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WE B AU B R T UG 4 K BN D R iR M & FOBTENLH] . 53 3~4 J (w)
W TENE SD R EBENL T AXTHRAL (n=10) , TG4 (MR) 4 (n=30, H MR 4 X5 N
1w, 2w, 4wit3AT4, F410 ) » MR 4K R & BESET KR L8 1 &
i, SEfERE=A 2~2.5 mm FfEIR, MTA B AU AR B K SRS TAT
] F . EIEBIS Lw. 2w, 4w 4358 Morris ZKIKE . Y REE . BRI B 5056 2%
AT 5 SR T T AL 408 K BR8] 5 2] e JJAIEAZBE I MR2 . HE et e IR (i 4%
544! CAL. CA3 J DG XASULAFHINAE: Sz Sk CAL, CA3 J DG
DR LR 8 2 1 B (TrkB) (8 H &L /KF: Western blot 45l S 21 21 TrkB/BERR L
B2 3—¥ilE (PI3K) /AWM B (AKT) @KL L; gRT-PCR K& Western blot & &
SINTHE PR T AR SCER ;. Bel-2 A2 X BB (Bax) B 4Hffek -2 &1 (Bel-2) | 2
R4 I§-3 (Caspase-3) 84k, GR AT LKA MR 4J0H 2 MR4Aw e ]
2 AHCIZBE 1 T T IRZE . MR1w. MR 2w 4155 (P<<0.05) . HE Jefi iR x R4l
HEPRZH I HES B S HIEARN, 1 MR 4UKRES CAL. CA3 [ DG X4/,
FIRRERANEE S, R4, AR R, B IRPL (R MR A8 IR/AMESZ 41 5ULFE, MR
41 TrkB/PI3K/AKT 1Z Sl EHIE, p-TrkB. PI3K. p-AKT EHAFEZX LiF (P<<0.05) ;
Western blot #1 gRT-PCR &7~ MR il LR T8 1 Bax. T8N [ Caspase-3
R (P<0.05) , #IfIHLIHT-EE Bel-2 MRiA (P<0.05) . &l TFHUE 410 KR
WiThie, SEMARIS % 0128870, ATRGE L TrkB/PISK/AKT {5 5@ 5 Sl P4
TG T SEH .
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The impact of mandibular retrognathism on memory and cognitive function in
rats

Li Qingchun'?, Han Quancheng'?, Liu Xiaoyu!, Wu Tingting'-
('College & Hospital of Stomatology, Anhui Medical University, *Key Lab. of Oral Diseases
Research of Anhui Province, Hefei 230032)

Abstract Objective To investigate the impact of mandibular retrognathism on brain function in
rats and its potential mechanisms. Method Male SD rats aged 3 to 4 weeks (w) were randomly
divided into control group (n=10) and mandible retrusion (MR) group (n=30), with the MR group
further divided into three subgroups: 1, 2, or 4 weeks, with 10 rats in each subgroup. The MR group
used modified metal tubes, which were bonded to the lingual side of the maxillary incisors in rats,
forcing the mandible to retract by 2 mm-2.5 mm, thereby achieving the goal of constructing a
mandibular retrognathism model; the control group received no interventions. The effects of
mandibular retraction on the spatial learning ability and memory ability of rats were explored by
behavioral experiments such as Morris water maze, Y maze and new object recognition 1, 2, and 4
weeks after modeling, respectively. Hematoxylin-eosin (HE) and Nissl staining were employed to
observe the histomorphological changes in CAl, CA3, and DG regions of hippocampal tissues;
Immunohistochemistry was employed to detect the protein expression levels of tropomyosin
receptor kinase B (TrkB) in the CAL, CA3, and dentate gyrus (DG) regions of the hippocampus.
Western blot was used to assess the expression changes in the TrkB/phosphoinositide 3-kinase
(PI3K)/protein kinase B (AKT) pathway in hippocampal tissue. Quantitative analysis of apoptosis-
related proteins in the hippocampus, including Bcl-2-associated X protein (Bax), B-cell lymphoma-
2 protein (Bcl-2), and Caspase-3, was conducted using gRT-PCR and Western blot. Results
Behavioral experiments showed that rats in the MR group, especially the MR4 w group, were
significantly weaker in learning and spatial memory than the control group, MR1 w, and MR2 w

(P<<0.05) . HE staining showed that pyramidal cells in the control group were arranged orderly
with regular morphology. In contrast, the MR group exhibited a reduction in the number of cells in
the hippocampal CA1, CAS3, and dentate gyrus (DG) regions. The cells were sparsely and irregularly

arranged, with nuclear condensation and enlarged cellular spaces. Nissl staining further



demonstrated damage to the Nissl bodies in the MR group. Meanwhile, the TrkB/PI3K/AKT
signaling pathway was activated in the MR group, and the expression of p-TrkB, PI3K, and p-AKT
proteins was up-regulated (P<0.05); Western blot and gRT-PCR indicated that MR up-regulated
the expression of pro-apoptotic protein Bax, apoptotic effector protein Caspase-3 (P<0.05), and
inhibited the expression of anti-apoptotic protein Bcl-2 (P<0.05). Conclusion Mandibular
retraction impairs brain function and affects cognition and learning memory in rats. This may be
achieved by regulating the TrkB/PI3K/AKT signaling pathway to induce apoptosis in hippocampal
neurons.
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W T 1) 50% ~ 6096, AN 5 M £ 3 1) THIFR AN WUR 1 s ThRE, 38 ml REXT B 00 R B 7 AR TR 5
i) o 71 FL PR RS 4 T  BUE AR AR, 1 4G D BH ZE B R PR IR T 45 25 S AE Cobstructive sleep
apnea syndrome, OSAS) A= [ XU, T RS J57 5 22 1 B) BRCPE B4R 45, OSAS fE HI2E
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TG E B KW S S Az e o E M, AT APIRIE, TR AT
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1.1 SEBFY)  ARSERCR A SPF 2% 3~4 JH I HENE SD KL 60 X, A& 150~180 g, T H %
BAasERmsY L, WIRTZBERR Lm0 KRR, 85 1, AR
A KR BEE YUK S ARSI R, 2§, 12h/12h BIREASE, P8 I 2 )



£ 24°C~26°C, AHXHZLE 50%~60%. Fr A KRB ATHATIE M IERSE 1 JH, AR
FAFR| T 2 WIERRF LS FZ R st (iS5 : T2022003) .

1.2 EEMEAUEE  2%HRELL 28 (EE Sigma AF], 85 P3761) ; HE Jfiki|
. BCA HAZERAG (LIRS RAEMARAF, $25: C0105S, P0012) ; JE Ryt
R E LR RERERAR AT, $25: DK0022100) ; TRIzol GHIFE LRI AMA TRA
", 18%5: AG-TR-100) ; PrimeScript RT i{##&. NovoStart SYBR qPCR SuperMix Plus i
# & (HZA TaKaRa A%, $25: RR0O37Q. RROI2A) ; PBS ZE ¥ MR HTEB E -
DAB Rt (ALl EMEMARAR, 85 ZLI-9061. ZLI-9064. ZLI-9017) ; %t
% A R 521K B (tropomyosin receptor kinase B, TrkB) #iif&. Ryt IRBLIIEE 3-B4E
(phosphoinositide 3-kinase, PI3K) #iifk (3£[EH Abcam A #], 1%%5: ab187041. ab302958) ;
RPUEE B B (protein kinase B, AKT) Fitff. %bififfit AKT (phospho-AKT Ser473, p-
AKT) ik, GPuiiiRit TrkB (phospho-TrkB Tyr816, p-TrkB) Puih. ittt K4 HE-3
(cysteine-aspartic protease-3, Caspase-3) Fiiff (3E[H Cell Signaling Technology 2~ H], 15
9272+ 9271, 4168. 9662) ; WHL B-NshE A (B-actin) Hifk. fdit BCL2 K X & (BCL2-
Associated X protein, Bax) #iff. i B ik EIE-2 £ (B-cell lymphoma 2, Bel-2) $it
R, AR SE ALY (horseradish peroxidase, HRP) Fric L 2EHi % — i+ HRP #picd Bl =E
PR =Pt (WML AEMEARGR A, $85: EM20112. SZ3-07. ET1702-53. HA1001.
HA1006) ; /KB, Y &, BAERRSmAE QLasaiiEwRHEARAR, 5.
SA201M. SA204. SA225) ; HLUKAC. HIJKAE. B, RAem o R (REREEARA
7], %5 JY300C. HE-120. VE-186. Tanon5200) , Mx3000p qRT-PCR £ 4i (3£[H Agilent
A, A5 Mx3000p ) .

1.3 SERTTIE

1.3.1 ZiBARLH & &0d 7d MIERHE, KRAEERITAEE 12 h, BT SD Mtk K RbE
L NATHRZL (etrl /MR O ) 5 FAE46 1 A4 (MR 1w) « G465 E 1 & FaUs
42 FH (MR2w) : (ERG4E%E 2 i FNAUS4E 4 JHH (MR 4w« (R4 E 4
JE o X RREAAT AT AL, N RIS 48 20 22 RH QTR ARG A 77 V2 9 I A0 ), ¥R E T
THTE 5 AR 7% T ORE S TR RS HEAE 2 RS 2 &0, 38 A AR 2~2.5 mm (15 IR,
LSBT A0S 4B AL 1Y) E

1.3.2 Morris KR ESER: ARSI 43 NP B 2 (EER R M BRI E AL AAT B B o 2 (R R R -

RAFMAE QI K, YIZE 60, FK 4 . BB Lmin HARE H T4,



WFH TR HSI SETE, AT KRIEHRT6 LEW 155, E8IZ 4d. EAHIAT:
M5 RIFU, K TG, BRREGFESRRBA K, AP SA201v2.0 i
FIHTRBRIIZBIIE . BRI TP G, & RIRICT-G FT7E H A SRS B 18 6]
FOER PRSI BB, 1B A VPAG KR 5 2 02 (B AZ e T (K 4R o
1.3.3Y 3R sein SHEMISCHRTAT T Y SE e, Y BR S E i 3 AR T
GEIAE T Hravs 11, AT a0 Y AN IE IR AR B, DU kA I U5 29 i i
WHCAZ MK WCIZ I TR . ARSIl 2 oA m. HELELR: KA KR LA E R
N, JFTERRE A E HVEZ) S min, 1R EESRMN, 10RO B £ BTN A
INHIIASC S : OGRS, L RRIIES S 2 NMEH E HIRER 8min: 2h 5T IFHIHUE,
AL FE S0 5 min, T0SRAEREANE A AOER R I [ R RE DL SGRE N AN AT, A At il
sl EIRRUVANE =1 AN
134 FARIRGISER:  BGEIBL REBRRAE 1| ATt kAT 10 min (1
IR ZRIA N K 2 A AH R BB K 1 AN IR By 55 1 S Ik, ok KR
BUBAIZ e B AR R 5 min, #EFHICRE RS AR BUH @A LIS (], B RV,
RBARBIAIX 535 IH IR e 71 BRI B0 A O IRZH R )/ GRE
kLNl NEIRE 7 L /RN TP
1.3.5 FEACREEANGLEE  FERJG | AT N2ESRI0 45 UG 24 h ARSERTA R BRI 2. X
GIRAE, A FRER KA 10% FF RSV HEE: « 373 x4 21
HELRPREE, T RABUEE T, 0K B AR S0 DAk, I3 RIA-80 °C
UKAEORAF LM J5 IR BUE 2R 1A RNA.
L3.6 HE Jeta, JEIRUet  MPI i, WiK)S, J3AORE St 5min, /K¥E 1min, R4
BE534k 30's, JKPE Lmin, BREREEWEIL 30s, /K¥E 2min, L4t 5s, /K 2min, BRE 4
WEAK, A, R IS 7 R TSR . A e IR s R S x U kAT S
o, ERGESFHIE R RN, DRSS A, ET AL AR .
1.3.7 FEEASEs Y S HARBE S, SHTRUEIE R, SR 3% E A 15
min PABH KT Y J5 A SE A YD, 5% L1 2 L 35 P 2 h, S5 P UG %0 & TrkB —41(1:50),
%2 K PBS ¥ 3 IX; Bfif55 HRP 45410 1gG —PL=1IFH 60 min, PBS ¥t 3 /X, DAB &
@ 1 min, FFPAKEEYE 2min, KBE 1 min, FHEEAEZME 30s, /KPE 1 min, £ LEEGK,
PR R e, R RS .

1.3.8 Western blot 524 BN Ripa ZERRAEAGIRIA S F B DA AR H, BCA

ELEEZEh (60 mg/kg) X K B SEHtZ



A EAT I H R R T B AR B 2 TR £ 10%EK 15%0) SDS-PAGE #EH T HLikK -

b 5 ¥ 7 2 PVDF IR EREAT RN, S%MilE A= ghrhdf 4] 2 ho /S TBST ¥k 3 Ik, IS5 5xfkr
JEREARI —PUAE 4 °CREIKIF B 18 h, PASEARALHE B-actin (1:1000) . TrkB (1:500) . PI3K
(1:1000) . AKT (1:1000) . p-AKT (1:500) . Bax (1:800) . Bcl-2 (1:1000) . Caspase-
3 (1:5000) . FIAIRNS HRP 4541 1gG —HT (1:5000) =R E 1h. ECL K6 LKL
REEER (RO B (457, Tmaged BRI /M1 8% 2675 K BE AR

1.3.9 qRT-PCR il ] TRIzol #&HUE LA RNA, @id PrimeScript RT {564
RNA 105454 cDNA. £ Mx3000p qRT-PCR %4t Ff§ ] SYBR qPCR SuperMix Plus /< M. ik
HIRFEHAT qQRT-PCR 43#7. 5190 LA TAYHRAF A K. B-actin LiiF514) 5-
CTTAGTTGCGTTACACCCTTTCTTG-3', T34 5'-CTGTCACCTTCACCGTTCCAGTTT-
3, Bax L ¥f 5] ¥ S5-TTGCTA CAGGGTTTCATCCA-3' , F %7 51 ¥ 5-
GAGTACCTGAACCGGCATCT-3'; Bel-2 L5149 5'-GAGTACCTGAACCGGCATCT-3',
W 51 ¥ 5-GAAATCAAACAGAGGTCGCA-3' ; Caspase-3 L i 51 ¥ 5-
GTACAGAGCTGGACTGCGGTATTG-3', R 54 5'-~AGTCGGCCTCCACTGGTATCTTC-3'"
1.4 Giit4b3  KH SPSS 25.0 JitAl GraphPad Prism 9.0 #3547 S206 45 B G104 -
Fis &5 R UL B EEARE 2 (eks) Romo P ELECR ¢ AR5, 22 20 18] 1) L8R A
IR 20T, HFHET Tukey FERIER . P<0.05 NZERA G348 L.

2 R

2.1 FHUB4EXN KRN SEWRIZREAIMIEN 7 IFAh N 85US 40 X B WG T BE (K50,
HAFHAN RS BEEEME RN TOUSHRE . G5 4 8500 18 5 H 2~2.5 mm 42h
4~5mm, HUIGIEIE R @ EE S NS4 a7, WE 1. 23037 MR 1w, MR2
w Il MR 4w i, SR Morris /KR E Y 2B AHIAAA IR SEI0 PG T K BRI A: 2 | g1z
WHEIRE /). FEKEE SEith, AR R FIERERRIF LG IERANAE 2. £ 4
RGN Sa , xoF B B 5 R s AR FIBE W LR SRS A0 N B N B AR, 17 MR 41K
BT ZERESN AR 0 (B 2A) o X RIS IRAAM L, MR 4KR M7t 2/
SSTRE S TR B e R AR A 45 SR BN, MR 1w 2H(21.66+1.86)s 54 IR A1(17.42+1.13)

s 2L EEZES. R, FEERFREK, MR 4K RSB R IN, 2765
TR (F @5=52.80, P<<0.05) . BtAh, BEERAIREE, MR ARBTG5 8K L
BEAT MR, ZERA SR L (F ws=7291, P<0.05) . [FFEH, MR2w 4181 MR 4w 41

KEAE B A SRS 88 (i [a) o T B 4H (1=4.47. 7.96, P<0.05) . W& 2B-2D. X%



BEE I [AHERS , 1 85 4 2 2 BOK BRI AZ T BEIZ TR -

N T B BIAE R RS g0 I DI RE RSN, BEAT T Y RREINK. Y XK E L T
B R TANFEAR RS s . MR 1w 41 (72.46+1.88) % KR H EAZE EMRE%A A
B . SRTT, MR 2 w #1 (55.73+4.62) % MR 4 w 41 (38.31+4.36) % 5%} HR 41 (75.66+3.30) %
FHEL B BB EHR R (¢=5.05, 8.13, P<<0.05) , XFHIKBING RGN TR, o,
S EHCAZ VPG 45 R o, BEE (R AOHERS, SR (62.77£3.47) %HLL, MR 41K RAEH
VS R R AL 5 BV D[MR 1w (48.29+3.48) %, MR2w: (38.70£1.86) %, MR
4w: (20.97£1.43) %,t=3.76. 6.26. 10.86, P<<0.05], FWI KR MIZHCIZEE %2, W
B 2E-2G. Htfi, HIRBISLRSs R (B 2H-2D , EiERL 2 AR 4 JHJ5, MR2w Al
MR 4 w 4K R FGH AR EUR T X R4, 2 7 A Gl %5 L (1=4.56, 7.71, P<0.05) .
HT AR ) S8 9 8] K R I8 B AR B E— IR AE T MR XK RIS AZ AR5 .

K1 GEAEEASREERER
Fig.1 Modeling Flowchart and Modified Metal Crown Sleeve
A: Horizontal distance of overbite in front teeth before modeling (1 day prior) and 0 day, 1, 2, 4, and 6 weeks after modeling; B: Modified
metal sleeve device: with a diameter of 4.5 mm and a height of 8 mm; C: Statistical analysis of the overbite distance in front teeth at different

time points; *P<0.05,**P<0.01 vs MR 0 d group.



2 TREERTR RN S % 3R 288 F R

Fig.2 The impact of mandibular retrusion on cognitive, learning, and memory abilities of rats
A: Representative motion trajectory diagrams for the fourth day of spatial exploration and the fifth day of place navigation; B: Comparison
of escape latency among groups; C:Comparison of platform crossings within 60 s among groups ; D:Comparison of time spent in target
quadrant (%) among groups; E: Comparison of spontaneous alternation accuracy among groups F: Percentage of time spent in the novel
arm across groups; G: Representative motion trajectory diagrams in the Y-Maze; H: Comparison of novel object recognition index among
groups; *P<0.05, **P<0.01 vs MR 0 d group; *P<0.05 vs MR 2 w group.
22 THEHSBRARESHLTHREFNE 5P CAL. CA3. DG Xkt
JeXt A S B AL B AN G, @I HE Y M KM & CAl. CA3. DG XJ¥
AR, XEHE SR XEE LT P, R, BZEOR: SXTRAML,
MR g B IX P2 Te POy AL E MG, AR AE IR G, A% [ 4 . RS (& 3A) &
FHIG AL e IR 5 R IR (K 3B) , fEXT IR, AR IEMT, Jé IR/MAIT .
FHB, MR ALBEA I 18] (O SE A 8 B/ B 32451, et A0k, UL tiiht R . LR g R,
R BT AU 4 6 87 B BRI RN ) R RO R DX A 2R T 25



B3 WISAH HE, BRPELERE
Fig.3 The results of HE and Nissl staining in hippocampal

A: Representative images of H&E staining in different functional areas (CA1, CA3, DG) of the hippocampus; Black square: Area of sparse
cell arrangement; Black arrow: Pyknotic nucleus; B: Representative images of Nissl staining in the hippocampus; Black arrow: Normal
Nissl bodies; Red arrow: Damaged Nissl bodies; Green arrow: Chromatin condensation in the nucleus.
2.3 THE4EE0E TrkB/PIBK/AKT @EEHIFRIE i LA K JZ TrkB ik 384k 2 520
INEIDRE . I 3 2 AL G o0t i T 2H 2R € X Trk B HRIAHEAT € &0 45 R R
TrkB 7E MR 4 5 Hh )2 IABERS (AT AR . 5XTREZAHEL, CA1 X1 TrkB RIATE MR 2 w
4. MR 4w BN (1=14.10, 23.73,P<0.05) , MR 4w 4% MR 2w A1 (1=
9.63, P<0.05) . f£ CA3AIDG [X, MR 1w. 2w fl 4w 4L 5xEAEMEL, E=RHEE5
27 Y (CA3:t=6.26+ 1590, 28.74, P<0.05; DG:1=3.99. 11.94. 17.42, P<0.05) . 1t:4h,
7 CA3 1 DG X, 5 MR 2 w ZHAHEL, MR 4 w 41+ TrkB [)RIA8 N (1=12.85, 5.48,
P<0.05) . WK 4.

Western blot 45 5o, FEERRIFZER:, MR 20 TrkB ISR ALK &8 Eil (F ww=
211.6, P<0.05) , p-TrkB 7f MR 4 w ZFIRIEM LA RA M EA 5 (1=14.48, P<0.05) .
E TrkB ZRAK (1 AH SAL ) §7i 2 HH A F 90 26 3 %3 PIBK/AKT il #% . Western blot &5 R iR, 5

SHEZAAI L, PI3K fEIEM MR 1w FFUETHE (=3.83, P<<0.05) , MR 4 w It H B8 A A



BT E (=996 ,P<<0.05), H MR4w 45 MR 2w A2 B EA G FE L (=4.57,
P<0.05). AKT 7E %21 2 A T 5 204k, 1B p-AKT 223k B [ I 18] AR Ak T 889 N CF 2=107.3,

P<0.05) . VL Lgh BRI TG4 E0E 7 KBRIE S AL PBK/AKT E 5@k, WA S.

B 4 THUS4EM TrkB KRIE
Fig. 4 Mandibular retraction increased TrkB expression
A: Immunohistochemistry images of TrkB proteins in different functional divisions (CA1, CA3, DG) in the hippocampus, x200; B:

Quantitative analysis of TrkB positive areas; *P<0.05, **P<0.01 vs MR 0 d group; *P<0.05, #P<0.01 vs MR 2 w group.

5 THUGYHIE TrkB/PI3K/AKT B HIRIE
Fig. 5 Mandibular retraction activated the expression of the TrkB/ PI3K/AKT pathway
A: Western blot analysis of the expression levels of TrkB, p-TrkB, PI3K, AKT and p-AKT in each group; B: Quantitative analysis of the
expression levels of p-TrkB, PI3K and p-AKT; *P<0.05, **P<0.01 vs MR 0 d group; *P<0.05 vs MR 2 w group.
2.4 PBK/AKT BEHBEMEDLMHETHT.  PISK/IAKT @ 5400 % UM, @it
Western blot £l PCR I #5240 K SR S A SUh R T A S/ PRk . 45 R I, BEAE I A1)
HERZ, PISKIAKT JE S 5 (2 A T2 1 Bax [MRIAACFII (F 4=150.6, P<0.05) , 3

MR 2w . MR 4w AENIRAZET BAGIH2E L (¢1=7.27, 10.88,P<<0.05) . Bax [



mRNA Fik Kt B A FE S (F es=614.1, P<0.05) , FERFHATIEE Bel-2 1
mRNA FIE /K BERH AN (F 2%=549.7, P<0.05) . HRZMPTRNEH Caspase-3
(2 AT mRNA FIEKFE MR 2w 1 MR 4 w 4Lt )0 (4. t=13.27. 14.80, P<0.05;

MRNA: =11.25. 22.02, P<0.05) , XL&H¥s R0 T AUG 4 A 2 PIBK/AKT 7] Al id

S-SR, IR A TR . WK 6.

Bl 6 PISK/AKT @B Rt IMHE T
Fig. 6 PI3K/AKT pathway promoted the apoptosis of hippocampal neurons

A-B: Western blot analysis of Bax, Bcl-2, Caspase-3 protein expression levels and quantitative analysis; C-E:
Relative mRNA expression of Bax, Bcl-2 and Caspase-3; *P<0.05, **P<0.01 vs MR 0 d group; *P<0.05 vs MR 2 w
group; MR: Mandibular retrusion.
3 Wik
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