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W T, BRI/ RIFR A XA, X ) fE
S R A BE A AR WS (3, R I 46 H B IR AT P
A7, PH IR gk T DU A2 38R .
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1.1 EILIER

30 J1 SPF 2% 1 H# C5TBL/6 A8 A MENE /N il
(B3 v s S A B A ), BENLS A 3 4,
£ 10 H: X EZH (Control),  WH I )38 /b 28 (MH
/D 21, Decrease)RH NH MG I J 14 fin 2H (WH I8 3% o
41, Increase). Uit & 41/ RABE RN &
PRI 2 1 min.  PEE AL R U4 #7089 2540 1 mm
TS B, ELIER S 0 2856 FH Y6 R AL e sh A g 78 2
F RO AR AT 1 mm. B 3 RAH-—K,
HARAARTEAN, ELSAE4ANH. LR
T F7 5 5 1 AR 0K 27 S 6 2)) ) A R 25 B 4 B
3K, 12 W12 h R, Q2 £ 3)C, AR
JE(70 + )%, SPF Ziffb 210, HHEE. oK.
3 AR sk /D AR AR AL
1.2 {TAFRE
1.2.1  PHIE A% 52 (chewing movement frequency).
SCRGER 1R, K S RS AL B S R RRIE P A
NEREN 10 ecm x 10 em x 30 cm [A3% WA 1+,
T 3 AWM BT, A WNA AU eSS
AP RH B E A RE B i, sl REAFE TS
15 min WG, S50 25 oS5 B /N BRI L,
TF 1 JEG 8 S DY BE S B 19 H W30 10% 379 K LA 25 B
AR, SZIGES 2 RANE 3 K E K N R i

NIEHARF 15 min. 3 4/ A B FAERER 7] —
Bf R B REAT S0, DAARUE 2% 41/ BSE 56 45 1 =
AHTE]. S50 25 o AR S A5 v 55/ BUPH W32 30 1)
H.

1.2.2  W3%5E K (open field test). Kf 3 20/ A&
WP AT 5258, DAORAIE &4/ BRI 50 45 1 S = AH
[A]. B/ BN Truscan % 4t (35 [E Coulbourn 24
"N E K EEIFE Q27 em x 27 em x 38cm)P, FTFF
TS TR A G, WEILAE 5 min 1)
TGN, SR A RSN, BT e R DY B
PR T 00 10% P98 LA 22 BR k. TruScan R 48
B A B/ WIS SN2 IURRR. 28/ BRURS
L.

123 =2 T E (elevated plus maze). ¥f 3 41
ANRASE KPP AT SES, DAERIUE %21 /)N BS54
REAHE]. SRR E R 7 0 T 35 emxS em;
1 35 emx14 cmx14 cm;  H0 X 5 cmxS em.
JCUEAL T I L. SEERTFURIN, KN Bk I
J7 [ RCAE R X 35k, Anymaze RAT2 BT (35 [
Stoelting 2 &) A A sk HAE 5 min P FFE A
3 il B PRI TR R 2 R CHR. S 58 J K /N B
HY S PR BT, I 10% 3R BR 4T
SRJGTRN T — H/N R GRS

1.2.4 B 55 (novel object recognition).
3 /N AP AT S, DAORAIE %5 21 /) BRLSE 5
SAPREAR]. SR> A RAEBT B YIZRBY B Al
WETEL. SER i) 3 KA B B, BRI AE
JUNEL 5 min, Bl A BB — AN IE T TR A4
(54 cmx54 cmx24 cm)™, HHEEHZR 15 min, DL
DS IGE . RGN B, AR BRI S
ANTR] S AR R /ANARABO) 4500 Bk Hb T 1 7 T 25 4 v 1)
X IR RS, 25 TR/ 5 min R ]
RN PRA DA B P)4K), FFid 3¢ 5 min /)
R R iy ). R /S S 56 45 R
10% P RS A1 40 40 S B0 R TR R LA S A, DARE 4 /<
R, W B AR ZR)E 1 REEAT. W, /)
BRI E T TR A, o i — N (A PE)
LAl — TR 56 A AN [RE R /NARAL IR B 4 A
(C PR, =% 5 min /N SRR AW
AT AL, /N B AR — AN BT F R Ik ) 5 7
BRUCERZR PR AN A4 P FH s ISF D £ B BT A sk /) BT
G/ RESTI RV I G o = K W)
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100%)/(3F2Z& A F1 B WA FT RS,

C WRVUNTE B = (RZR C WAk Bt I ) x
100%)/(#RZ& B F1 C WA FT FH ST Ta]).
1.2.5 Morris 7Ki% & (morris water maze). Morris 7K
PRE B R K (B AR 100 cm, 5 50 cm). 4545k
DA K Morris 7KK 5 LA 2 5 (35 1H Coulbourn 24 #])
Y. R K I I 500 1) P 45 AR R £ 1 40 1
4GRS NGB BRI B sk . 76
—ANGIRIIE F KN iR — AN BB & s (H
%210 cm, & 30 cm), ¥ ERTKETF 1 em 4.
FoAth 3 NG RRJE FEEAT o i B AN AR A b
IR B R, WILE IR & Tio, Bk (&
TR A T A R A BN K RS, Al
KEFAM, SPARBEKBEEXLL, EFHRE
PREE. KRR EE T 25°C Ze A (BT 1 KBk, Ak
PR A VG B, RN R R IR
IR 53 N 4 AN NTK R CREAN G BRAM A (v ) 1T R
NI 4, AINRNIKE R e A, 2 R Bk
Gl S I L, RrHAENE FIRE 15s.
Morris 7K & AR S8 A 2lyic s/ RSk 6 7
PRI W 60 s hARFKEIN G, mEREEHDR
gl By G RE 15 s FERBERIE A 60s. #4 3 41/1
AP AT S50, BERAEFAS R, LAORIE
UL R AR AR /N RAR B A 1
RIFE TR, RITFGRIERRY B, MR, R 2K
R FE, N HBEFLH N AIK SINIK 60 s,/ AR
P02 5464, Morris KBRS MR S8 A3
s/ BAEF 6 FTAE S SR IZ Bl ).
1.3 HEEEUR
131 WL 2EA. 3 4/ REEPL&IE 2
oL 1%R 240 (50 mg/ 4K B RRIE. T 1,
feFw A, BIFAO . AT 4% 2 R ARG
HERL. WL, 7E 4%% B [E 2 W 4C
[ 5 24 h JE AT H A A, 5 wm E8Y) ),
HE Je(f. A LS4 HE(100x).
132 FAUHIERS. i )E /s B a et g
R T AR BN K A AR e
M2 h, PRUE AU RZSRATKI T . AEGEUH
N, B AR AL N AR T 1%
P H LS, HAL
1.3.3 EZESALUEE. BB RERS /N U 4L
2, 18 4%Z R E W 4C [BE 2h, RER

N AT 1) 20% . 30%7HF 5 HEBE -PBS i 22 21 238k
Ut HIKGYI R HL, #HATEAR Y A, JE 20 pm,
10 N A T S AP A L (R 2 B B AT
HE Jetf. 2 20 AH [R] 2 ) 5 A7 7K 1R o o ol ol s
FHHTECAR, A (40x%).
14 SMREEIEENERENRZIERSE

R BRI IR 28 (NE) 8.46 mg, % L)%
(DA) 47.4 mg, 5- 2t % (5-HT) 53.18 mg, 'H b
R 25 (E) 9.16 mg brifE i (Sigma A+, 52 E) ¥ fiE T
0.1 mol/L HCI "', E% % 25 ml, Jitj& 10 mmol/L
(IR it 5 9. A IS 0.1 mol/L HCI #i B ik
PR B IORR . ABEAT A2 3 2/ BB AL 7%
% 4 N EEERTSLACAE S, fEvK B4y B J 2 A
O, INGAFE T, AT E . S m M
JAE—HE, FESFRE, & 20 mg 41240 0.4 mol/L
FEIR 700 pl(E 0.1%FIEEIR), vKihAHk. &
MRN8 500 t/min, 4°C, 10 min), HY_Ei& ik
FE. OGS R B, i/ 92 ¢ 8):
ZZ PP A 3 mmol/L BRBERE R84, 100 mmol/L fi
%, 85 mmol/L #7451, 0.2 mmol/L EDTA(pH 3.7);
FEWR 40T ; KR 0.6 Vi I 1.0 ml/min; 3
FEEA 10 Wl AR b v 30 88 A0 HR DA b b
W, FRE L 10 mol/g M3 STk i .
1.5 RHAEHEE PCRAEMIAZEXLEE mRNA
Fix

WEGEAT A2 3 /N B L 4 L BRI Sk
BB S, TG S 8 R JZAHE T, 1] RNAiso(Takara
A, HA)RBUER RNA, 5 B Al 5 36w
BEAT. s RNA HIEE AR5 0600 B v g e 52 DL %
Aoeo/A s LEAE, FFELL 1%BE IR BE 58I Fi UK 5 TA RNA
(R BE AT . B 1l & RNA R 86 5% i cDNA
(M-MLV 28358, Invitrogen A7), B AR R
M M-MLV #3217, PCR R NAA R K 25 pl:
5.0 pl 5xR-PCR ZZ1P, 0.3 ul 250 mmol/L Mg,
0.75 wl 10 mmol/L dNTP, 1.0 wl 10 wmol/L 5|4
(Invitrogen A 7], 32[E), 1.0 pl Tagman probe(Roche
AWl , %), 1.0 pl Dye Calibration Standards
(Biosearch A H], &), 0.25 wl 5U/ul HS Ex-Taq
fiff(Takara A%, HA), 14.7 pl WHEK, 1.0 wl $
B, AF DU D] BDNF( il v #if 288 7% X 7)PCR Jz
N EESI ¥ R, 5 TCG CTT CAT CTT AGG
AGT 3', Fiisl¥A, 5 TCA ACA TAA ACC
ACC AAC 3', KJ¥ 4 445 bp; CREB(cAMP [ %
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s EA) BT A, 57 CGG TGT CTA
ACG GTG TAA 3', FiE51%A, 5 TGG GAG
AAG CGG AGT GTT 3', K J¥ b 250 bp; NR2B
(N- FJE -D- RIS AK) 2B W) B 190,
5 GCA TTC CTA CGA CAC CTT CG 3', FiiE51¥
7, 5" GAC CAC CAC TGG CTT ATT CC 3, K
%} 367 bp; Synapsin [ (5&filiz 1) L4,
5" AGG CTA CCC GTC AGG CAT CTA TCT C 3,
5194, 5 TCA CCT CAT CCT GGC TAA GG 3/,
K JE k) 380 bp 5 342 bp, WK GAPDH, I
W51, 5 GTG AAG GTC GGT GTG AAC GG 3/,
TG A, 5 TCA TGA GCC CTT CCA CAA
TG3', KJEH 517bp. ¥ cDNA Fikt 5~ 100 f51E
FREM,  BEAFEM AT 3 A FAT4L, £E Roto-Gene
3000 %< 5E & PCR {1 (Cotbett 24 1], W AF)I) I
BEAT 92 692 2 9% K PCR K0l [ W45 f: 95°C
90s, 95C 55, 60C 30s W&, 3t 40 NG
B, Mg M. 95C 1 min, 55°C 1 min,
55C 10s, (FEMNMEHZL BB N 0.5C), 3t
80 M, HEAN RS, VA A, il
15 RO 2] 5 PCR B Re Sk, A 25 B 3
DRI T2 1) Ct B DA B b 1th 4 K R AR 0 35 D1 R
WS K GAPDH R4 x0T+5 DU, A H Al [
& 10" 45 DU GAPDH AHX &5 &
1.6 HIESH

A S 0 R P B (AR HE 2 (v £ 5) KR,
H SPSS12.0 #4247 . X 25 J7 2 73 #r (one-way
ANOVA). [ LSD #HAT &AM ILIR. * FKoRnse
TR, P<0.05; ** Lot g = RAbw
¥, P<0.0l.
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2.1 FHENREBMENES

B 1o, 3 4/ RSEE AL B S 1Y) 15 min Y,
PUEL PG SR A o 2L /)~ ) PEL W A 2 B A8 v T 0 R4 R
IR, ek D 28 1R PE A B A T0) R
Y. SEEGACIR S ES 2 RANEE 3 K, IR 21 ¥ H
MRS A% ) S AT 56 B ZE R e 20, {33 o
50 A B 2.
22 FBHNRAERTH

34/ 4N EEARLIE 2 Fros, K41
PR EARA 2 R A GE v 2 S PH IR SO )
BT AR AT 5
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Fig. 1 Changes of chewing movement frequency
The chewing movement times in 15 min was counted for chewing
movement frequency. In the first 15 min, on day 1, when the occlusion
status just changed, the chewing movement times of increase group was
sharply increased and much greater than that of control and decrease
group; the chewing movement times of decrease group was also lower
than control. On day 2 and day 3, there was no significant difference of
chewing movement frequency between the increase and control group,
while the decrease group showed lower frequency than the increase and
control group. n=10, *P<0.05, **P<0.01. [J: Control; [ : Decrease;

M : Increase.

4 6 8§ 10 12 14 16 18 20 22 24
t/week
Fig. 2 Changes in body weight

There was no significant difference in body weight changes among the

three groups. e— e : Control; A—A : Decrease; m—m : Increase.

2.3 MEERMEENPDRTOE . RALFKER
iZos= S Al

3YUNE A EA NADIEE B Bs 5 34 8 WL
B SR S . PELERs D 20T s D) 28 e T SR A FeE
WAL, Wik 3a~c. HE Jeta4h BRI 3 41/
B JULET S B T LA S A BRI I £ 1 25 28 o WL B 4
W, WK 3d~i. SR Y)  Eos, &4l
B 2 RN T R 0 SR T A RN L TR AR L S,
K 3j~1.
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Fig. 3 Morphological changes

(a~c) No obvious abnormalities were found in the morphometric mandibles among the three groups. The lower incisors in the decrease group were

shorter than those of the other two groups. (d~ 1) No significant differences were observed in the cross and longitudinal section of the masseter muscle

among the three groups (HE staining, 100x). (j~ 1) There was no significant difference in brain cross-sectional histological observation among the three

groups (HE staining, 40x).

2.4 MERBFREHCE X/ NRITAF IR0

241 Wscse. PHEHE AN AR I i B )
SR B S AAAZ By 1) WY S AT T 0] B2 R g s
TN (Kl 4a, by, KUIHEECD 2N B RIS
JIBEAR. LN 34 D0 207 mho DX skt 20 1D A ] B 451 2
e 10 R RINE W o /D 2 (B dc), 3 HHRE I n
/N BRI FE R A UK.

242 FEEEERRE MG gl B O R RN
DRSS [ R R B S 3 o T R AL RN nE gk b4,
Bl 4d. S REAT PH gy > 2H 0 AE g B o 4 2 T

B RG22 5, W de. MHIEE N2
FETPRE Tz gl 18] 7 43 B34 e 2 v 0] A ZE ML g
/DL, AR A X TR T EL I SRS PR 0
A LARRAR I B £ R A 28 0T B v A R TE Bl g

243 HEARIRG. AL RE R AR g
8L/ SR BIAATR PR3 8 B DA K C P AA
PONTREBAT e 2 22 5%, W 4g. IX Ui WINH g
SR K8 R s 0] /I B R R AL BE T AT W A

M.
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Fig. 4 The behavioral experiments
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(a)~ (c) The results of the open field test. (a) The total movement distance in the decrease group was significantly lower than that in the control and

increase groups. (b) The velocity of movement in the decrease group was significantly lower than that in the control and increase groups. (¢) The

percentage of time moving in the center region of the increase group was significantly higher than the control and decrease groups. (d)~ (f) The results

of the elevated plus maze. (d) The number of total arm entries in the increase group was significantly higher than that in the control and decrease groups.

(e) There was no significant difference in the number of open arm entries among the three groups. (f) The percentage of open arm moving time in the

increase group was significantly higher than that in the control and decrease groups. (g) There was no significant difference in recognition index among

the three groups in novel object recognition. A : Object B; []: Object C. (h)~ (i) The results of Morris water maze test. (h) No significant difference in

latency was found in Morris water maze training among the three groups. e—e : Control; A—A : Decrease; m—m : Increase. (i) The percentage of

quadrant time in the increase group was higher than that in the decrease group.]: Control; [: Decrease; B : Increase. n = 10, *P < 0.05, **P < 0.01.
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2.4.4 Morris /KEE . BN 6 K, 3 4l/h
B, 34k 7 5 1T 27 R 301380 ot 5 Bk ) A 1 38 3 0k
Do R AR, 3 AN AR AN T 15 s,
LRSS SAEE 6 REORFEFAE. g B, &40
AN B BRI AT it e = R, W
Kl 4h. KRB 226 55, PH D A1 A
PG A S Bz By I ] 1) B A7) B kAR T R g 3

80t ’iﬁ

NE Content/(nmol*g™)
D
(=)

Cortex Hippocampus

—~
o
~

DA Content/(nmol=g™)
)
S

Bl Wi ¥

Cortex

Hippocampus

Y. TX R NEL I n ZELAFG) - MEL VB k2> 21 L % (] A
FIRE TG R (A 41).
25 FHEMGSHEBEREBRIES

NEL IR 4 /N B2 TR B IR (NE) R B )2 )
B i O AL R ZE. 3 4/ U B
F(E). Z UIKDAH 5- B0 (5-HT) 171 % )= FilikE
e [ BB G 2R e, W s.

(b)

E Content/(nmol+g™)
[N} w s W N =
(=) (=) (=) (=) (=) (=)

—
(=)

C1 e

Cortex

(=)

Hippocampus

(d)

5-HT Content/(nmol=g™)

S = N W A LN 0O O
— T T T T T T T

SSINl

Cortex

Hippocampus

Fig. 5 The content of monoamine neurotransmitters in the cortex and hippocampus

(a) The NE content in the cortex of the decrease group was significantly higher than that in the control and increase groups; there was no significant

difference in NE content in the hippocampus among the three groups. (b)~ (d) There was no significant difference in E, DA or 5-HT content in the

cortex or hippocampus among the three groups. Concentration was normalized to the loaded amount of wet tissue, n=4, * P<0.05, **P<0.01. I : Control;

[O: Decrease; HM: Increase.

26 HEMBSHEINNBXEENREESR

MEL % 9k 2> 28 /I B0 B Jo LA R it B v R i 2% T
(synapsin [ )+ N- H 3 -D- RT3 K1) 2B W3
(NR2B). cAMP [ % Jo it 45 &t H (CREB) ik
PEMI 25 FR: K 7 (BDNF) ) mRNA R IA 83 2 #1{K

o) H 2L TR O 4. R B 2L/ B )2
NR2B LA} #F &t Synapsin [ + NR2B. CREB Al
BDNF [f] mRNA FJA 3 0 25 a6 B 4L, nH g
B hnZH /) BLUEz 2 Synapsin T < CREB 1 BDNF [#]
mRNA ik & W E 0T 4L, Wl 6.
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Fig. 6 mRNA expression changes in cortex and hippocampus

(a)~ (d) The Synapsin | , NR2B, CREB and BDNF expression level in the cortex and hippocampus of the decrease group were significantly lower than

those in the control and increase group; the Synapsin [ , NR2B, CREB and BDNF expression level in the hippocampus of the increase group were

significantly higher than those of the control group; the NR2B expression in the cortex of the increase group was significantly higher than that of the

control group; the Synapsin [ , CREB and BDNF expression levels in the cortex of the increase group were significantly lower than those of the control

group. The mRNA copy numbers of Synapsin [ , NR2B, CREB and BDNF were normalized to relative amount to GAPDH mRNA copy numbers, n = 4,

*P<0.05, **P<0.01. O: Control; [J: Decrease; M : Increase.

3 it it

A S T o YT N B B AR AR /N B A (K nE
MRS, WP AN BB AR AL, TG A
RN A I B AR AL, BT AT i i
RNV IS A m B o A B0 K Wistar
KB 3 B B T 1 mm, R VBB B LT
YIRS s T EMTE T 2 mm,  SCH LR
MBI S RV RO, R e AR H 2 28 K
JE eSO, IR WLET ek . (HISMILILET
HENR L TIRAR . EADF - ERFEEREE 84 K, X
A RESE AT A 3 L T R e RO A B K AU

7155 GORAN =387 b7 2 34 SHA B8 iS5 BN 0 3 2 AP 0
T b, RTERE AR BRI 5 AR AT )
AR WERVIF ANREIE W A, A VI 2 AW
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The Impact of Long-term Chewing Stimulation Alterations
on Anxiety and Cognition in Young Mice

SU Jian-Sheng", HAN Wen-Fei", YAN Li?, CHEN Li-Li", GU Jia-Mei", JI Ting-Ting?, MENG Bo?"
(" School of Stomatology, Tongji University, Shanghai 200072, China;
2 Shanghai Key Laboratory of Brain Functional Genomics, Key Laboratory of Brain Functional Genomics,

Ministry of Education, East China Normal University, Shanghai 200062, China)

Abstract The investigated influence of long-term increases and decreases in incisal chewing stimulation on
anxiety and cognition were investigated in young adult mice, and the underlying mechanisms were explored in
detail. The results indicated that chewing was not associated with any significant differences in body weight,
morphological differences in the mandibular and masseter muscle fibers, or the morphology of the cortex and
hippocampus. In the open field test and elevated plus maze, less anxiety-related behaviors and higher activity levels
were observed in the increase group; lower activity levels were observed in the decrease group. In novel object
recognition, there were no significant differences in short-term memory ability between the three groups. In the
Morris water maze, mice in the increase group exhibited greater spatial cognitive ability than the decrease group.
To explore the mechanisms underlying the observed anxiety changes, the epinephrine (E), norepinephrine (NE),
dopamine (DA) and 5-hydroxytryptamine (5-HT) neurotransmitters in the cortex and hippocampus were detected
using high performance liquid chromatography. The results revealed that the decrease group exhibited higher NE in
the cortex compared to the control and increase groups. The mRNA expression of four genes closely related with
cognition (Synapsin [ , NR2B, CREB and BDNF) were detected using real-time quantitative PCR, to investigate
the mechanisms underlying cognitive changes. The results revealed that the decrease group exhibited lower mRNA
expression of cognition-related genes in the cortex and the hippocampus, while the increase group exhibited higher
mRNA expression in the hippocampus. Overall, the current findings indicate that long-term incisal chewing
stimulation enhancement in young adult mice may decrease anxiety-related behavior and increase activity levels

and spatial cognition.
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