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Abstract

The core of orthodontic treatment lies in the application of mechanical force to induce tooth move-
ment, with alveolar bone remodeling and soft tissue responses playing key roles in this process. In
recent years, researchers have increasingly recognized the potential of natural products in regulating
this process. Cordycepin, due to its effects in anti-inflammatory, bone repair promotion, and immune
modulation, shows potential value in the process of orthodontic tooth movement. Meanwhile, other
natural products such as Epigallocatechin-3-gallate (EGCG), Sinomenine, and Asperosaponin VI have
also demonstrated potential in regulating bone metabolism and inflammatory responses. However,
related studies are still in the early stages, lacking systematic evidence. This review systematically
examines the biological regulatory mechanisms of orthodontic tooth movement, discussing the bio-
logical effects and potential of cordycepin and other natural products.
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1. 53|

WA YT IR U I (A A R 3, & AR LR o R S S A, B Sl i R i
sKAMIEE TS SR, ARG0RITH MR R TR, B R 55 i i, 7™ 5 T A
BFVRITIRZ . IR, RV B&PU . PUEAR T E AR 2 EAEMETE, SOy RS R A
VIR S ER B 7. 5& AL, RAFWIEZ S ERMAY M A E R RS, NHEAE
PRI EYRYT o Horb, BB ERAE NS ME R R EE T RSY, TEREW. PURCH AR R
RIS BAh, REETILAR-3-KE TIREN(EGCG), # X (Sinomenine), Asperosaponin VI 25K
SRR I AT R O BRI ). HATEZ RAMELER RAE R, NHRHE R, 1EI1ER
TR BN AP AL S T PR] Bt . A ST S E BRI O G RS B K AR R L el B, b R
L AR IR IAE Zad R b B/ E AL, O FAE D IR 4 B Ve o7 S AL B8 S SR 78 07 1) .

2. IEERZFBRIBEMZENE
21 ERATHFEEEER

TE M 5 A 8 B B AZ DAL 2 S R A ShAS Ol e, AT e 3 I P W WA 5 5 0 000 ) B TS BRAE 3
()M 8] o o MU DA 2 R i e, 8IS F R (PDL) AL 20 M, 5l R RS EARHRE 30K
AR o AEHIEM, SR ER AR, T AR R AR A, 5 A F 4L (osteoclast) AT A H 5E, I 0 R
PR A, X EEANARIE I R, i A R IR P B IR B (TRAP) AT cathepsin K, A (L1 257, AT
SEILE R[] TIFETK 300, ATUBSCRL A/ FT A2 33k 1 - 20 B (osteoblast) & FL i {441 MSC G ik, 73 TE
JRAH DR 1 W R 95 21 (OCN) A PR I (ALP) L, (e idh i 2 o5 I S 1k [2] o Lt R A8 IR 2F 1A £2 2l
RAEAERF HIRRA AT -
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22. HRRTFRESKRESER

IF R R SR AR T 2 P At R Rl RS S Il B RS Al R . o, RANK/RANKL/OPG i #8 7E A% B
S 6 e R R Y R B RO o B R AL S B A DG A0 LR G g A L, AE WL RIS R T
RANKL, S8 4 RANKL 454, 0% NF-«B S5 S8, (LR 4 s, 1 OPG /E N
RANKL (#5477, #ids RANKL se4+45 G DyRE, I ) i 558 Uk [3]. RANKL/OPG Lh{i
Bk A BB A 1) 1) R R R o R — 5 T, Wnt/g-catenin 3 B 7E 5K 00 R il R b R B AR A .
Wt BCARE Frizzled 5244 590 GSK38, MiifasE p-catenin FHE it HAZFEAL, BIE Runx2 25 i A =<
SRR T, MR ACE AN A A B R A 4] A, BMP/Smad. MAPK 5 TGF-p 2538 % th 76 B i
55 RERFEER, HEZAFE %S5 AR 2= 1% .

2.3. WAL SRIFRR M

B 7 REZH 2, R L, R O T TR SRS TR KT T B S A% sl dod R e R 4 T SGBER AR A
F RPN E & A A e AR L S5 50, R BRI A 5 I R A PR R 7 RSy
P77 E H 2. BEFRaRN], PDL 4HMLFE R/ RT3 IL-148. TNF-a. PGE %5 RVEA T, IXLEP 1A
X BB SR A B S I, IR I Y R RANKL/OPG 2232 L {5 ) #2182 W G FE [5]. eAh, 1B 1738
REIS S L E B AEMMEEY, S 5FME M SRR 8 N A K EF(VEGF) IR T {2 268 4R 1
B, B AR R SR AR BT 7 1S TR R SRR, JERRH SRS [2]. I, FREAE A
semaphorin 3A. ephrinB2 75 F #81 Ja i R IA 2 2 Sy o i%, =580 0 s [ v e AL[6].

24. SHNHEERER

TEIER A B ad f2rh, S PIB(ROS)BE A5 50 T Lhae, Rl KALHf. && ROS A&
W 8, Tfd s ROS MIFMH Ses H M E AL RN . OF RGLERR, 1E KA PRI & AR
BORRLE AR ARG N, EHEILMZ M Nrf2. SOD. CAT Al GPX)X Sk E B EE, Xl
RARPAW)T-TREAE 7 VB AERE (7). PR EITE, MMP-1. MMP-2. MMP-8 fl1 MMP-9 2 7E WL N 114K
W FRIE TSR AR S PDL £F4EEHE, 1 TIMP SEHUSA0HI 4. £ TR NN 5 RS 5R1E R %
B, H552 71 R/NFIFFEER B PIAE O [8] . thah, —FALE(NOWE N /1% - % - B CUER (M 5 540
T, fER IS A £35S SRR SR, NO/NOS il vf 4% sl S idt:, &
TG AR BT NO HRessma A R sl B, SR HAE AR R i B8 fURAG R 9].

25. SRR IERT T B a{ER

TEW A i B 2 (OTM) & MUK /3 15 FH T2 J JERN 2 R B Ji5 15 110 DG B 1k A0 e B o 120 AR PRI 27 5
RPN IE N g, AT TR T B RS T ) Bh &S P4 [10] . 7E OTM F341, MU ) 5 BUF Ja A
TERR M LS, (R PR B A% 200 /(5 e A P 5 PRl i e 2L 2. gt R A Bl ML
RARE, 53U TNF-a 1 IL-18 £ RANKL FIAFIREE A 10[11] [12]. B REHENEE B,
M2 B AR L n, 4336 1L-10 A1 TGF-p 0 & WSO (2 i B [13] [14]. J& REPE s 4E OTM H
RIFEFEAE . T 4050 W RANKL. TNF-a A1 IL-17 {23505 40 R [15] [16], Herb Thi7 4041
IL-17 5 1L-6 MR IE S, RREEsma B R [17]. B 200076 5 i i Bl RANKL ., 1L-6 1 1L-12,
755 Thl e /=4 IL-1 5 TNF-a 8025 U, R TEJE A2 5504 A 75[10] [18]. tEAlh, NK 41/,
RE TR A B R AE K EH P S5t 7E AN [RIB Bodiaed 70 A 44t i R 7~ B 5 2 2 i e [19] [20] VAT &, 6
B SORE I8 I S 4 Y 5 ) RANKL/OPG wid2, 755 S f e MR AT T AE J SRt 1y, AT 4E KRB
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o B Bh AT 4T .
3. RARFYEERFTBIPRBIEER
3.1. RIS

FARFAW VR A Bl 5 e A (AnRE YD . RCE B RO ) R G A T, R R T
(L2 0 22 RV 5 T R AR PG 1 KA LUK — B 25170 5 S5 ik L &4 I = KR [21] . 72 1E
WHVRITH, AR AN E B R . B RISORAR RS AN RS, #5 P Y,  ATREREIAT R R
JELAZ . Bl AT IE B A= 2E LI ER AR, RERF=IR HLAEST A PUsal A DL A 7 B AR 45 7 1
MPERE 1, 5 . ZTEhYSERRY], S KRR VIRes G5 AR, B, 25
EGCG 7Esh W7 v o] [ 1E W5 27 £% sh3s 15 , 111 7 24 52 Asperosaponin VI U 2 B HH sk B ez ik 7 A .
A, BARZ Wi AR I R (KB AR B AR AE), o R AR =W TE 171 i S5 0 S FH B A3 73 T
[22]. B RMEANLRE R BRSO 2 Rl AREE AR B R IF P . PUE A
BB E LY. AT, HAEER T BT 5N Pt ECE IR, AR Rk — B30 E .

3.2. OTM RUERBEHIS B 5 R R =T FHI WIS

1E OTM I, R ISRSZ I Ria 5 Ak, AR RHICHE MR AE . e 41 IR A g a4
HI, NI H R B RS B TR IS AL (23] RARF=IIFEIX — I FE R R “XUTT81 7 RN . DL HEE
FONM, aTiEd ) RANKL i S8 40 . 356k ROS FEUE Nrf2-IRF-8 il %, MK IESL#
A B RIS BE; EAh, SR ZOE REE TGS Wnt/g-catenin {5 SEE R B IR R IEMET L, B
B BRI B SRR B E AR B [24] o BRI, S BEAMHI B AT RERE SR T iR B, BRARIATT AR
EEBENSE, EERAET, RERARERE. KW sur 7. X, EGCG fEXK
B ZRY r B A% S5 25 R D AR IR SO 2 A 5y, (B SRR N W] RERC I B T BRI [25] . DR, A R R
B EGCG SR M) T T OTM B, WAZIFE “ARibi dud . R 7 i b “4iFr & B o) s
P EGREIER” AR 2 )3 SRPAET, 36 ) 2RI PR 4t T B i R

4. AEREIERTBETED
4.1 HERBEARFHE

RE R MR- B AR, RRZHCRE PRI LS, BAPIR. PrEit.
GBS 2 P AT 1 [26] 0 JTAESR, BT IE WA T AT OGO AR B0 R R 4 R SO U TR I
B AEN AL

4.2. MRERERAHIER

AR, HREREPIR TR EIL 7 B E T IR F B e, R R N A @ A
BAEH, o0 RE 2 5 B A RS R N, T R, R R AR R [27] . R @A
HJORE OB, T RELE IE WG YT PR AL E B A E R . R R TE 2 AR RAE R N . e, B
B BRARIIRIRFEA T o (TNF-a) . FIZBHIA 2-18 (IL-18) A1 1 40 A 25-6 (IL-6) (7K 7, X U8R R IK 15
B AN S 2 UIAR 5 [28] . H 2, R R RIE S A — S A S EEINOS) R E & §-2 (COX-2) IR IX,
MMk NO Fil PGE, 5 A i I A2 i [29] . UhAbh, HFLZFIEAEMH] NF-«B 15 5@ EE 1k, k> M1 A
B b, JHIeidt M2 BRI AR 0 5 R I S5 [30] . 45 b, HERAE ER TR
St AR AT REIE I 9 RE 1 FH 4k R R RS IR BB O, (HA SRR AT R ik — D BRAIE .
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4.3. EMAER

FEIER F Bl Re b, JR AU 77 51 R B E AL RIS R 2 A KR B i, X8 B il B AU
JABIHER, & T REIE S B, TTRE R A R e k. U A B3 I PUEAE , d ad v
B B HTE L S S N O R AL AR 0, O IR S R Bl BT AR S B S . F TR, IR R BERE
PEAGER AT T (0,) « LS E(H0) MA —EE(MDA) /KT, I3 m it S ALl i S A P S AL g (SOD) Al
AW H Ik AV B (GPX) HE P, 5 BB S RO 5 R R 5 [31] . BhAlh, dUREEERe il st
LRARTIRE, WD GRLAS, dERFANI A RE AR, (A HSUE R A . bR 1 % S Em i Th
REFRRF ML ZUE RN, 5 A BT S AR G R 3[32] . #E2 RS (OVX) KRR A, s
R R A RO PR PUR A BEEE, ( B T R, B T AR B AL L (Rt
HABR I 71[33]. 2P0 TUIE KDL, HUE R ARSI I W IR A2, R Wntg-E M B B {5 S Il
H, Rt ORI RN ARTE, SRR HAT e B B R M @ ORI EAEHI[34]. R EPTIR, HREFRIEN
PURAE FIFE LM 2 A2 3 o BATIE /0, R R AR AR AN B Ry R i A (et BB R0, AR
B FUR] BE— WU IR HAE IEWRHG ST o A RARRIT, Dy PRAE 3R SR8 S

44. BUESEEEDREER

PR TSR BEE PRI 7 BERE ), TR ERT B T, Hx g i S n e
FE AR FERCE 7T, HELZOEIE0E Wnt/B-catenin {3 518 16 (12 13k 56 1) 75 5 T-40 L (BM-MSCs) [l %,
HAM L, £ L Runx2. Osterix. BMP2 Z:3E [K[1131A, MIfiIGsaE i R ESE K B . 75K M
AR B PR, R R R G @ I (B A 7 R T AN SR R, I E TS, R
TR A R S E[35]. MM T EFEUE SE R EL R T3 N BM-MSCs i {b &5 15 [ 24] -

TERS B 77 THT, BB 30 I 1) NF-xB {5 5@ 8% AR U TNF-o A1 1L-18 S0 2 40K T, J> RANKL
Tk LWE A, BERE WK, ERIPERREL S, TR EENERPIER, feEd
R IR = B S R (OC)/KF[36] [37]. kAl BT AR FIX T FIARAS AT FREOCHE . B g m 4k
PR T R R O A RIS . B0, HREE R AN A M TNF-o 512 1 R M 1
TR R AT BE[38]. WEFTHE—B M, BRI ANE] NF-«B {55 @ BB, R4 5 RBE
N A AN IR [39] . Zf b, HROREZGEA SR R B KPR B A S 2 AL, A BT 4R
THEFRA, WAOEWRBOHERBEIESE, NIERIETT o 0 B R e S 79 1) R SO F

5. Hib KRR ER F 2P a1ER
5.1. /KB FILRE-3-RETFEES(EGCG)

EGCG &%k 7 (Camellia sinensis) 1 & &+ 5 N Z ML ILRR, A4S ER 20%~30% [40]. )k
KB, EGCG AIFEMILK R OTM J8 B2 Al IE W5 S F R (OIRR), HACR 57&E & IEAHX(50 mg/kg 5
100 mg/kg), EFIEARCERICAYIE . HYP 2L R EIR, EGCG ALB Al 70U TRAP BH A & 241
il & RANKL ik, [A i OPG. Runx2 A Osteocalcin, #7536 MG 400 ) 1 5 o (0] i 1 i
[25]. fENLHIZT, EGCG it i1 RANKL/OPG Ltk 40 e, [F 0% Wnt/g-catenin Fl
PI3K/AKt 38 4% LA 3F 5l i 40 B 43 AL A0 38 B 1k [41] - BE AR LB A8 TR 18 NF-xB Fil MAPK (f2.45 ERKLINK .
p38)id ik, FFMK IL-18 TNF-a 1 VEGF HIFRIE, M08 4 & (0 R AEOA S, R )5 S 10 9%
Vi[42]. SRS, EGCG MMITE MMt Esk et p, AP RMPTEIER, %
W AR . AR AR, FEIRSE T G ah iz . HHBURZ IR B2 N B ) %At
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MRS, oSt 7 7R Bt — D e IR B SN KR, RBHALNGPR T 5 B N 7 17
5.2. B Xk (Sinomenine)

T IE WS F i B sh A R 70, 35 XUBERR(Sinomenine) CUZ W 51 AR 54 7E . 45 K V5 T #4%) Sinomenium
acutum, EAPIR. ETTEACH S R RIS S T RE[43] . FEREYE Wistar K RUIERG PRI, 4k 14 KIE
Fes i 55 T AR, T Yk 3 Uk % A A RS B T R R AR RS T AR, RIS R T . BT RN, TR
74 TRAP BHPERG B 41 i 5E B & /b, RANKL RIA R, 1fi OPG. RUNX2 5 Osteocalcin i, ##
AR BB Z A0, 5K B SR . ARSI e SR X — S5, T XU B AL B PDLSCs (5F & 5141 )
B RAW264.7 ERE4HUR, &I NF-xB {5 T BG4 NP, [FR AKURUNX2 BCE @05, ALP &
PERIE A 5 T G B8 5, FEE 5T RANKL/OPG ~Fi, M 4esr Bt fa e [44]. XMLk 5 1E
Wi S E BRI REEER S A, B XUEE R BT R R PUE A . BRI, FENR I RE
B, RS PR TNF-a. IL-18 IFRIE, Jfik/> ROS AR, M CCE A AE 5 HOAEE, SRR IEw 75
E ) TO B I RORE, IX —AF AL AT B BRAE IR0 77 B 51 % I DG T PR 280E R DR D R (it 1 B iR 2
fili[43]o IXECHFFLLE KR, F KBTS I HI (22 i A e 2 PR BE =07 Th - TE e 2 #% 50,
HEABUF e A S, BA BRI R R A .

5.3. Asperosaponin VI

Asperosaponin VI (ASA VI);& Dipsacus asper Wall 1 —Fhid i 2, Sl sz B A (2 les fa %
FHIVERI[45], 1E Sprague-Dawley fE: K SR IE MRSt B 50380 1m0 b RS — B 5 S 285 1 1 s T
A 10 mg/kg ASA VI, Rt INARHE IR /), 45 R BRI A R E REIN, TRAP B Bon il 4
HeE g, X —45 KW ASA VI BEINE R E & Wi, AR iR 3. DRI — 2K, ASA
VI A i RANKL. Fifl OPG, Mi¥atfiE{Es. R, Hxak i 4 mis —eeidEm, 4§
BT Hie T iSRS MR e [46] . X Le R B B ASA VI TE TERG 2 14 7% 3y ik 72 v mT R e i XU ] i 2
BN T R R TR o X PR A2 (RS i, R I O IE BRI AR R SR B 24 P 1)
Ho AKINRRERE — P IGUEIL 2 AT 7 20, BV AT DUAE v s 1E B e T 7 RCR B T i

5.4. RIARFHIERHLHIELEE

T EW T iR shid ferh, 2R RO R U JLE A E A ALE, EEEPTHL . PrEFi
B I S T T EGCG AE B 40 A B, FEAIK RANKL/OPG HAR, J38 5 i Nrf2 38 B35 4 ROS,
T A 30 i 15 28 1 8 st 3o 0 /D AR AL, R0 B 5K A3 A 33 i[RI [40] [471. ASA VI 1E S5 5
TR I i I R SR R SO, [R5 D R R S, NI IR AR s BTG E
LI IE WS RIIO AR, (ELLE JORE M B i B R o L B /s vl 4] NF-xB @ % 1R ROS. Bi% Wnt/p-catenin
TAPEE, SRSTIUNE R 0 R T, XU 5 R ) 51 R AR B AL FE WA [ [34] [38] . AR, A
A RARP=IAEAE RIFR . EGCG FEfR A RaEE 2. AR AR, 752 2 YRR 8 o B v S SR 4 7
R, I PR N F 85 SR AN I 48 i B g KUK MDPL. ASA VI HEESGR F i # 5h 3%, HaRe S8 g% E T
Be; HMEERIEIERT 5 PR RARIE, HRERE. <S5 KM FHE M. Kk, REXER
SR AE AR SO D T R BTSRRI R A e e i1k 07 =0, AR As il 2 eSSy T
RNRZ, 183 5 2 ) S50 A R AT RGEVEAG .

55. RAFYHELERNATRBERSE. FIEFSITHSE
RIRFIE OTM W= B 77, HIRREEACA 52383575 20, Gl A PE M sASE R B . 1%
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G G 2I R AE DR AR AR A R e e 20 A i e AR R R AR . L2 R, Rk R
HHist. HARER, B ReKEHR R & RS EAURIBoE R, 7RSSR, 87T O RIKR
GivkRIE 48] B Seie iR A T F R BB, (HAE N8 F s R b 1) 22 A P ATD AR 3R IE[49] . [
B, 3D FTENSC AT AMAA BT, FLBREE R T S S5 T4, FFRESEILRIR =)0 J5 i ke . AH LR
RIGH, ZEAREM B 1EE h B RIGEMH AR YR T, S OTM $245H7 1% 7 &[50]
TEFI ST, EGCG [12h#) Skl 22 B HAF FH BA B2 77 S ARt , 100 mg/kg bt 50 mg/kg 554 2500k
DR B SRR, FERRE R R IA[25] 0 X BRs S BN RG aa, H Ik 7 A AT A6 ok B M s
B . HUE RS HAD K AR B A B A 2 A T D M B Z 0. bAh, K e et 5 AR
PR IR PR 51 A E AR B S e A, TR 2 A SIS AR R [RIRE, AR =PI
afifh & 5Bk BAG A N T8 2 AR S, BT TIGARIE . KRR AR AE: (1) A& s
B R R (WK EIRE 3D FTEISCEE); (2) MM A RIETSHEL (3) FIF 2 A S H ARG KA
Nis (4) G5ERAMEE N, FTHIERATAT M o Wl X e i, K AR TE 15 W A (0 B A A 33—

i

15 o
6. HitERE

KRERR G T MR ] 2 PR IR - WIAE IE W A Ui 2l AR v I AR R A 70, am R e B AR T
RN IAZ ) S A A FRS LR P I . R AR v R 8 BB I R BEE YRRy, B RIFIIAEY)
R RAGE 2N, R, RS R bR . U B RSP E AR . R4
B RGN Fi bR, MR vl 2 45 S Im B s SRR TR, YRR S5 Jrk
HHTURS AR L. BEREEEIN, EGCG. Asperosaponin VI 25 RIRASY, WAESNY) IEWHERY bR
JRR T IEEF sl (EHE B AR SRR, 3 — 2D SR LA B ey 190 R SV g« SR
H T 98 B R AR IR R AT T K B A R S B, JUAE 3245 7 2 R A T (1 30400 S 0 5040 v AR 2
o ASRBIBFA TN BT B ILIE B A R Al S I B B TN NS A RGP R A
O I R T TR ARG e s S5 A KBRS Ok AEYIAMRL, JFRIE R T IR R A SR i Rk
ERG, URERue St @l s SRR e e G . LA ke, HE
NI R AR AT O IERA T 2 4. RSHE. ML TR B B SR, LN R S E SRR AR eE
FRANIRZR

SE

[1] Jeon, H.H., Teixeira, H. and Tsai, A. (2021) Mechanistic Insight into Orthodontic Tooth Movement Based on Animal
Studies: A Critical Review. Journal of Clinical Medicine, 10, Article No. 1733. https://doi.org/10.3390/jcm10081733

[2] Nakai, Y., Praneetpong, N., Ono, W. and Ono, N. (2023) Mechanisms of Osteoclastogenesis in Orthodontic Tooth Move-
ment and Orthodontically Induced Tooth Root Resorption. Journal of Bone Metabolism, 30, 297-310.
https://doi.org/10.11005/jbm.2023.30.4.297

[3] Haddy, T.B., Adde, M.A., McCalla, J., Domanski, M.J., Datiles, M., Meehan, S.C., et al. (1998) Late Effects in Long-
Term Survivors of High-Grade Non-Hodgkin’s Lymphomas. Journal of Clinical Oncology, 16, 2070-2079.
https://doi.org/10.1200/jc0.1998.16.6.2070

[4] Li, B., Wang, L. and He, H. (2025) Autophagy in Orthodontic Tooth Movement: Advances, Challenges, and Future
Perspectives. Molecular Medicine, 31, Article No. 245. https://doi.org/10.1186/s10020-025-01299-y

[5] Kanzaki, H., Chiba, M., Shimizu, Y. and Mitani, H. (2002) Periodontal Ligament Cells under Mechanical Stress Induce
Osteoclastogenesis by Receptor Activator of Nuclear Factor B Ligand Up-Regulation via Prostaglandin E2 Synthesis.
Journal of Bone and Mineral Research, 17, 210-220. https://doi.org/10.1359/jbmr.2002.17.2.210

[6] Jernstrdm, B., Vadi, H. and Orrenius, S. (1976) Formation in Isolated Rat Liver Microsomes and Nuclei of Benzo(a)py-
rene Metabolites that Bind to DNA. Cancer Research, 36, 4107-4113.

DOI: 10.12677/acm.2025.15102822 809 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102822
https://doi.org/10.3390/jcm10081733
https://doi.org/10.11005/jbm.2023.30.4.297
https://doi.org/10.1200/jco.1998.16.6.2070
https://doi.org/10.1186/s10020-025-01299-y
https://doi.org/10.1359/jbmr.2002.17.2.210

XK, BER F

(7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

Inchingolo, F., Inchingolo, A.M., Latini, G., Ferrante, L., Trilli, I., Del Vecchio, G., et al. (2023) Oxidative Stress and
Natural Products in Orthodontic Treatment: A Systematic Review. Nutrients, 16, Article No. 113.
https://doi.org/10.3390/nu16010113

Behm, C., Nemec, M., Weissinger, F., Rausch, M.A., Andrukhov, O. and Jonke, E. (2021) MMPs and TIMPs Expression
Levels in the Periodontal Ligament during Orthodontic Tooth Movement: A Systematic Review of in Vitro and in Vivo
Studies. International Journal of Molecular Sciences, 22, Article No. 6967. https://doi.org/10.3390/ijms22136967

Yan, T., Xie, Y., He, H., Fan, W. and Huang, F. (2021) Role of Nitric Oxide in Orthodontic Tooth Movement (Review).
International Journal of Molecular Medicine, 48, Article No. 168. https://doi.org/10.3892/ijmm.2021.5001

Klein, Y., Fleissig, O., Polak, D., Barenholz, Y., Mandelboim, O. and Chaushu, S. (2020) Immunorthodontics: In Vivo
Gene Expression of Orthodontic Tooth Movement. Scientific Reports, 10, Article No. 8172.
https://doi.org/10.1038/s41598-020-65089-8

He, D., Kou, X., Yang, R., Liu, D., Wang, X., Luo, Q., et al. (2015) M1-Like Macrophage Polarization Promotes Ortho-
dontic Tooth Movement. Journal of Dental Research, 94, 1286-1294. https://doi.org/10.1177/0022034515589714

He, D., Kou, X., Luo, Q., Yang, R., Liu, D., Wang, X., et al. (2014) Enhanced M1/M2 Macrophage Ratio Promotes
Orthodontic Root Resorption. Journal of Dental Research, 94, 129-139. https://doi.org/10.1177/0022034514553817

Wang, Y., Zhang, H., Sun, W., Wang, S., Zhang, S., Zhu, L., et al. (2018) Macrophages Mediate Corticotomy-Acceler-
ated Orthodontic Tooth Movement. Scientific Reports, 8, Article No. 16788.
https://doi.org/10.1038/s41598-018-34907-5

He, W., Zhang, N. and Lin, Z. (2021) Microrna-125a-5p Modulates Macrophage Polarization by Targeting E26 Trans-
formation-Specific Variant 6 Gene during Orthodontic Tooth Movement. Archives of Oral Biology, 124, Article ID:
105060. https://doi.org/10.1016/j.archoralbio.2021.105060

Yan, Y., Liu, F., Kou, X, Liu, D., Yang, R., Wang, X., etal. (2015) T Cells Are Required for Orthodontic Tooth Move-
ment. Journal of Dental Research, 94, 1463-1470. https://doi.org/10.1177/0022034515595003

Lin, D., Li, L., Sun, Y., Wang, W., Wang, X., Ye, Y., et al. (2015) Interleukin-17 Regulates the Expressions of RANKL
and OPG in Human Periodontal Ligament Cells via TRAF6/TBK1-JNK/NF-«xB Pathways. Immunology, 144, 472-485.
https://doi.org/10.1111/imm.12395

Ohsaki, Y., Takahashi, S., Scarcez, T., Demulder, A., Nishihara, T., Williams, R., et al. (1992) Evidence for an Auto-
crine/paracrine Role for Interleukin-6 in Bone Resorption by Giant Cells from Giant Cell Tumors of Bone. Endocrinol-
ogy, 131, 2229-2234. https://doi.org/10.1210/end0.131.5.1425421

Settem, R.P., Honma, K., Chinthamani, S., Kawai, T. and Sharma, A. (2021) B-Cell RANKL Contributes to Pathogen-
Induced Alveolar Bone Loss in an Experimental Periodontitis Mouse Model. Frontiers in Physiology, 12, Article 1D:
722859. https://doi.org/10.3389/fphys.2021.722859

Chiesa, M.D., Vitale, M., Carlomagno, S., Ferlazzo, G., Moretta, L. and Moretta, A. (2003) The Natural Killer Cell-
mediated Killing of Autologous Dendritic Cells Is Confined to a Cell Subset Expressing CD94/NKG2A, but Lacking
Inhibitory Killer Ig-Like Receptors. European Journal of Immunology, 33, 1657-1666.
https://doi.org/10.1002/eji.200323986

Groeger, M., Spanier, G., Wolf, M., Deschner, J., Proff, P., Schrdder, A., et al. (2020) Effects of Histamine on Human
Periodontal Ligament Fibroblasts under Simulated Orthodontic Pressure. PLOS ONE, 15, e0237040.
https://doi.org/10.1371/journal.pone.0237040

Dias, D.A., Urban, S. and Roessner, U. (2012) A Historical Overview of Natural Products in Drug Discovery. Metabo-
lites, 2, 303-336. https://doi.org/10.3390/metab02020303

Chen, A, Deng, S., Lai, J., Li, J., Chen, W., Varma, S.N., et al. (2023) Hydrogels for Oral Tissue Engineering: Challenges
and Opportunities. Molecules, 28, Article No. 3946. https://doi.org/10.3390/molecules28093946

Kitaura, H., Ohori, F., Marahleh, A., Ma, J., Lin, A, Fan, Z., et al. (2025) The Role of Cytokines in Orthodontic Tooth
Movement. International Journal of Molecular Sciences, 26, Article No. 6688. https://doi.org/10.3390/ijms26146688

Yu, S.B., Kim, H.J.,, Kang, H.M., Park, B.S., Lee, J.H. and Kim, |.R. (2018) Cordycepin Accelerates Osteoblast Miner-
alization and Attenuates Osteoclast Differentiation in Vitro. Evidence-Based Complementary and Alternative Medicine,
2018, Article 1D: 5892957. https://doi.org/10.1155/2018/5892957

Zou, J., Chen, F., Li, Y., Chen, H., Sun, T, Du, S., et al. (2023) Effects of Green Tea Extract Epigallocatechin-3-Gallate
(EGCG) on Orthodontic Tooth Movement and Root Resorption in Rats. Archives of Oral Biology, 150, Article ID:
105691. https://doi.org/10.1016/j.archoralbio.2023.105691

Yang, L., Li, G., Chai, Z., Gong, Q. and Guo, J. (2020) Synthesis of Cordycepin: Current Scenario and Future Perspec-
tives. Fungal Genetics and Biology, 143, Article ID: 103431. https://doi.org/10.1016/j.fgh.2020.103431

Yamaguchi, M. and Fukasawa, S. (2021) Is Inflammation a Friend or Foe for Orthodontic Treatment? Inflammation in

DOI: 10.12677/acm.2025.15102822 810 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102822
https://doi.org/10.3390/nu16010113
https://doi.org/10.3390/ijms22136967
https://doi.org/10.3892/ijmm.2021.5001
https://doi.org/10.1038/s41598-020-65089-8
https://doi.org/10.1177/0022034515589714
https://doi.org/10.1177/0022034514553817
https://doi.org/10.1038/s41598-018-34907-5
https://doi.org/10.1016/j.archoralbio.2021.105060
https://doi.org/10.1177/0022034515595003
https://doi.org/10.1111/imm.12395
https://doi.org/10.1210/endo.131.5.1425421
https://doi.org/10.3389/fphys.2021.722859
https://doi.org/10.1002/eji.200323986
https://doi.org/10.1371/journal.pone.0237040
https://doi.org/10.3390/metabo2020303
https://doi.org/10.3390/molecules28093946
https://doi.org/10.3390/ijms26146688
https://doi.org/10.1155/2018/5892957
https://doi.org/10.1016/j.archoralbio.2023.105691
https://doi.org/10.1016/j.fgb.2020.103431

XK, BER F

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Orthodontically Induced Inflammatory Root Resorption and Accelerating Tooth Movement. International Journal of
Molecular Sciences, 22, Article No. 2388. https://doi.org/10.3390/ijms22052388

Wang, X., Peng, Z., Wang, L., Zhang, J., Zhang, K., Guo, Z., et al. (2023) Cordyceps Militaris Solid Medium Extract
Alleviates Lipoteichoic Acid-Induced MH-S Inflammation by Inhibiting TLR2/NF-«B/NLRP3 Pathways. International
Journal of Molecular Sciences, 24, Article No. 15519. https://doi.org/10.3390/ijms242115519

Ying, X., Peng, L., Chen, H., Shen, Y., Yu, K. and Cheng, S. (2013) Cordycepin Prevented 1I-B-Induced Expression of
Inflammatory Mediators in Human Osteoarthritis Chondrocytes. International Orthopaedics, 38, 1519-1526.
https://doi.org/10.1007/s00264-013-2219-4

Zhang, Y., Cheng, J., Su, Y., Li, M., Wen, J. and Li, S. (2022) Cordycepin Induces M1/M2 Macrophage Polarization to
Attenuate the Liver and Lung Damage and Immunodeficiency in Immature Mice with Sepsis via NF-xB/p65 Inhibition.
Journal of Pharmacy and Pharmacology, 74, 227-235. https://doi.org/10.1093/jpp/rgab162

Ramesh, T., Yoo, S., Kim, S., Hwang, S., Sohn, S., Kim, 1., et al. (2012) Cordycepin (3’-Deoxyadenosine) Attenuates
Age-Related Oxidative Stress and Ameliorates Antioxidant Capacity in Rats. Experimental Gerontology, 47, 979-987.
https://doi.org/10.1016/j.exger.2012.09.003

Tian, H., Yu, D., Xie, T., Xu, M., Wang, Y., Sun, X., et al. (2025) Cordycepin Alleviates Metabolic Dysfunction-Asso-
ciated Liver Disease by Restoring Mitochondrial Homeostasis and Reducing Oxidative Stress via Parkin-Mediated Mi-
tophagy. Biochemical Pharmacology, 232, Article ID: 116750. https://doi.org/10.1016/j.bcp.2025.116750

Dou, C., Cao, Z., Ding, N., Hou, T., Luo, F., Kang, F., et al. (2016) Cordycepin Prevents Bone Loss through Inhibiting
Osteoclastogenesis by Scavenging ROS Generation. Nutrients, 8, Article No. 231. https://doi.org/10.3390/nu8040231

Kim, J., Shin, J.Y., Choi, Y., Lee, S.Y., Jin, M.H., Kim, C.D., et al. (2021) Adenosine and Cordycepin Accelerate Tissue
Remodeling Process through Adenosine Receptor Mediated Wnt/f-Catenin Pathway Stimulation by Regulating Gsk3b
Activity. International Journal of Molecular Sciences, 22, Article No. 5571. https://doi.org/10.3390/ijms22115571

Li, Z., Gu, Y., Lin, Z., Ma, H. and Zhang, S. (2020) Cordycepin Promotes Osteogenesis of Bone Marrow-Derived Mes-
enchymal Stem Cells and Accelerates Fracture Healing via Hypoxia in a Rat Model of Closed Femur Fracture. Biomed-
icine & Pharmacotherapy, 125, Article ID: 109991. https://doi.org/10.1016/j.biopha.2020.109991

Zhang, D., Wang, Z., Qi, W., Lei, W. and Zhao, G. (2014) Cordycepin (3’-Deoxyadenosine) Down-Regulates the Pro-
inflammatory Cytokines in Inflammation-Induced Osteoporosis Model. Inflammation, 37, 1044-1049.
https://doi.org/10.1007/s10753-014-9827-z

Wang, F., Yin, P., Lu, Y., Zhou, Z., Jiang, C., Liu, Y., et al. (2015) Cordycepin Prevents Oxidative Stress-Induced
Inhibition of Osteogenesis. Oncotarget, 6, 35496-35508. https://doi.org/10.18632/oncotarget.6072

Yang, J., Cao, Y., Lv, Z., Jiang, T., Wang, L. and Li, Z. (2015) Cordycepin Protected against the TNF-a-Induced Inhi-
bition of Osteogenic Differentiation of Human Adipose-Derived Mesenchymal Stem Cells. International Journal of Im-
munopathology and Pharmacology, 28, 296-307. https://doi.org/10.1177/0394632015592160

Kim, J., Lee, H., Kang, K.S., Chun, K. and Hwang, G.S. (2015) Cordyceps militaris Mushroom and Cordycepin Inhibit
RANKUL-Induced Osteoclast Differentiation. Journal of Medicinal Food, 18, 446-452.
https://doi.org/10.1089/jmf.2014.3215

Mokra, D., Joskova, M. and Mokry, J. (2022) Therapeutic Effects of Green Tea Polyphenol(-)-Epigallocatechin-3-Gal-
late (EGCG) in Relation to Molecular Pathways Controlling Inflammation, Oxidative Stress, and Apoptosis. Interna-
tional Journal of Molecular Sciences, 24, Article No. 340. https://doi.org/10.3390/ijms24010340

Ding, C., Fu, S., Chen, X., Chen, C., Wang, H. and Zhong, L. (2021) Epigallocatechin Gallate Affects the Proliferation
of Human Alveolar Osteoblasts and Periodontal Ligament Cells, as Well as Promoting Cell Differentiation by Regulating
PI3K/Akt Signaling Pathway. Odontology, 109, 729-740. https://doi.org/10.1007/s10266-021-00597-1

Fan, Q., Zhou, X., Wang, T., Zeng, F., Liu, X., Gu, Y., et al. (2023) Effects of Epigallocatechin-3-Gallate on Oxidative
Stress, Inflammation, and Bone Loss in a Rat Periodontitis Model. Journal of Dental Sciences, 18, 1567-1575.
https://doi.org/10.1016/j.jds.2023.02.019

Li, H., Li, Y., Zou, J.,, Yang, Y., Han, R. and Zhang, J. (2022) Sinomenine Inhibits Orthodontic Tooth Movement and
Root Resorption in Rats and Enhances Osteogenic Differentiation of PDLSCs. Drug Design, Development and Therapy,
16, 2949-2965. https://doi.org/10.2147/dddt.s379468

He, L., Li, X., Zeng, X., Duan, H., Wang, S., Lei, L., et al. (2013) Sinomenine Induces Apoptosis in RAW 264.7 Cell-
Derived Osteoclasts in Vitro via Caspase-3 Activation. Acta Pharmacologica Sinica, 35, 203-210.
https://doi.org/10.1038/aps.2013.139

Niu, Y., Li, Y., Huang, H., Kong, X., Zhang, R., Liu, L., et al. (2011) Asperosaponin VI, a Saponin Component from
Dipsacus asper Wall, Induces Osteoblast Differentiation through Bone Morphogenetic Protein-2/p38 and Extracellular
Signal-Regulated Kinase 1/2 Pathway. Phytotherapy Research, 25, 1700-1706. https://doi.org/10.1002/ptr.3414

Ma, D., Wang, X., Ren, X., Bu, J., Zheng, D. and Zhang, J. (2020) Asperosaponin VI Injection Enhances Orthodontic

DOI: 10.12677/acm.2025.15102822 811 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102822
https://doi.org/10.3390/ijms22052388
https://doi.org/10.3390/ijms242115519
https://doi.org/10.1007/s00264-013-2219-4
https://doi.org/10.1093/jpp/rgab162
https://doi.org/10.1016/j.exger.2012.09.003
https://doi.org/10.1016/j.bcp.2025.116750
https://doi.org/10.3390/nu8040231
https://doi.org/10.3390/ijms22115571
https://doi.org/10.1016/j.biopha.2020.109991
https://doi.org/10.1007/s10753-014-9827-z
https://doi.org/10.18632/oncotarget.6072
https://doi.org/10.1177/0394632015592160
https://doi.org/10.1089/jmf.2014.3215
https://doi.org/10.3390/ijms24010340
https://doi.org/10.1007/s10266-021-00597-1
https://doi.org/10.1016/j.jds.2023.02.019
https://doi.org/10.2147/dddt.s379468
https://doi.org/10.1038/aps.2013.139
https://doi.org/10.1002/ptr.3414

XK, BER F

[47]

[48]

[49]

[50]

Tooth Movement in Rats. Medical Science Monitor, 26, €922372. https://doi.org/10.12659/msm.922372

Katsumata, Y., Kanzaki, H., Honda, Y., Tanaka, T., Yamaguchi, Y., Itohiya, K., et al. (2018) Single Local Injection of
Epigallocatechin Gallate-Modified Gelatin Attenuates Bone Resorption and Orthodontic Tooth Movement in Mice. Pol-
ymers, 10, Article No. 1384. https://doi.org/10.3390/polym10121384

Salehi, S., Naghib, S.M., Garshasbi, H.R., Ghorbanzadeh, S. and Zhang, W. (2023) Smart Stimuli-Responsive Injectable
Gels and Hydrogels for Drug Delivery and Tissue Engineering Applications: A Review. Frontiers in Bioengineering and
Biotechnology, 11, Article ID: 1104126. https://doi.org/10.3389/fbhioe.2023.1104126

Montero Jiménez, O.G., Dib Kanén, A., Dipp Velazquez, F.A., Aristizabal Pérez, J.F., Moyaho Bernal, M.d.l.A., Salas
Orozco, M.F., etal. (2022) Use of Hydrogels to Regulate Orthodontic Tooth Movement in Animal Models: A Systematic
Review. Applied Sciences, 12, Article No. 6683. https://doi.org/10.3390/app12136683

Chaudhari, V.S., Kushram, P. and Bose, S. (2024) Drug Delivery Strategies through 3D-Printed Calcium Phosphate.
Trends in Biotechnology, 42, 1396-1409. https://doi.org/10.1016/j.tibtech.2024.05.006

DOI: 10.12677/acm.2025.15102822 812 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102822
https://doi.org/10.12659/msm.922372
https://doi.org/10.3390/polym10121384
https://doi.org/10.3389/fbioe.2023.1104126
https://doi.org/10.3390/app12136683
https://doi.org/10.1016/j.tibtech.2024.05.006

	正畸牙移动的生物调控机制：虫草素及其他天然产物的潜力分析
	摘  要
	关键词
	Biological Regulatory Mechanisms of Orthodontic Tooth Movement: Potential Analysis of Cordycepin and Other Natural Products
	Abstract
	Keywords
	1. 引言
	2. 正畸牙移动的生物学机制
	2.1. 正畸力下的牙槽骨重塑
	2.2. 细胞因子调控与关键信号通路
	2.3. 软组织与微环境反应
	2.4. 氧化应激与基质重塑
	2.5. 免疫细胞在正畸牙移动中的作用

	3. 天然产物在正畸牙移动中的调控作用
	3.1. 天然产物的特性
	3.2. OTM微环境的特殊性与天然产物干预的双刃效应

	4. 虫草素在正畸牙移动中的潜力
	4.1. 虫草素的基本特性
	4.2. 抗炎与免疫调节作用
	4.3. 抗氧化作用
	4.4. 骨改建与骨修复中的调控作用

	5. 其他天然产物在正畸牙移动中的作用
	5.1. 表没食子儿茶素-3-没食子酸酯(EGCG)
	5.2. 青风藤碱(Sinomenine)
	5.3. Asperosaponin VI
	5.4. 天然产物的作用机制比较
	5.5. 天然产物在正畸应用中的递送系统、剂量学与现实挑战

	6. 结论与展望
	参考文献

