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EEMEERFREXEREHMIIEEN RN
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(mAkzs s

W OE BEREDNE,

B . ks 100871)

BB FMAYE R EFIRG, THEE, BTEBSK, TP 8ERRKR

FEFE BB EFTE R PO TRE. BTNt LSK h . BOTE B A OB A R A . I T 40 B A0 AT R e 28
A BB . RNBR AR R M R (ET O RIRE SHT) B A B BN R R

YRR 5 0L L AR RO BRSO R R
X@A HT MERSE =2diTH

W RN K E )T b ErE
HWEE, &HNED X h A FE RS S R A
RETWHAET . BARKEXM{EBRERGE
AWMt MWEER. CEEASRAEECHANE

s R g i U T o e | B
(Etard et a/., 1999},

MEREMNERANEMNE N T E AN
WM. (1) WHEFEETRFE (1 6) hEil
WERRBEEE (W26 R THESNT,
HZ A EE A HMENE: (2) BMETSE
RN FERTEERBGYENRE, H2H
ATHEN B E N (Gustave er al., 2000).
FERERWR FTBEXNAERZAIENE N, L8R
EATE RGN BENEMERAT . AXRRIEER
FOCIE N R T ER E WML E FHITME
S AR B X IE RS A S T R AL,

1 S B IR Y o A RO
HEHY 7%
RTHESRNEENE, ~BESIVET
BLMBER, AW, FHEK 54 om WIS
THMEEM S, AHEEBCAH, TENSY
MAREREMAELR2.13C (WTFRHFI2G). B\
FHEHNNWRNZ B EMES SRR, T
A—-TREWREOMENM, HEELIGH
[ERHE, FABETRAYHMEH, KEEER
WEE, BEF R A8 AT A B w AR b, TR A pa] AR
. EAFWEAEZHET, ZMEEMURBREE
FEREHRBERE (Goodman er af., 2000;

1999.08-06 W, 2000-10-30 #% [l

iz 24

Gustave et a/., 2000), W RARSERERGRIDH
SR B R E ST RIRICEMNI T iE T R
WEL. RAMHZHITARCE: HLEER, #
‘?ik OReHTHELGILEITE. AR ETEH
EGEAREPRERMENS.

2 A E SN IE AL BE I M A
uEES

2.1 ThBFERSRGEANSE

FHE R 8 (air-righting reflex) 2 4 49
RTEEYLEE. FhASRE (2001) fEZHuiis, o
EhF2, HAEMER 4 AW Long-Evans A B
MALERHER, FHHETMA S0 e B4 EH FH
0f, EETNEHHERH. RNEAR 0%, 25
fR L3Ik Q0% , FL 3k A A0 B A A 4 BN
BMER0.12+0 F0.20£0 #5254 4 0.06 =
0.02F 01120038 (M+SD, n=13), 51
BRABME, RAESINH0.0640.01 F10.12+
0.028. MREASBSX -FEMTH. YLK
ERTHITENPEE ELEN, 2.5 bR
OwHETRENEFHEL 4w T ARy R
W E (Sonda e al ., 1999).
2.2 RENTEEHINNET

PR TERAEE, R ARAETEKFRIEE
TR BB hm, RN TRmEE.
HEMEHE 4 d, KEMRKEMEMEHSES
HEGTBEEY, HECHHE 2] EEEEEE
H (Sondaeral., 1997). T2.5GH 4 wak 4
HEMERERERMNETHIER A, ket
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BRI AT RDBEER TEE 4., Sonds %
(1999) A, ZIAE R FHFEATEE, MM A k&
ERBEFEA . WRAMAREZBERPHEM
R RS, FHENYECEREDHEENE
MAE AR E L P B AW ER KM ES N
2.3 EMEAMKT

W AR [ IR AT R R 3 4 04 OF 8 8
Bo 4 THK2.5GC CRERLEHFE—1HE,
FHEENPABESEFMARE, 6i&ERRIME
HRETFREE, HE¥ B THE (Sonda er al.
1997) i%d%lﬁ%?@%ﬁﬁﬁ%#ﬁ%h,
Eﬁﬂﬂﬁmﬂ%Lﬂmﬁﬁﬁkﬁmﬁﬁﬁom
AEFHE, BENYFILEIRTHTH Y
EHE, LB/, HERERE, A2 TE. 10
dESERRKBRML, BEXEHTFHEEE 1.0
10.5mss, BREREHEAGHREE T, MEE
KMz LM, FHREES0.710.2mss
(FAAFEF, 2001),
2.4 WHEMEEARE

4 4 IR &2 B R B s e S M s BT AR
A BEKEGIA, Mkshok, 10 [E e
K. BB IE H P8 A G N T ET D, H R R 40
+8em?, 15 KREMEHEAKFE (27+5em®); W
MARTE 90%90 em® FE E AT, BFEAR
5 min AERITIER . ML ERWEANE . T
EHEERTSHAED L IEFREARM, B254d
FAEN ZARRHREMBERIEENEE (AR
F,2000). BERKRAHFTYI LITEN, A1, 7
RE%, 2dEBTIEY,. BEEHBRE (Bid25d
. BT ERKRE LA, BRE
war b, A3dER—BE2 TFTER. EHHEDT
BN, MAERFEN, HERRAALT R
W, MO EmME, 20d e NEEH, 5
EHRKXBRMAR (HAFKE, 2001). EEHNTH
FMikE RSN FRESKEE Y, WAk
BYBHEE (Vico et al., 1999), HEHHH
A TR AMESI AT, RIGMEER
. BREEFERENIADN-—MENHEF.
Martrette % (1998) A4, HERENYHEE
MEABARME NS, BEdEmikREwGE
[9 {myosin heavy chain protein) & R JN3R T 4
WL, SHWEAL, MPRALM R R .

3 HERSENA KFTEE
ﬁiﬂjmﬁgﬁ{]ﬂ/ l']

3.1 BENPUERKNEFE NS TR

BEINYAERE B | G 0B AEURE T
ESBENMHEEAEMNTERR, X Rs
B BT BE AR E D H A T A0 R A EE M TN
FHLEERI R,

HOWKE: TaEltimEHErER. &
BB EEZEE LN, BRI DZI R
Wt BER RS X 4R TC M R B B 5
BEAEHNHEETES P Ca RKEFMRHE, i
EATGEEIVE - 22 N IR - B G o B TR A1
B SIEEFSEDWHEL, £2.50C B ENLE
WEECRAB ORI fEBATRL, YEAR
w4 /N (Kawamata ef al ., 1995).

CHRMETENETANE: SREREHH
B WEE L EMMEEE R MR R R TL
AR, AR P B T T A0 R A
B RETHEERTE. BEARATEZASTIA
AR R R, SRR & ) T b A R
ﬁ%ﬁ@%ﬁ?%(m&ﬂﬂ 1993). H A,
< 4l fu ORI L M A2 mwm%%&yﬂu@mw
AT BE = R %ﬁﬂﬂﬁﬂﬁﬂﬁwn
3.2 MANSEBERMERKERRHAEE

ABEMIA 5-HT M ACTH KE TR, 2R
FRBE WK F R E A (Meli er af.. 1999),
BT MAUEFTRBEEEEREEKRT A
(Daunton, 1998). B&E 14 d i KEHERKE AME
BREMALRK D GABA R R ERS . 5B
r-GABA BE #E 1A 40 B & S8R RHS i AU /L SR rh it
BSOS HAKREERZHMEMHRE (D Amelio o
al., 1998). MBS a0 (L6 % B 0
RRL, BARGENRAR, BEA#E 2B, KK
TERHNHERBEHEWRES, 4 SNBSS
Fg, FEKEE TR R G FGER . A5

8 ] 69 ik 2 PTBELBT FR B2JW (Uno, 1996).
33 BEREARLMENZEEENES

FERAFHEATFEELERM8dAMERS 1S
di ST BTHAEIFTITESE., WHREM
W, RIEEEHEE . S- HT REME@ Y FIRERE M T
AHETELERILEAEHFLEEHMAER A, X
WMZERNEERRE 2w FHREARET W, H
AHERWERRRGH XY, EEHEE LR

EARLET . %
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PR (EERSHTRE) WAEESE X0 i
AW, BHMYMER, TRERET, S-HT
ZAREARARRE, REMBEL . WA ICHEE
REFRE (Gimenez er af ., 1998),

4 B 5NEEE R ERNROZE 4
A

FALH R EREEND (Fos) M
RERWETHBESERMEREANNEES., &
ISR RN, WA Fos MRBRTRHE S
SRLE R R B 0045 B KA E (Gustave er
al .. 2000) . FOHE M 22 5 0 % A 2 R EE ) 3 OR
Wi A A M. Marshburn % (1997) £ Gustave
F (2000) ZrHIMTEL, WE (Gerhi) FIARIE
WlE) R %AW EFER, Fos ERTEER ., S,
TR RN, B RAIMRESE#E RS
BHRE, BT THEE., $RAPRSHSHER
HAVEWRF, HARE (2001) WM &5
HERENARFA LTSGR+ S IL Fos ME
B, BRERW, "HE FASENEZBR. TR
HMER, BEHPHET Fos MR RZE. XTRER
CECET R LA S B 0 AT R R A R R

B H CWE” L. T RS K 8T S K
Ji . PRAELH Fos XiAKFEIEM. Fos 748 & A0
BRHTERANARES, BRT T, Bk
F0 R T RO AR £ 4 5 Al JgE 4% D o AR ) R T P 4 s
MGk A; L. Tk, [FSKE S MUK FHI R
B2 M R AT YR R R NI B — e i . Ml
B AR TTRLLE 3R & A F b & B Fos &IAM
BB (FhAEHE, 2001 Sonda er of., 1999), i
BHE WA RETATE REE AN, Gustave %
(2000) it — 0 & B, U460 E S 4k et
AR TEAN Fos R FREFFIL., FFRM M T
B SR ATIRE ., B, 50RO A [ LA LR R
28 Fos KM BHEM, HihA, AHEHER
B8, BAORMERSEE FRWE EE YRR
B S, Fos EA B M AR BN LKL X
B, RGP X A ) M 45 e o 446 B 4 SR R EL K
HUE . AHEENE, BT NS RA
BHRBKHNETRE LY EEAR R, ExH
NAMEMETLK Fos ERATE S FR, HHER
REASHE b P AE T BN S-HT RE Hh 22 o0 B R B
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2001),
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% X B E (Abstract)

EFFECTS OF HYPERGRAVITY ON THE STRUCTURES AND FUNCTIONS
OF VESTIBULAR AND RELATED SYSTEM

SUN Jiu-Rong

{College af Lije Sciences, Peking University, Beijing, 100871, China)

Changes in behaviour relevant to the vestibular and related system were studied in long-evans rats con-
ceived, born and housed in 2 acceleration of gravity for 4 months and thereafter exposed to 1 acceleration of
gravity. Data from the hypergravity rats were compared respectively with those from the rotation group and the
labyrinthectomized group. Static and locomotion modes of the hypergravity rats were changed, tension of exten-
sor was enhanced and the abilities for locomotion equability, orientation in swimming and air-righting reflex
were reduced. The adaptation process varied with different behaviours. The time for the recovery of the ability
of orientating in swimming was the longest taking more than 1 month.

The adaptation mechanism related to the plasticity of otoconia, hair cell and neurons of vestibular sensory
organ as well as evoked the change of releasing of some neurotransmitters and neuromodulators, development of
muscles (especially the extensile muscles), expression of Fos in some brain regions. The Fos protein expression
provides a useful tool for mapping brain functional activities alter scnsory stimulation, and showed a low basal
level in normal and labyrinthectomized groups. The hypergravity rats, on the another hand, ¢xhibited more Fos-
positive cells in the supcrior colticulus, inferior colliculus, periaqueductal gray, raphe dorsal nucleus and solitary
nucleus. In contrast, the inferior olivary nuclei, locus coeruleus and vestibular nuclei were not strongly labeled.
These spatial patterns of Fos expression suggest that a reduction in gravity-inertial force may activate a neural
pathway different from the vestibulo-olivar pathways activated by an increase in gravity-inertial force.

Key words Hypergravity, Vestibular system, Locomotor activity




