #3045 HPA Bl X R R
SRR o 7 o R AL, e I B RD AR B S o I A,
EFEMEESMNME24 h N, BEXHRRSE
YRR BEBKT, T8 R B A R S R R
BRRBIFERE KT LRGSR AR RE N
BAR H BLNMA HPA B USRI W Ih B R 4. &
PHFT AR T AERL IR RIS, AT E W e 26
FRER & BRI MR I B HPA Bhig U R IheE, XN
B ANFREE R R RIVBEFR R T —ME RS AT
A

AR ERFRN, EIEEEFRSEMBRE
T, HEHREEERESEYRA BENEE
. ZERES B RLEIL— (Galea et al.
1997; Solomon and Herman, 2009; Zavala et al. ,
2010) , X AB 5 25 HE —FEXS HPA BhA R
FYEFA X (Kudielka and Kirschbaum, 2005; Lou-
vart et al. , 2006; Weiser and Handa, 2006) ,

%J:FJ?:@, ASCHAE T BT 88 R B i B T,

W R SR H B AT MR A BRI Y 4% b B
%lﬁ_\?, AT AEAR H B A3 LUK, ZM8 1 T
SRR H R A RS AR BUKE- 18
b, HARGHAT NS,

&% 3k -

BianJ H, Wu 'Y, Zhou K K. 2008. Effects of population density on de-

mography and individual corticosterone level during breeding period
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