2% %5. R783.6 & K. HEHK] E
% 5. 20222114137 AR 10759

£®E, MEE BREREMEFERL T
FESRITN R E R SIS

P hE B AE L BA &Yy
g5 #® W Bk #i
B OiF ¥ L K A £ A+
e o ¥
B R 5 5 A
fioE % B B b

- HHE e LT
2025 4 5 A



783.6 % K. K] E
0222114137 B AR, 10759

-

P
<o <o
D=

£®E, WEE, BEEREMEAREL T
BTSRRI R A LB 5

¥ LF F A &Yy
R G L] A% #H3
F % % £ H
+ b & K o RS E ¥
#ORA A A i
ok ¥ K BB

HE - B BT
2025 4 5 F



Evaluation of Antibacterial Efficacy and Mechanism of Action of
Curcumin, Quercetin, and Thymoquinone in Peri-implantitis

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of
Master of Stomatological Medicine

By

Qian Yi
(Repair and planting)

Dissertation Supervisor:Prof. Zhou Zheng

May,2025



AT R AL SO B 4 75 B 2 A P 1R AL S B

SR A A

A NPT 2 AZ WAL SR A T I 45 R 34T (0 7 AT SIS I Ok . P 3
R, BROCH CEER S N ESS, RSO E AR N B2 R R B S 1 (BT 7Tk
o XA ST T B EE TR K ANATERAR, 8 CAE SO AR 1 B R U O R s B

90254 «‘75(’1)

B 5038 F § H!?B

il 45U W

RNTEE TR T KA R R AR SO E , AR BUOR B S AL SO )
[ X 328 AR 1 s e WA I AR S L 1 RO AR T iR o A3 BURE 22 67 18 SCHE 221 B T
FEIF SOV A A BB AT BOF AT R 2 A SO AN AT R B SR I R AR S5 . AL
R ZA LR SRR B Ao DR 1 S A8 SCAE A S A E

Mg, Y mHAl: 20°S £ ¥ A (75

S }% HIE: 206 A /75



mE

Hiv: PHEZEEE (CUD - MR (QU) KE BAR (TQ) A BRIk A FH T e 14 [ 78
FEFURE CHERINWRRE P gingivalis I TREITREHT T A. actinomycetemcomitans) "R
R, A A R R B RS 20 AR R R LA, a4 24 3 2R P AR 2R A AR B
B LS TR A A TR 98 AR FATLAR o

Jiid: BN EARRAIE R E R MR B S ORI FH N R R AR TR R

(MIC) FURACREKE (MBC) il i BEALVE I E I & 25855 ge. (FICI 7041 G HL 1/2MIC.
MIC. 2MIC. 4MIC Bl 2GR B, LA MIC B NI A 2R B, LA 48h IS [i) i it 7
AR AR K RTINS E MIC B FH AT MIC B N 2G99k B, R Al 41 1 33 47 PR AL 15 9% 48h
J&, STAHTE R K R RE AT E BRI s S AR AR R IE AT = 2 W0t R K P R R
PRI SN B IR A I L VSRR SESG, I R AR AR B Uik (MBIC) . &AIKIE R
CIRBEYEIRE (MBRC) 4544l BT 5 LA A F 8 70 B 0 (1 24 W K- 0 4 R TOM 485 R 1)
WRER s 18I LC-MS/MS W75, B 78 M (0 HBd FR I A 254056 28 Rk P AR s 22
AT AR 22 57, WD ERR X AH B VR IR s e 0 48 24 3 2% K 43 -1 R 5B B )
BRI 24 W0 T RS ) B % A PR A R SRR S % 0 £ P B A

ghiR.

1.CU. QU. TQ #phfd i X} P gingivalis [f] MIC 4> %)~ 3.75mM. 20mM. 33.5mM, X A.
actinomycetemcomitans 1] MIC 735289 7.5mM. 40mM. 67mM, BtA HZE 1 MIC. MBC #3253
PEFFAK s CUHTQ X P. gingivalis ] FICI=0.5, AW FEI{EH , CUHQU/QUATQ X P. gingivalis ] FICI=0.75,
NAIIVER, CU+TQ/CU+QU/QU+TQ Xt A. actinomycetemcomitans W] FICI=0.75, NAHMAER; Bt&
M #4555 1 P. gingivalis F1 A. actinomycetemcomitans 3t N~V & #ARKS 6], MIC ¥ & A 25901 FH i
M T AR IEA, BAE R 1A BRI e R S, =M%t P gingivalis 71 A.
actinomycetemcomitans W] $1 ] /F F B8 v FE 38 nmy 3G 58 ; =Fh 2590k 2> T P gingivalis 1 A.
actinomycetemcomitans = FRIEH (P<0.05) , P& 7 HFF = (P<0.05) ; CU. QU. TQ X P. gingivalis
M1 A. actinomycetemcomitans 1 F 18 Fh A P 1168 1A T 35 R B BSR4 AE A s CUL QUL TQ *f P
gingivalis ] MBICso {54 %) 4: 7.5mM. 20mM. 67mM, CU. QU. TQ %} P. gingivalis ] MBRCs
fE5374: 15mM. 40mM. 67mM, CU. QU. TQ X} 4. actinomycetemcomitans 1] MBICso & 735 4
3.75mM. 40mM. 16.8mM, CU. QU. TQ Xt 4. actinomycetemcomitans ) MBRCso {8435 4: 7.5mM.
80mM. 33.5mM, =FPZGWEcE X P gingivalis F1 A. actinomycetemcomitans [/ &Y AT TERRIT
PR 5 EL B P 254



2.9 B R CUSTQ BRI 1 40 B 4 i i 58 B4 1 . CU+TQ X P, gingivalis A3 5 1 7 54X
W 328 4, BASGIHEE LA 184 4 (P<0.05) , Hi BEREA 1174, FiEKAE 674,
2 EBONNRIR KNG+ ANR LHATENSE; CUHTQ Xt A. actinomycetemcomitans A2 J5
R EE 295 4, HA BAS R LKA 150 4 (P<0.05) , HA BimlE 784, FTHRA
724, WRRANEE 3L 2 A FEME 194, N 74 HAERPAREHE K Eh HA
UCERBI WA il ZERR A S G AR s

3.CU+TQ K& EE A 336 A, i i [ 2 ROBEIL KA 375 A, BRG 29W0iR YT e 4 ]
RITEEHLAAE 314, O SCN TNF. IL6. MMP9. PTGS2. PPARG. MMP2, HZ4rT5i#
IR E A (45 A5 A 259 3 B Relaxin £5 5@ % & IL-17 15 538 B 94 77 R 4478 B 2% .

it EEER. MR A BRI R R [ 2% 32 S0 B b 2 R e SR B MR TR AT
LA ARG TE . PPRRRE ST R ARESD AEMIER RS AR R A 2 2 R 4 Y HLIBCS 2 L
M ZROR T, B RBCAW R R ZR G E B A TR I HR A bk 5 B ) 4o 2 E A
Wi e ZRIEE E B O O AR bR I T ) AR PR 2 A W R R FER M IS
PR AETBATEBAT B A0 ) AR VR s 223 3 K5 7 B2 T g 0 1) 28 0 P~ bR 8 i T 4 TS T8 2%
AR AL . 2238 G E FE A il o e DR 7 S b R S i o R0 e T TS 6 AT T ) 4 P
B FHHARUTL R e B AT B HIHIVE s M E R oy PO 0E, ZHRBE T BE
i P LAE 5 0 A () B e B RNV 7 ML AR B [, OF ELVR YT I DGR T REAE T- I AT G, ZH 40
P 2 28 DL A1) R0 R B S 3 55

REEE. MRS 2R MR, ARER: WEEM



Abstract

Objective: To evaluate the inhibitory effects of curcumin (CU), quercetin (QU), and thymoquinone
(TQ) alone or in combination on the biological phenotypes of  Porphyromonas
gingivalis and Aggregatibacter actinomycetemcomitans, the major pathogens of peri-implantitis.
Metabolomics was used to explore the inhibitory mechanism of the optimal combination drug on bacterial
synergy, and network pharmacology was employed to preliminarily investigate the mechanism of the
optimal combination drug on peri-implantitis.

Methods: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
of CU, QU, and TQ alone or in combination were determined using the microdilution method.
Checkerboard assays were used for combined drug sensitivity testing (FICI analysis). Concentrations of
1/2MIC, MIC, 2MIC, and 4MIC for single drugs and MIC combination for combined drugs were selected
to measure bacterial growth curves at 48 hours. After anaerobic co-culture with bacteria for 48 hours at
MIC single and MIC combined concentrations, bacterial acid production and adhesion ability were
quantitatively detected. Microdilution assays were performed to evaluate biofilm inhibition and eradication
effects of the three drugs on P. gingivalis and A. actinomycetemcomitans, and minimum biofilm inhibition
concentration (MBIC) and minimum biofilm eradication concentration (MBRC) were determined.
Scanning electron microscopy was used to observe the membrane damage effects of the most effective drug
combination. LC-MS/MS was applied to quantitatively and qualitatively analyze differential metabolites
of P. gingivalis and A. actinomycetemcomitans treated with the optimal combination, preliminarily
exploring the antibacterial mechanism. Network pharmacology and molecular docking were used to
investigate the potential targets and related pathways of the optimal combination in treating
peri-implantitis.

Results:

1.The MIC values of CU, QU, and TQ against P. gingivalis were 3.75 mM, 20 mM, and 33.5 mM,
respectively, and against 4. actinomycetemcomitans were 7.5 mM, 40 mM, and 67 mM, respectively. MIC
and MBC of combined drugs showed multiplicative decreases. CU+TQ exhibited synergy (FICI=0.5)
against P. gingivalis, while CU+QU/QU+TQ showed additive effects (FICI=0.75). All combinations
showed additive effects (FICI=0.75) against 4. actinomycetemcomitans. Combined drugs shortened the lag

phase of both bacteria; concentrations >MIC and combined drugs completely inhibited growth, with the



strongest effects during the logarithmic phase. Inhibitory effects increased with concentration. All drugs
reduced acid production (P<0.05) and adhesion rates (P<0.05). MBICso values for P. gingivalis were 7.5
mM (CU), 20 mM (QU), and 67 mM (TQ); MBRCso values were 15 mM (CU), 40 mM (QU), and 67 mM
(TQ). For A. actinomycetemcomitans, MBICsy values were 3.75 mM (CU), 40 mM (QU), and 16.8 mM
(TQ); MBRCs values were 7.5 mM (CU), 80 mM (QU), and 33.5 mM (TQ). Combined drugs required
lower concentrations for biofilm eradication.

2.Scanning electron microscopy revealed membrane damage in bacteria treated with CU+TQ. CU+TQ
induced 328 differential metabolites in P. gingivalis (184 significant, P<0.05; 117 upregulated, 67
downregulated), primarily lipids, lipid-like molecules, and organic acid derivatives. In A.
actinomycetemcomitans, 295 differential metabolites were identified (150 significant; 78 upregulated, 72
downregulated). Common differential metabolites included 19 upregulated and 7 downregulated
compounds. Key metabolic pathways involved biosynthesis of other secondary metabolites, amino acid
metabolism, and lipid metabolism.

3.CU+TQ had 336 compound targets, and peri-implantitis had 375 disease targets. Thirty-one
overlapping targets were identified, with core targets TNF, IL6, MMP9, PTGS2, PPARG, and MMP2
showing varying binding affinities in molecular docking. The combination primarily acted through the
relaxin and IL-17 signaling pathways.

Conclusion: CU QU and TQ significantly inhibited growth, acid production, adhesion, and biofilm
formation of P. gingivalis and A. actinomycetemcomitans, with combined effects superior to monotherapy.
CU+TQ and CU+QU showed synergy against P. gingivalis, while QU+TQ showed additivity. All
combinations showed additivity against 4. actinomycetemcomitans. CU+TQ exerted antibacterial effects
via membrane damage, metabolic disruption, and energy perturbation. CU+TQ targets shared pathways
with peri-implantitis, potentially acting through angiogenesis, tissue remodeling, and inflammation
inhibition.

Key words: Peri-implantitis; Curcumin; Quercetin; Thymoquinone; Synergistic effect.
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RBXHE EXEH 3L AL
Minimum Inhibitory 3
MIC Concentration BRI ERE
Minimize Bactericidal ORI
MBC Concentration BATABRE
Minimum Biofilm
|
MBIC Inhibition Concentration BAREVIIE Rl B2
Minimum Biofilm BIKER OB RK
MBRC . .
Reduction Concentration B
oD Optical Density ROE R
DMSO Dimethyl Sulfoxide — HEE AR
CU Curcumin EZEER
QU Quercetin W&
TQ Thymoquinone EEX5
P. gingivalis Porhyromonas gingivalis JF 5 bk B R
Aggregatibacter
actinomycetemcomitans e LR T LR AT B

A. actinomycetemcomitans
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(Aggregatibacter actinomycetemcomitans, A. actinomycetemcomitans) {EFFHE A JE [ 28 H
L E AR LS8,

TR A JE B2 R RREAIR R I g REIRER IR 0. PPl R th it R4 JA
Bl N A . PRAZIREE BRI P o 8 B RN, 95 ik R IR R 8 HH I X b b A A
B, HEME, & H A R ) i RO, Mo A4 R B 2% KR T E AR
SRS Z) T b DA ] 1) 25 A DA S AR i oA A4 &) L B P A2 2 IMombeli AT Lang[BHE H T
ZNFEWT P RE YT (cumulative interceptive supportive therapy, CIST) HJFFIGTT 2
J¥o CIST fRHEFRI ™ HAZEAVE I, IR SPMIGIT . REBIT P RIBITE,
PAPEHIHEAT o By, B8 S R A VIBR I TR B A PR T AR AL R B s 451 o (H PRI e e 4 5% T
GERIRAE, A4 P A o] (] SRR Ak ) A B AR e LTS B i R B S P AE R TR 9T« 8
M, A E 4 i 7 AR AR ) [ 2% 32 i AT 71 7% e A S BI H  —F 5 22 b i ik 7t
AR ARPRA IR A TR SR AR 24504 I L, H F TR R A ) [ 98 A ) % A B Iy A
7, WE T ERMNKEIAZ A A R IEIE AR BRAEDS 161, IR AH X 22 42 I R SR = 8%
g LR T AR SE G B R B AR . FEIX L RAR W) lif G rh B2 ) i
23 % (Curcumin, CUD P 7 28 (Quercetin, QU0 21 B ¥ [iE22- 231 ( Thymoquinone,
TQ) B ZAREAFLE T EYIE KT E L, REAEINZY). ZEa2
IR E MR R PR IR 2 Y, BEHIR, BiE, JUEACAIRESERE, SHA T AT
MRS, BB GE 7P RRAE RS, 2 NS S8 A bR R A R R T LR AR AN B
(90, I H 223 Z KA G AT A B DOGB) ) RIE AR SRR AT B 120 i B2 3R 2 — Tl ARk /K
RPN G 2RI, Tk, BT EAURA. FiR. PiR. POl EEEE it
T AR UE B B A R 1) 24 FH B 262800 A B 3R AT 5| S 20 A 5 RO RIS, 5 S04 T 3 T R A 48
SERIRIBIR, R AE SR VR e Boph it ) FLAth 24 ) 0) 28 R b B P A 200 R SRR T
LA HEEE —EWRKIER . B BAERE 2- 7 0 HE-5- W -1 4- K8, =& BFh R
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F28 ZRE. MER. BEBFBEXIMIEREE K 5 SFERANK S A5
FHREMEAT R REMR AAFRFMEFILL

P R AR R A5

2.1 MR 5HIF

2.1.1 EEpRFnR5

W R VORI BRAE R (B A ARAR, CAS'5: 117-39-5;

LR VIMSIBER T (R A ARAR], CAS5: 458-37-7;
HEAN: AREEMEELS (L) A EMRAR, CAS5: 490-91-5;
BT ER: WMIERIZGARAR, EZHET 5. H20174080;

REFREE: HAMZEREM A, 'S C-35;

Bt RPN E: bR ZEEERAR AR, $5: G1060;

LR JESR (0.22um) « HEEREVRHEAERA R, $5: SF-PES-223301;
ik L ZEEERARAF, CAS T: 548-62-9;

THEWHK (DMSO) : bR ZEKEEREAMR AR, 5: D83TI

2.1.2 HEMIEFRE

FHRIBR RIS (P gingivalis bio-53046, 5|FiF ATCCBAA-308) , i H%E (i
DO AR A R A F;

PEIRER T B (A. actinomycetemcomitans BNCC337071, 5|#F ATCC700685) ,
AL A BB AE MR TR A 7] 5

W0 R AR IR (BHD = T BB AEMEARGIRAR, 5. HB8297-1;

MM ER: FRHEHEMHEARARAF, 5. HB0310a;

AR KL FEHBHEVMEARFRAR, 5. HB0310b;

ERY: EARMEHARAR, 75 bs195;

WA4EEIM: FEEHEMEAREGRAR, 5. 1001339-1;

faEIiE (FBS) « WL RBUAEVRHER M ARAR, $t5: 11011-8611



F28 ZRE. MER. BEBFBEXIMIEREE K 5 SFERANK S A5
FHREMEAT R REMR AAFRFMEFILL

2.1.3 IEFFEEOCH

BHI WA 734145 B RFEFR B 3.85gBHI £ 7%3E, hO 100mL 4li/K, In#kdi
FEAF RIS, TN 121°C 20min =R KR, #F1Z2 55°CH, A 0.1mL &AL AL
2 M 0.1mL 4E4E &K KA, I FBS, TR 2%FBS 1) BHI A4k 1; 7% 3 ;

BHI M35 fig P il % BT R FEFRE 3.85g BHI ¥577 3%, I 0.9g T fiE, I\ 100mL
gk, ISR R VAR, BN 121°C. 20min B R KE, BWEIE S5 CEA, A
0.1mL EALMATE . 0.1mL 4E4 & Ky 9 M SmL L BAREF4EE 1, TRE IS EHEH
LRSI, FPARME 20mL, B EE R .

22 MiRAZE

221 ERE. WMEE. BEFRARNFIF

ZWE (CU) , =80% (HPLC) . KJE N 60mM LM RER: HEERETH
BHI iR i 553, (4 1%DMSO) H1, £ 0.22um I HIESR IS IEG, B 4 CUKMEMN&H.
W TR BRRIZ AT LERR RV T BHL RS L (4F 1%DMSO) H1, iR 2Rk E
930, 154 7.5, 3.75. 1.875. 0.9375. 0.46875. 0.234375mM;

fzz (QUY , =95% (HPLC) . ¥WKJEZJy 320mM (R B2 32 BE: Rt e 308 T
& BHI AR 753 (8 1%DMS0) H, £ 0.22um M LH IERSITIE)G, B 4CUKFE N &
F o Wit Hz 5 BB B4 LU R B8 T BHL AR 973 (4 1%DMSO) H, fi iR &
WPE N 160, 80. 40. 20. 10, 5. 2.5mM;

HEAFE (TQ) , =98% (HPLC) . WKFZH 134mM M H BAERER: HHEE
BT BHI MUAR IR 5 (5 1%DMSO0) H1, £ 0.22um KL IEAR IS IE, B 4CIKFEN
HH . K H AR RHRGL A LR BATE T BHL AR 77 3E (4 1%DMSO) 1, il
AR IE N 674 33.5. 16.75. 8.375. 4.1875. 2.09375mM;

2% K IE N RIEW: FREGRRK IR 2 K 20mg, IO HIH 10mL, EFIRA
G, HIRR 2%EhROKEIR RIAR, B 4 CUKFE IR %H .

222 HMEGERE R E

MEEE TR BRI R L B  AERERTEAT WA R TE S, TN 0.5mL 46
KT RIE, WER 200ul B EBUBON BHI MLBIE AR E T, 5154, T 37CIREA
K597 96h. FHEZFI IR EL — 3 B AP AR RIZR 5O BHI BRI, T 37 CIREARE % 48h.



