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Purpose : The purpose of this study was to investigate changes in spatial learning and memory
in rats after extraction of maxillary molar teeth by 8-arm radial maze test and measurements of
numbers of TrkB mRNA positive cells in hippocampal pyramidal cells.

Materials and Methods : Seventy-two male Wistar rats (7 weeks old) were divided into four
groups for this study. In Group A, molar teeth were left intact. In Group B, maxillary first molar
teeth were extracted. In Group C, maxillary first and second molar teeth were extracted. In Group
D, maxillary first, second and third molar teeth were extracted. A series of spatial memory tasks
were performed in an 8-arm radial maze at 1, 4 and 7 weeks for all four groups. Following
completion of this task period, levels of pyramidal cells and TrkB positive cells were observed.

Results: At 7 weeks, the results showed that Groups B, C and D exhibited significant behavioral
dysfunction compared to group A, yet behavioral dysfunction was more remarkable the greater the
number of lost molar teeth. Group B, C and D also showed a significant decrease in the number of
hippocampal pyramidal cells and TrkB positive cells in CA1, CA 3 and CAA4.

Conclusions : In conclusion, since the effects of experimental tooth extractions in rats caused
decreased amounts of TrkB mRNA positive cells in hippocampal pyramidal cells, spatial learning
and memory were affected. As the number of teeth lost increased, higher brain function decreased.
(241 words)
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Fig. 1. Time table

Training maze was done for 5days. Rats
were divided into four experimental
groups by numbers of molar teeth loss. A
series of spatial memory tasks were
performed in an 8-arm radial maze at 1,
4 and 7 weeks for all four groups.
Following completion of this task period,
levels of pyramidal cells and TrkB
positive cells were observed.
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Fig. 2. An Aspect of expression of TrkB mRNA
positive cells per unit area of region CA
3
a : molar teeth were left intact (Group A)
b:maxillary first molar teeth were
extracted (Group B)
¢ : maxillary first and second molar teeth
were extracted (Group C)
d : maxillary first, second and third molar
teeth were extracted (Group D)
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Table 1. Body weight in rats (by ANOVA)
Source df Sum of square Mean square F-value P-value
Group 3 713.22 237.74 1.20 0.33
Error I 20 3949.67 197.48
Week 4 86340.97 21585.24 479.94 <0.0001
Week XGroup 12 2024.84 168.74 3.75 0.0002
Error 2 80 3597.99 44.98
g ~  bsoo
250 sk - p < 0.001
sekkok : p < 0.0001
times I : Mean+SD
8 -
*
200
4
150 A
:C
A OJ :D
g correct choice €rror rate search time
100 . D Fig. 4. The correlation between mean number of
I : Mean + SD correct choices , errors rates and search
j/: times after 8-arm radial maze task(per
0 Group)
Delivery Extraction 1w 4w Tw Correct choice was an ability of choosing

a non-invade arms, error rate was an

Fig. 3. Rat body Weight . . evaluation of searching ability and
Rat b.OdY Welght. was p‘“Fmg on until search time was executing time per 1
experimental period. No difference was time of radial maze task.
found between group A, B, C and D.

Table 2. Results of 8-arm radial maze task (by ANOVA)
Correct choice

Source df Sum of square Mean square F-value P-value
Group 3 30.60 10.20 12.65 <0.0001
Error 1 20 16.12 0.81
Week 20.54 10.27 16.60 <0.0001
Week X Group 15.14 2.52 4.08 <0.01
Error 2 40 24.75 0.62

Error rate
~ Source df Sum of square Mean square F-value P-value
Group 3 24,94 10.20 6.04 <0.01
Error 1 20 27.52 0.81
Week 2 19.03 10.27 8.17 <0.01
Week X Group 6 19.44 2.52 2.78 <0.05
Error 2 40 46.59 0.62
Search time

Source df Sum of square Mean square F-value P-value
Group 3 219459.68 73153.23 1.85 0.17
Error 1 20 791385.47 39569.27
Week 2 701273.79 350636.90 12.11 <0.0001
Week X Group 6 740480.21 12413.37 4.26 <0.01
Error 2 40 1158170.13 28954.25
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Fig. 5. The correlation between mean number of
correct choices, error rates and search
times after 8-arm radial maze task (per
Week)
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Fig. 6. The correlation between mean number of correct choices, error rates and search times after 8

-arm radial maze task

a. correct choice b. error rate c¢. search time
At 7 weeks,Group B, C and D exhibited significant behavioral dysfunction, compared to group A
; behavioral dysfunction was more remarkable tendency, the greater to number of lost molar

teeth.
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Table 3. Results of the change in number of hippocampal pyramidal cells (by ANOVA)
CA I

Source daf Sum of square Mean square F-value P-value
Group 3 403.66 134.55 33.66 <0.0001
Error 1 18 71.95 4.00
Week 2 2449.80 1224.90 169.01 <0.0001
Week X Group 6 770.41 128.40 17.72 <0.0001
Error 2 36 260.92 7.25

L CAS3

Source df Sum of square Mean square F-value P-value
Group 3 127.95 4265 6.62 0003
Error I 18 115.99 6.44
Week 2 6608.09 3304.05 964.34 <0.0001
Week X Group 6 321.69 53.62 15.65 <0.0001
Error 2 36 123.34 343

- cAd4 -

Source df Sum of square Mean square F-value P-value
Group 3 507.06 169.02 45.92 <0.0001
Error 1 18 66.26 3.68
Week 2 5238.50 2619.25 772.93 <0.0001
Week X Group 6 339.94 56.66 16.72 < 0.0001
Error 2 36 121.99 3.39

. %k p<0.0]
ESEE T il
I Mean SD 60:0000 wan? . ek
** ****‘ rj****
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CAl

CA3

CA4

Fig. 7. Number of hippocampal pyramidal cells
per unit area of regions CAl, CA3, CA4
(per Group)
In CA1 and CA4, Group B, C and D
showed a significant decrease in the
number of hippocampal pyramidal cells
than Group A. In CAS3, no difference was
found between group A and B.
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Fig. 8. Number of hippocampal pyramidal cells
per unit area of regions CAl, CA3, CA4
(per Week)
In CAl, CA3 and CA4, 7w showed a
significant decrease in the number of
hippocampal pyramidal cells the most.
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Fig. 9. Number of hippocampal pyramidal cells
per unit area of regions CA1, CA3, CA
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In CAl1, CA3 and CA4, Group B, C and D
showed a significant decrease in the
number of hippocampal pyramidal cells
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Fig. 10. Number of the TrkB positive cells per
unit area of regions CAl, CA3, CA4

In CAl, CA3 and CA4, Group B, C and D

than Group A in 7w. In CA4, Group B, C
and D also showed a significant decrease
in the number of hippocampal pyramidal

cells than Group A in 4w

showed a significant decrease in the
number of TrkB mRNA positive cells
than Group A.

Table 4. Two-way analysis of variance table for the number of TrkB positive cells
after 7 weeks following extraction

CA I
Source daf Sum of square Mean square F-value P-value
Group 3 2540.75 846.92 22.75 <0.0001
Side 1 24.08 24.08 0.97 0.34
Side X Group 3 93.42 31.14 1.25 0.32
Error 20 496.50 24.83
CA3
Source df Sum of square Mean square F-value P-value
Group 3 326.23 108.74 15.18 <0.0001
Side 1 0.02 0.02 0.004 0.95
Side X Group 3 13.90 4.63 0.78 0.52
Error 20 118.58 5.93
CA 4
Source df Sum of square Mean square F-value P-value
Group 3 191040 63.80 22.62 <0.0001
Side 1 9.19 9.19 3.82 0.65
Side X Group 3 1.23 0.41 0.17 0.92
Error 20 48.08 2.40
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[: hippocampal pyramidal cells
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B TrkB mRNA negative cells

Fig. 11. The correlation between mean number of hippocampal pyramidal cells , TrkB positive cells and
TrkB mRNA negative cells per CAl, CA3 and CA 4

a. CA1l b. CA3 c CAH4

In CAl, the number of hippocampal pyramidal cells and TrkB mRNA positive cells were the
almost samelIn CA 3 and CA4, the number of TrkB mRNA positive cells showed a significant

decrease than hippacampal pyramidal cells.

PN FEERY 2 21T - T & 12 —F, HEDS
THEYFRIFFE T IRAKRENZHI N THWS T

EM S, FHE OIS HRREHRER & I, B
Ftl7ce ZofER, K& 8 ARIAEGHAKES
LR U RBERNKEL, hkk THETHE
KER DB ENTEEHIBGEICH O haEL L
TERNE - oo T, 8 RIS T
W TEE D #2400, EREHOEZE & =M
HICIEREDBAR A EUNCFIM T 5 Z & 2390 -
foo LIchio T, AR TRIASEE A EH L 12,

5%, KRIKFREDRITISRECIE & (EEE
TEE LY, RENANOEYOTCENEET
H5IENE, KEOFBIE L EREER 2 A]
MENC—E E L1z,

KRR S L Otk FH L, BETHILL -
FHACHE - 7o FEERIIH L, thli% T8 2 25
I 1D SERBTHRE L1

FERBTEDE L, PR R b EFE D
FHoTW EDTHEDOHE IRV, LML
HIRTSERET S5 v MHEHEERTS L IEIC
Ef1ARTotkE L1

2) 1TEFHEIEE

”%%Eﬁﬁﬁ@ﬁﬁﬁﬁi KIRAD T —

FER T BEET) 2 FEM 9 5 I BINEL, AT
ﬁ%%ﬁ?élv—ﬁ,ﬁﬁ ENbED IR
FITICE L st & L, X ToVEERIT

KBOTHEDREL - -JEHTH 5 S HE L
1o

3) FHERSRTS S NS A B

ZERIFE GO IEEE R T O RIE A A1 = X 4B
L CRETd 2 7coic, B ARt ogt
RIDZ 5>, In situ hybridization iE4 BV, #E
EicE % TrkB mRNA EBABE L 12,

BDNF (3R ER DO —>TY, Mkl
DHELE - MBS L, MRS EYE &K O
FEAC v F 7 2AMEESIEIcEEE T s L s h
5o AHFF THET L 72 TrkB 12 BDNF 04 &
HISHERNEZBAE T, R mEORIER 2 E
THEEINTWVWAEY,

—f9ic, BDNF @7 vy A = —f{EBET
FHICREDGT 32 &7, wEICB T ARG
(LTP) FE®RICHINGT 5 2 &, BDNF &
TrkB (06 IC X 5 FE G EbEFE IV RD S
5l EVENMoN, TEFEERTD, KR
Mkic s v -~ #gEIAT BDNF BE ML
TV EDME " Md 5B, L»L, BDNF D
I FH 17213 T { TrkB-BDNF & & O (g
T BT EN Y F 7 RERED LI IF T
THBHY Eho, HWEIZEWT TrkB mRNA
BABET 5 2 L3, BDNF Ot o gt
IZH H g B AR RIIE B O R D A5 5
—Bh& 1B EEZI,



20 il B, Bk RF

5) BXNEIEREAL

BRI HEDOFFICHE > THEIE CAL,
CA3, CA4FEEE L, MBER, EiEL
EME~EES® 5", @BEZEOYMNIC X
0 RERRBEORIENSE T LY & OMED» O,
2 - B O MR RO T 0 L8 5 H
fESIhTVB,

CA 413, KIMEHEBEEHEEEH LRk, S
DIEERHIATT & 15 R OB ASIFRE™, CA
3 (I HMEAZE b S s SRIEEY, CA 1 IAKREITIC
(5 B I M HIASE A AE U A fRIE Y T h &
3EEn5, SfERIMAEOBENE—TDH
%2 &h 5, AIEERSER O Ml LIA OBy 2 bR
X HHHEAZEELTCI VP —7%&EL
1o

2. ERERICOWT

WAD OB E TOLMMAEE L CHMOK
BEXECEEEABD TR, (KEOEM) S
HTEABPREREBICEEBINLD -1,

TEPENEEICEB VT, BREREPEES
DITPE - T, IBEREEED, © 5 83,
HITHEBEEL, COMEEIE THETEELRD
D, TECOREE—H LI, 2%, KEDE
B3Pk, TR TERIFERIERICRENT
{ B ATREMEDSHR S 1 - T2,

TEESE AR, CALl, CAATIHA
Bl TB, C DEThZEnERICEDL
tohs, CA3TIE A, BEUCERUL-T, %
tz, CA1ECA4TRIELDG 4, THELE
BrlcBEICRD Lihs, T2TH CA3Efh
EE— ARG 4BTOTMITEMERLE
ps, THTROWSFNOREEE bFRICEDLT
Wiz, CA 3 IZNNERIC & BITENEEAIEEI DIET
LIRS —ET AP EEDN TV S,
k% 4 B 1286 3R 72HEE T H 0 O
BINA 212 B ICERT 3 2 L RETH 57,
F 72 Bsmiac O II R A TV S O & FR
Lo FEEVIIHBAN T, Onozuka™ (38§
TIba T SR DR A HE L TV
%, PRtk OB R BRI RIS

B2V b00, BEOIBENEIICKSLHE
TS A MR IR 5 T EARIRE 1,
LM OB Ip T 5 2 ENEZ SN,

R & Rk R DBIERB O HAERIER» 5 W
THOBHEMAERIcBVWT S LBETEREMICER
1< 4 BTIZ CAL TOAEICEEARD, T
BETIECALl, CA3, CA4 &b AFITHL
<, B, C, DEREECH D LI, 2F0, H
HEERERIAE VISR, BRI
WS ARIEE R WE T IMEY LT 55
Bl t2h, CA4 CHERSINWICBEHOMIZ
R, KIMEERGEESE P RkiED» o OfF
AT B B OB ASIRRIES & W S EL
IRt DR EF AT,

TrkB mRNA BHARIEEL T X T OEREH
e A B IR L TB, C, DEREEIDE
Motie ABHCH VT CA | THgEEAMRE M
fa%c & TrkB mRNA BBiEHIRaEU3 12 IZ[ER T
Hotc &, CA3, CA4TlE, TrkB mRNA
a2 002 O HIROBHED S
U ESE ARSI IZ F D13 & A EDFEHEER
12BA(%d % TrkB mRNA [BiHAmians 5 5 <
EMIRSMITIE - 12,

% 7, EE#AMERRRORDL L BT
TrkB mRNA BiRIa 0RO NBE s N
T &g, FAssEkIc e D FERREE R
AR M L D ERRsh s & LT
DERY —HiHIAS, MBI
HEEHERIC 5275 BDNF 25 ABT&EWI &,
4 75HH TrkB mRNA DD v F 7 R s
ZET &, EEHAMERRoRD 25 Zi
CL, HERELTHFEHREREAPERT LV
I A H =X LBPEERI NI,

L] i

FIMGEE B EL O & \ AS R AN I BT 9 %
ARSI 5 EHNT, JERER (ABD, b
A — kR (BB, EFE— H&E
WEEEE (CED, FE—, =, =Fltkk# D
B Ito0T, TERIFEHRER R AR
wmia%g, TrkB mRNA Bl OB - 3



TrkB mRNA FH» 5 A7 5« b FARELEHEEOZ T & SR INEEE D BEE 21

A omEfL, LITofsEsEsi.

1. kit o eI 4@ U B kE:
ZERDIL» o1,

2. k%1, 4BTRIESERE =351
RITEER & B ICRBEOERIAS A TR » - 1
hs, TETEEEOZENIAME & 15 BTREE DI
A A O ZERIFE RO AR IR TN L 7o,

3. BRI L A BRI HE L T B,
C, DHTEEILDLE L, FIcCA4TBLWTI
BRI BRBEDENE U 12,

4. TrkB mRNA [BHMAEEIE A B L
TB, C, DEHTHEILDUD - 1o, imiEHEAH
SR DIE E A E 1L TrkB mRNA BBHEHINE
TH -7,

PiEXY, v FERERIC KO EHEHEEA
S4B, TrkB mRNA FRMEfHRaEASED L
122 &5, TrkB 3, BDNF A2 AT,
BRI R WL S B R, ZEE
MBI E A T T AfREE SR S T,
F 1o, FEEAEHOEVICE > THEES N
BT EMTREE N

BEKAZICHID, BPBEBE & CT1EE
AZIEEF L BEHD A EHIICR L 5
HEARTLELEBIC, ZLOHTEEESZL
teE FEM RS IR R S — =
BEALE O I RFFRAESOITL L D ERH 7
LFd,

1H, KRXOESRIFEIEIHARHEHRER
FARMIAS CERRI6MES H21H, HED I0H
WT, FOBEAREEL 1,

X R

1) T3 R EOEEPSRMEIEIC RIS T 22
BT B ITEEN,  HERSERIRT,  RREEE, 48 ¢
299-311, 1999.

2) Per K FEOREXRHOM|RNE T v FOD
E R IR 1< M3 9 B2 — FIE I & IR e e b))
BRoDE G —, HifREE, 46 : 185-194, 2002.

3) MERIE . THISESR O AHERER, BORE,
35: 1-5, 1990.

4) SERERAT B, RS, X B
KAFEBEHENIEE-Y 2 (SAMP1) OKE - &
Lt iZ 3528, /NRBEEE, 371 798-809, 1999

5) Leibrock,]., Lottspeich,F., Hohn,A. Hofer,M,,

Hengerer, B., Masiakowsk-i, R, Thoenen, H,
Barde,Y.A. : Molecular cloning and expression
of brain-derived neurotrophic factor. Nature
341 : 149-152, 1989.

6 ) Minichiello,L., Korte,M., Wolfer,D., Kuhn,R,,
Unsicker,K., Cestari,V., Arnaud,C.R., Lipp,H.P,,
Bonhoeffe-r,T., Klein,R. : Essential role for TrkB
receptors in hippocampus-mediated learning.
Neuron 24 : 401-414, 1999.

7) Kesslak,].P,, So,V., ChoiJ., Cotma-n,C.W., Pin-
illa,F.G. : Learning up-regulates brain-derived
neurotrophic factor messenger ribonucleic acid :
a mechanism to facilitate encoding and circuit
maintenance ? Behav.Neuro-sci. 112 : 1012-1019,
1998.

8) MizunoM.,, YamadaK. Olariu,A, NawaH.,
Nabeshima,T. : Involvem-ent of brain-derived
neurotrophic factor in spatial memory Forma-
tion and maintenance in a radial arm maze test
in rats. J.Neurosci. 20 : 7116-7121, 2000.

9) Olton,D.S., Samuelson,R.]. : Remem-brance of
places passed : spatial memory in rats. JExp
Psychol. : Anim.Behav.Processes. 2 : 97-116, 1976.

10) Paxinos,G.F., Watson,C. : The rat brain in ste-
reotaxic coordinates, 4 th ed. 1-78, San Diego :
Academic Press, 1998.

11) Asanuma,A. Yamauchi, Y. Koga,T. Katay-
ama,l. : Suppression of age-related changes in
mouse hippo-campal CA 3 nerve cells by a free
radical scavenger. Mech.Ageing Dev. 83 : 55-64,
1995.

12) Dragunow,M. HughesP., Mason-Paker,S.E.,
Lawlor,P., Abraham,-W.C. : TrkB expression in
dentate granule cells is associated with a late
phase of long-term potentiation. Mol.Brain Res.
49 . 274-280, 1996.

13) AT, /IR, TIER, HpAR, FHE
f, BHEE: 5o MBI B3ERIIES TN
B4 c-fos mMRNA BRI KIFIHE -2 b L2 &
DREE—, HigEE, 48 173-182, 2004,

14) HPAR, dARKf, TR, S#lL(E, EEi
Y EREEEEERE ORI F W B B iERER
B OS], HEREE 43 : 363-372, 1999.

15) SPE#, BIRES 55 N OLEAEICBIT S
BT O - R IREREEEL DL E LT, E
Py - KR - TED, 3 : 99108, 1983.

16) Connor,B., Dragunow,M.: The role of neuronal
growth factors in neuro-degenerative disorders
of the human brain. Brain Res.Rev. 27 : 1-39,
1998.

17) Connor,B., YoungD. YanQ. Fau-llR.L.M.,
Synek,B., Dragunow,M. : Brain-derived neurotr-
ophic factor is reduced in Alzheimer’s disease.
Mol. Brain Res. 49 : 71-81, 1997.

18) Castren,E., Pitkanen,M., Sirvio,]., Parsadanian,
A., Lindholm,D. Thoe-nen,H., Riekkinen,P.]. :



N S

The induction of LTP increases BDNF and NGF
mRNA but decreases NT-3 mRNA in the den-
tate gyrus. Neuro.Report 4 :895-898, 1993.

19) Croll,S.D., Ip,N.Y, Lindsay,R.M., Wiegand,S.].:
Expression of BDNF and TrkB as a function of
age and cognitive performance. Brain Res. 812 :
200-208, 1998.

20) Beck,K.D., Lamballe,F., Klein,R., Barbacid,M.,
Schauwecker, P. E., Mc-Neill, T. H.,, Finch, C. E,
Hefti,F., Day,J.R. : Induction of noncatalytic
TrkB neurotrophin receptors during axonal spr-
outing in adult hippo-campus. J.Neurosci. 13 :
4001-4014, 1993.

21) Milner, B., Corkin,S. : Further analysis of the
hippocampal amnesic syndrome :14-year follow-
up study of H.M. Neuropsychologia 6 : 215-234,
1968.

22) Morimoto M, Morita N, Ozawa H. et al. Distri-
bution of glucocorticoid receptor im-
munoreactivity and mRNA in the rat brain : an
immunohistochemical and in situ hybridization
study. Neurosci. Res. 26 : 235-269, 1996.

23) Kadar, T, Silbermann,M., Brandeis,R., Levy,A.:
Age-related structural changes in the rat hippo-
campus : correlation with working memory de-
ficiency. Brain Res. 512 : 113-120, 1990.

22

BA KT

24) Morgan,S.Z., Squire,L.R., Amara-1,D.G.: Human
amenesia and medial temporal resion : enduring
memory impairment following a bilateral iesion
limited to field CA1 of the hippocampus. J.
Neurosci. 6 : 2950-2967, 1986.

25) Kirino,T. : Delayed neuronal death in the
gerbil hippocampus following ischemia. Brain
Res. 239 : 57-69, 1982.

26) f&ILHEED @ IR IC & B EERAII S Z b A3 SRBAHET
IS RIE T I BT A RIEMAAIIIZE.  RES,
35 :598-612, 1968.

2 MEERE, FONEEL, PRI, HEHERE], TR
N, FHE, SHEER: A RASERHAT v O
FEENC RIS HE B AREERSERE
FEICTIITHE, OREE 40 :377-383, 1991

28) OnozukaM. WatanebeK., Mirb-od,S.M,,
Ozono,S., Nishivama, K., Karasawa,N., Nagatsu,l.
: Reduced mastication stimulates impairment of
spatial memory and degeneration of hippoca-
mpal neurons in aged SAMP 8 mice. Brain Res.
826 : 148-153, 1999.

29) MUBEAHE, FEREIUA, M LA, B, PG,
BIEAFIE, SLFEE—AR . Nk O HEEA P E(L
(R 5 v~ v 2 DigEMEAEMRIIC KT T8 -
FeREERRGT —. ZIFMY:, 16 : 327-335, 2002.



