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[Abstract] Objective This study aimed to explore the therapeutic effect and mechanism of ginsenoside Rb3 on ex-
perimental periodontitis and bone resorption in rats. Methods Male SD rats were randomly divided into a control
group, a ligation group, an Rb3 group, and a doxycycline (Dox) group for in vivo experiments. A periodontitis model was
established by ligating the maxillary second molar, and samples were collected after 3 weeks of drug treatment. Micro-
CT assessment of alveolar bone resorption was performed, and hematoxylin-eosin (HE) staining was used to observe

pathological changes in periodontal and visceral tissues. Tartrate resistant acid phosphatase (TRAP) staining was applied

to detect the formation of osteoclasts in periodontal tis-

[YFm EER] 2024-12-10; [f&EIEHA] 2025-06-08 sues, and enzyme-linked immunosorbent assay (ELISA)
[E£WE] IARY ARPIAREETAFEIH (ZR2022QH273)
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VIS, YEE, 1§+, E-mail: sunminmin@sdsmu.edu.cn polymerase chain reaction (QPCR) was employed to de-

was adopted to detect the serum levels of interleukin (IL)-
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tect the expression of factors related to gingival inflammation and osteoclast formation. Immunofluorescence staining
was used to detect phospho-extracellular signal-regulated kinase (p-ERK) expression. /n vitro experiments were conduct-
ed by pretreating RAW264.7 cells with drugs and adding lipopolysaccharides (LPS) stimulation from Porphyromonas
gingivalis (P. gingivalis). IL-1P and IL-6 mRNA expression was detected by qPCR, and Western blot was used to detect
the effect of Rb3 on the mitogen-activated protein kinases (MAPKSs) signaling pathway. Results Compared with the
control group, the ligation group showed significant periodontitis and bone resorption. Compared with the ligation group,
the Rb3 group showed a decrease in alveolar bone resorption and osteoclast formation; p-ERK/ERK ratio, IL-1f, IL-6,
and nuclear factor of activated T cells (NFATc1) mRNA levels and downstream gene expression in periodontal tissues;
serum IL-6, IL-8, IgG, and IgM levels. Rb3 reduced IL-8 and IL-1B mRNA expression levels and p-ERK/ERK and p-p38
MAPK/p38 MAPK ratios in RAW264.7 cells induced by P. gingivalis LPS stimulation. Conclusion Rb3 inhibits in-
flammation and bone resorption in experimental periodontitis in rats. Compared with Dox, Rb3 has better effects in inhib-
iting pro-inflammatory factors and osteoclast gene expression and may exert anti-inflammatory effects by activating the
MAPK signaling pathway.

[Key words] ginsenoside Rb3; experimental periodontitis; inflammation;

bone resorption; mitogen-activated

protein kinases signaling pathway
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MAPKs {55 %5 i %, ##lig Z B (lipopolysaccha-
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HRE . Z5FL4 . Rb3 411 Dox 41 K FRAE 3% 5%
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T FL3-0 2228, PR3 d kA 22 2 R RV o
TR RBIHE TG, Rb34]L, Dox 41K AR 1d
K FME s 0 07 = 45 T AL 259 1 mL (WR B
Bk mg/L), 2545t g 25 R 2 2% BE A SC
FRE R 10 S 9 45 SR, S 4 K BRI R AR -
2L (hematoxylin-eosin, HE) %t 25 i R iZ
FEZg W G AR o [ B X B2 R A LA R RUE
SRR A K, 3 JE S 4 44K R AR BE T
Mo WS )5 28 4 e by R~ B AR 2 D1 Stk
(SEEEHYE BT . 2021SDL48S).

1.2 WG e W B 43 #7  (enzyme-linked immuno-
sorbent assay, ELISA)

KR AL B e BRI i O JUE 0009, 0 UL
5 B ELISA 32050 65 10 B A 42 i iy # /R 20 SR i 47 52
5, TERPRIY 450 nm AL EHOL#E (optical densi-
ty, OD) fH, 3B/ IL-6. IL-8, 4
PEERE I (immunoglobulin, Ig) M. IgGHJ& &,
1.3 BHROTHEPLEZ 4 (micro-computed tomog-

raphy, Micro-CT)

B 2R B U4 - B A BRAS A Micro-CT #£47
SHEE AT, LATTPAL AR RO B
1.4 HE FIHTIE A 2 FL 14 W5 FR i (tartrate resistant

acid phosphatase, TRAP) 4{f,

W B A5 S0 A R R B B IE L B L I
WELHE, #ATRE . MY A, fEHEJt, W
%% Rb3 Fl Dox % K ERN L ZUE LRt AR 4%
S 2H R B b A A - RS RV E A U
FTHE J (4 FI TRAP G (1, 3 3l WL 20 U5 3“7 ok
7L R AU O

1.5 R he @

WOR B B8 -2 RS AW R, 5% L
Mg VIR 1 he 3500 LA— BT iR AL i SME =
Y9 4 (phospho-extracellular signal-regulated kinase,
p-ERK) (1:1000) 4°CHE®, #6_hi (1:
500) 37 °CHEEHFE 1 h, PLoOLERE FHE .
TEAR B SO0 WA T g . MBOFgE i i & 241
Rt -2 1B 5 41 21 p-ERK ik L
1.6 KEAIRALUE 1t R A M (quantita-

tive polymerase chain reaction, qPCR)

RO B A0S B O A P R4, 4% I RNA
S AR & PR D BRERAE N T 00 A SR &t
17305 sl 4 cDNA. DA H i eI 0l (gly-
ceraldehyde phosphate dehydrogenase, GAPDH) A
WS TN E & R A WEE N (polymerase chain
reaction, PCR) ¥  DIKG I £ 2H /)N B F R 4H 21
I IL-1B, IL-6, CTSK. ACP5, MMP-9, NFATcl
mRNA R IEKF o ALK ST EL.
B A PCRAG G Ul B B, & AHB 34
AL K25 R U ERZH 2P BRI R 2R ik
K-

® 1 AXWATqPCRYKRSIMFT

Tab 1 Primer sequences of rats used for qPCR in this ex-

periment
51 FP5 (57-37) v
KB /bp
GAPDH F: GACATGCCGCCTGGAGAAAC 92
R: AGCCCAGGATGCCCTTTAGT
IL-6 F: ACTTCCAGCCAGTTGCCTTCTTG 110
R: TGGTCTGTTGTGGGTGGTATCCTC
IL-1B F: AATCTCACAGCAGCATCTCGACAAG 98
R: TCCACGGGCAAGACATAGGTAGC
CTSK F: TGGCTGTGGAGGCGGCTATATG 82
R: CGGGTAAGCGTCTTCAGAGTCAATG
ACP5 F: ATGACGCCAATGACAAGAGGTTCC 125
R: TTGTGCCGAGACATTGCCAAGG
NFATcl F: TCCCTGCCTGCCCTTGACTG 92
R: TGAGCCCTGTGGTGAGACTTGG
MMP-9  F: CTCCTGGTGCTCCTGGCTCTAG 112
R: GCTGTGTGTCCGTGAGGTTGG

1.7 CCK-8ll5E

RAW264.7 AU 52 9347 14, 4300 9 2H k47 41 i
FEPESZE . XFIRZH . 50 pmol/L Rb3 2. 100 pmol/L
Rb3 4. 200 pmol/L Rb3 4. 400 pmol/L Rb3 4 ,
25 umol/L Dox 4l . 50 umol/L Dox 41 . 100 pmol/L
Dox 20 . 200 pumol/L Dox £ . ff I Bt il 4 1) Xof 1o



o714 AT 11 2= 2 4% & West China Journal of Stomatology 2025-10 43(5)
Rb3 1 Dox ¥ B 1y 5 Fe SAT AN ML B B, B e Heph T 110 ZEits#ortr
96 FLANME R Fe b, e BRIE AL 1x10° 1 4i i fT A 52 46 %4 fd H SPSS 23.0 1 GraphPad

W AT AR, B 6N EfL. 24 h)FRHfL
JILA 10 pL CCK8H], B FR4i h e S 1.5 h 5 46
450 nm 4 OD{H . Zr AT b 25 ) 0l 240 e 11 22 4>
WS L
1.8 RAW264.7 ZilJifs RNA $EHL . %% 55 PCR

RAW264.7 40153 J5 1041 . XJHRZH . LPS 4 .
100 pmol/L Dox #2H . 200 pmol/L Rb3 24 . LPS+
50 umol/L Rb3 41 . LPS+100 pmol/L Rb3 4 .
LPS+200 umol/L Rb3 £, LPS+25 pmol/L Dox 4 .
LPS+50 umol/L Dox#{ . LPS+100 umol/L Dox 2 .
e FE PR A N B2 T 1< 1004, $ER T 6 LR,
AL 1 mL, &3INREIL, 5%CO, 405 T2 4 b7
H 12 h, fF 4008 58 50 W BE S X AN [\ 4 4
RAW264.7 21 Jd fin A X 7 e B 1 245 4y 338 47 931 4k 24
2 h, BEJE XA LPS FE 41 m A LPS, ffi15% LPS
RUZHE A 1 pg/mL, 24 hJ5UWCHE, J5%E PCR 525
A 1.6, K Rb3 H1 Dox XF 7 i b w2 ffd
(Porphyromonas gingivalis, P gingivalis) LPS i}
RAW264.7 40 g 51 A9 IL-18. IL-8 mRNA 33k ()
M, ARSI A WA 2.

* 2 ATAIBMARSIWEF

Tab 2 Primer sequence information of mice used in this

experiment
519 A (530 R
bp

GAPDH F: GGTTGTCTCCTGCGACTTCA 183
R: TGGTCCAGGGTTTCTTACTCC

IL-8 F: GAGACTTCCATCCAGTTGCCTTC 151
R: TGTGTAATTAAGCCTCCGACTTGTG

IL-1B F: TCGCAGCAGCACATCAACAAG 190
R: CCAGCAGGTTATCATCATCATCCC

1.9 HEHEENE (Western blot) 73

RAW264.7 i 53 6 2 . X HRZH . LPS 4 .
LPS+50 pmol/L Rb3 41 . LPS+100 umol/L Rb3 4 .
LPS+50 umol/L Dox 4. LPS+100 umol/L Dox 4,
Fi R A0 B e BE Ry AL 1< 1004570 T 6 FLARH
fLimL, %3155, 12 hJE AR B Rb3
M Dox FilAb ¥ 2 h, fINALPS (¥ H1 pg/mL),
24 h 5 24 AniE, S IR E L . BCA A
BRI AR L, EATHIKAC I, RIS S,
p38. ERK. p-p38. p-ERK I GAPDH %% [ 19—
B4 CIEHLRK, 24 hEMAZIZER FIFE 1h,
YR, HLfk 2% & % (electrochemiluminescence,
ECL), & HriE e

Prism 8.0.2 8 F#EATGL it o0 M, I Kdls 4
ebrif 223K, 2] H A fd L ST REAS ¢ 4 46
1030 P<0.05RmA BEGIF2ER . sk
K 3

2 R

2.1 Rb3 F1 Dox %A B P ZH 24 2 1 4G

HE ezt (K1) B7x, Rb341MI Dox 41k
BB . BAE . B RE I SURBLE R, 5
X RRZAH b 25 S e g iAo X, XUl 2 Rh 25 Wi
i VR SRR 7 6 S 56 2 T A KRR R P R e 4

AEEE
2.2 Rb3 X256 A i 98 R BUA ] 41 43 R E Al il
hgiopA ol

SEHA KB A S HE e 0 (BI2A) WIR
R G o R AR RE AR . SXTREAE LG, ARk
IEH S IN , Won R ARCIR, T2 Y AR A
MR AE AR L F2 U7, A5 A b R R A B A
(cementoenamel junction, CEJ) [W/R F T, B
B S BiE R 2 e R fAE . Rb3 Al S 45 4LAIAMH L,
IS ARk 5N S, H R E 4 2 Ve a2
B A5 3l 2 T B 0T HR A RIS P

TRAP 455 (Kl2B. C) WoR, Z5HL41F
JE A 2 0 B At B R T AR N R I e s T
XTHRZH . Rb3 M Dox 41, M F44L41, Rb3 4
1 Dox ZH i B 40 i Kl i e SRR AIR (P<0.05), H
Rb3 21 il 1 40 Ak i B 0 % B2 K F- . Micro-CT
A 0] O OO SR AR R SOk A (A
2D) . S5HAEX A L, AR E AR
R, B Z A2 ™ A A, S i 2 A
B LEPERIR, MR RGN, VI ER s
T O A G v o R O™ L R R e RO
HEZH I B B oek /D . Rb3 AR T45FLAL, B ik
YT P A T 2 A0 SR B A Z M IR Bl 2 8 oF
AR 1) 2l By B WSO A 2 LA W B o e o i —
A9 CEJ- A # T5 (alveolar bone crest, ABC)
B aE R (K2E) Bon, Z5FL41ENT R4 CEI-
ABC BE 5 40 , 1 Rb3 4152 45+ 41 CEJ-ABC
FEESFEARI] . (P<0.05), FTXfBREAIKF- 4554
F2H, Rb3 AT A 6 41 2R AE S 9 5 | 1 A A
HRW, FEHRHUA R B RO T, Rb3 AL >
T B 240 BT S A F A
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Fig 1 HE staining of rat heart, lung, kidney, and liver tissue sections

2.3 Rb3 X SE5E o8 il & R A T LH VRN A1 ) 1

S PR F- 235 (1) 5 )

FIRHL qPCREER (EI3A) s, Rb3 Al
Dox Il il & iE A 7 IL-1B. IL-6 mRNA & ik /K °F
(P<0.05) o K BRC U I 75 0 S5 B B3, ELISA
Pk i g h ARE R - Fr i (KI3B), SXTHRZLAE
Fo, ZEFLA R BN IL-6, IL-8 i B &1L
(P<0.05). S545FL4MILE, Rb3 41l Dox 4]
JHIL-6. IL-8 SR 4RI F ik, TR BRI IR
Pl s IR E K, {A7E R IL-8 51T, Rb3AH
BT Dox HEMEE (P<0.05). FitLikk Rb3 Ail
Dox AJ 1 ifi] S 554 2 J8] 98 K B A SR A 4URn AL il v
RAEH T B RIR, PIHE XA R AE B 7 19 B A
D5 A5 A e
2.4 Rb3XFS2E M i 98 K BUA o 20 SO e A AR

P& TElishA

qQPCRZ5 R (1 4) Wor, TR @Al 155
SE K NFATcl mRNA f93RI8 0 2 1, Rb3 41H1
Dox ZH M| 'F 74 NFATc1 mRNA #) % ik (P<0.05) ,
{H RO3 41 0] T Rk &2 28 B 42 30 {3 R BRI K -
LR IR ML o i o7 M R T il 7 B
CTSK. ACP5 #il MMP-9 mRNA ) % i5, Rb3 FlI
Dox Y6 I iR FE R ik, M T Dox 4, Rb3
AR B 1 F CTSK . ACP5 il MMP-9 mRNA 7K -
TR (P<0.05), FiR%sF607 Rb3 Hl Dox P fh
25 A0 A B P ML T R T A O o R OC B
SR F- NFATc1 mRNA &k 1 17 #00 il T Y 3 PR 5

B, S0 R A A ) A
2.5 Rb3 X8 Fal 58 K AN i rh S e sk R

K- 5

ELISA BL45 0 (E15) Won, SXTMZ4MHEL,
ZEFLLA R RIS IgG . IgM & N, Rb3
2 . Dox 4 KR ' IgG. IgM /K12 3 T %
(P<0.05) ., ZEFLUHH Rb3 A1 Dox Pl 24 47 alg ml 3 5
P58 T 3 B AIC A1 JE I T ) 1gG L IgM SR aE 4t
PRI A Ji R o
2.6 Rb3Xf P gingivalis LPS Jil i RAW264.7 4 it 5

AL 11 AR AE K 7 235 152 )

CCK-8 5% (K6 ) #B, 50, 100,
200 pmol/L Rb3 X RAW264.7 40 it /Y 1% S M4 T
X HRAH A 22 50], Uk JEETE 400 wmol/L i 241 I 3% 7
T & (P<0.05) . 25, 50, 100 pmol/L Dox X}
RAW264.7 21 i 1 J1 #HEC T X AL A 2200, ok
J¥7E 200 pmol/L B 21 J 3% ) F BB & (P<0.05) .
e PR Bl 1 pg/mL B P gingivalis LPS J| #4
RAW264.7 4 il 7 7. 48 i 4 M55 A . qPCR 45
(K6 F) W, Pgingivalis LPS | IL-8 Fl1IL-1p
mRNA %35 (P<0.05). Rb3 i kb H 5L ik B 45 i 1
U IL-8 FIL-1B M FRE (P<0.05), {HHKEELE 100
F1200 pmol/L i}, 225 T4t . Dox Zin]
T IL-8 FTIL-1p mRNA i1k (P<0.05), {HIL-
1B mRNA K3k 7K V- 1Y FEAR 5 ¥ B2 TC W (i AR DG HK
PP
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A: FRMALYI R HEYE; B: FHALYI A TRAP YA ; C: BB 4B, **P<0.01; D: Micro-CT i, 7k UIE E1%; E:
CEJ-ABCHEBI/3#r, **P<0.01,
B2 Rb3 WIS Be4: o A 496 K BRI 21 40 S R A e

Fig 2 Rb3 inhibits periodontal tissue inflammation and alveolar bone resorption in experimental periodontitis rats
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© 5 @ % 2 000 % 20-
a = = =
0- ~ o 0- 0-
A S ST B S ST
A FHGHACSRAE N TH) QPCR A5 5 B: AP MARCAAE K T /Y ELISA 455 . *P<0.05, **P<0.01,
3 Rb3 Fl Dox 3l K BUA A 2 SURIS M i 59 D ik
Fig 3 Rb3 and Dox inhibit the expression of inflammatory factors in rat periodontal tissue and peripheral blood
5% oo ek
k% - Hok = 3k -
AT 41 as 207 = ]
2 4 B B 15 i 4 =
< =" 2
é 34 <Zt 5 <Z: " < 34
2o : 2" 25
2 T % 0.5 0
E 1 E 2 § 17
Z 04 = 0 “ o 0-
BB B B OB B B B BB B B
F S # F o FP e
*P<0.05, **P<0.01,
P 4 Rb3 Fll Dox il B T A7 X 10k
Fig 4 RbD3 and Dox inhibit the expression of osteoclast factor in rat periodontal tissue
x ERK/ERK HY b AE 2 25 38 /i, Rb3 4b BREE AR T p-
600 —* 800 —* ERK, {H7E 100 umol/L ¥ p-p38 MAPK A i 3
E E 6004 2 F B AR (P<0.05) . Dox 41 A W 4% £ % p-p38
& o g MAPK. p-ERK A5 (K7 ). T %Kik Wes-
~ Swi 400'
£ - H tern blot 7M1 258, MUK R A JHA L Y]
& = 200 PEAT MAPKs il 6 AH 570 7 B e 5Ot e o, 4551
0 0 TR, SRR TR AR R A R B O R A 2 b o
B B B B B B B B 2L X ML 2 2 9H 21 X 4 5 g
A§g~ & & Cgo & & RSk DX B2 DU B 25 45 20 21 DX 40 i N p-ERK 5t 3R

#P<0.05, **P<0.01,
5 Rb3 I Dox i A AME ML H 1eG . 1gM /K
Fig 5 Rb3 and Dox inhibit IgG and IgM levels in peripheral
blood of rats
2.7 Rb3 X} MAPKs {5 53 [ 1 52 i)
18 1 Western blot 43 #7 £ 1 Rb3 F1 Dox X MA-
PKs {55 5 i M AU . P.gingivalis LPS il RAW-
264.7 40, Z5H W R, LPSHIBL AT LA MAPKs
1 R Y GBS o o TR Ak p38 22 B TE AL H
¥ (phospho-p38 mitogen-activated protein kina-
se, p-p38 MAPK) /p38 22 %5 i fb 36 (s (p38
mitogen-activated protein kinase, p38 MAPK) . p-

fm2eih, Rb3 4K B[R] A X B Y p-ERK 3R 35 7K
TR (KT7TF).

3 itig
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Fig 6 The effects of Rb3 and Dox on the activity and mRNA expression of inflammatory factors in RAW264.7 cells
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