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Azithromycin-loaded Polydopamine Nanoparticles for
the Treatment of Periodontitis
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Abstract By the coordination between dimethylimidazole and ZnNO,*6H,0, the dodecahedral ZIF-8 were prepared
first. Using ZIF-8 as template and dopamine hydrochloride as raw material, polydopamine nanoparticles (PDA NPs)
with hollow structure were then prepared by chelation competition induced polymerization (CCIP) method. Further-
more, by using PDA NPs as drug carrier, azithromycin loaded PDA NPs (AZM@PDA NPs) were finally prepared.
The hollow structure of PDA NPs contributed to high azithromycin loading with a drug loading rate of up to
20.2%. AZM@PDA NPs have high biocompatibility and low cytotoxicity, and can promote the expression of anti-
inflammatory cytokines in cells. The sustained release of azithromycin achieved by AZM@PDA NPs can effectively
treat periodontitis and resist alveolar ridge resorption, with good biosafety in vivo and broad application prospects.
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PR AE NBA AT, 7865 %5 M UL F A AT 2 TR R B 2 =18 70% . IRIRY, 2 5Eryal
BRATT AR b3 ia R A R P4 AR TG A A ] 2 R SE A 5 SR FH 24t T I o 24 vk
FEXMELLAES | 259 S BRAE I B A BRAF ), I R IR AT RABCRAE . SRl b T &
FERAS, S TEEH I E A DI RE, A 2 RS0, AN nT i s A Bk, IATE
PR T BRI R 25, SCIRZG I AE 8 SRR AR R i R A e e, A B g m T A i) o fb vk, (2 iE 2
SRR AR, s A A6 T ik Sk .

TERZ PR ZGYIT, BIET R 22— R RN BRZEHUAE 2R, RROE I 240 1A & 11 0T (%) & B A A B 1)
RN, W TR AE YRR R . BRI, BATA3 25 2 0T 2 JR] 48 B0 T an 8 22 [P TR L S84
PR RIS A RSR R GVERT. R, Pa5 5 20 A XTSRRI S0B Bk, WA E
2R FA SRR RAL , (TR A N %) B A B 2 VR B AL T A R KT XA Bl T ARG 2 W R 1) A e B
i), X} A ZUAAE R A AP IR PR

XTHUR WAL RAT LR 3 A0ESF A I . (1) ZREGAUKRA BRI T D i i, 2%
R TCHE IR, DARIEAE D 2 e (2) SR B A s 2 ) R dae 71, DAORIESF R
(3) FARDIREE AR, BEAR PRI EE IO BT, PRAR R SRR 218, DLSCI S I e e i
X AR R TR S R . FEARZEUR T, RE WA B LR R Bf i 2R R,
— 7, REAKM R EEEEE AR, A AR A 20T, JF RS AE AR PRI IR Th 1S R M, R
PR AR A PRI A s Sy — T, AW S B RN w G5 [RIAE R 25 ) 1 R R 1 3
UL T AR, AR AWM RN T o8 A KRR 4t 7tk s 2545, A B2kt
XTSI B RE T, BT

AN SR R kR 575 KA i R =2 Tl A T A2 AR R 25 1 1E -+ IR SR B9 Z1F-8 5 5L Z1F-8
BN, 2 B R R R M JERL, R R B 55 05 T R A AR T h S S I R 2 B R 4KRR T (PDA
NPs) 5 #E—25 LA PDA NPs Rk 2025 W, il % T 10 200 47 8 R 1 R 2 R4 KK T (AZM@PDA
NPs). PDA NPs HAG H2s 254y, A5 R 878 R 1 731, 2255514 20. 2%. AZM@PDA NPs AU IE
WA B EARAG | AE AR MR, IR REAS (L R AN M NPT R TR T 2Rk, A Bh T B WA A 1) M2 AR
b, TEXT K B T BRI VAYT . AZM@PDA NPs SE3L I 259 92 B A 300844 1 A Rl gl , FeAR T
RANMIZN , B RAFOAITRCR , I RN AW etk R A, HATT Re N 5

1 SCIGERyY

1.1 RXFIE5EE

2-F LRI (4l 99% ) | 7S /KA MR EE[ Zn(NO,),-6H,0, 4l 99% | Fl 2 [ i Eh R (99% ) , F[H
Sigma-Aldrich 2 ] ; I (HPLC 2% ) Fl £ (HPLC 2% ) , [ 245 S A Ak 4500 A BR S 7] 5 Bl 47 85 25 (4l
99%) , CCK-8 37 & . AR BN L1 (0. 25%) . 4L MM 1 2 W (4% ) . DAPL YL {a 3 . EDTA i 55 9%
FIRARRAFLL(H&E) Y il &, bt R ERHA IR AL /NS4RS A (L929) Fl/IN R A% LI
AL (RAW264. 7) , 7N B A RHECA BR A R 5 A5 5= 36 F PBS 22 vhif (pH=7. 2~7. 4) , 3E[H Gibco
ol RGNS, 2 Gemini 24 ] 5 155 SR & M PCRIXA &, XA YR (Rl B A BR
el PCRBIYD, 98 H EAEH AR LR A R F] s Wistar KB (HEME) , 10 T KA UE AR B AT RS
Al SERUGERRES , BRI T IR AE AR A A1 FRA F] 5 TNF-a 2 sl , 11L-18 2 weFEHT AR Cy3
FRICHIEH R TG, BT = A W R AT FRA ]

C-MAG HS 78It Sy, SER O MG A BRA R s GT10-1 B m i B 0opL, ALt p AR
B PR AL 5 H-800 B33 5 H 7 BB (TEM) , H 78 Hitachi 23 ] 5 UV-2600 FI 48 4h-1] L (UV-Vis)
ST, H AR Shimadzu 23 7] ;5 CMac Plus BYE§FRIYL , 3€ [E Molecular Devices 23 7] 3 Mx3005P #Y PCR
1, EEZHEEA T s wCT50 % MicroCT, Fi 1 Scanco 23 7] ; BDS400 BU#| B & i, & KD G AN EE
ABRTHEAH].
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1.2 XIEEFE
1.2.1 ZIF-8 84| % ¥ 74. 37 mg Zn(NO,),+6H,0 i F 10 mL JC7K B % o Bc 1 4% B 8 25 mmol/L ) Zn
(NO,), % ; ¥541. 06 mg 2-F FEBKIEIE T 10 mL JG/K B P O 4 50 mmol/L ) 2- B LR MR A .
AR PIFPARIR A G HE L h, Rz i AR . IR A VA LA 7000 r/min 9% 8 2.0
10 min, 152049 (1@ THE RN A ZIF-8, WA TTHE I F K B BREE A 2 1K
122 PDA NPs 8y # % Kf4. 74 mg Z L EERBREL T 10 mL JC/K FHBEH ATV 8 5 mmol/L Y 22 12
WL PR ER AW . 4 A Y ZIF-8 In AL, BEHE S 7E 60 “CTF Al 10 h. BRGSO H 2 =0,
L7000 r/min B 5% 20 10 min, 1520 BATIVERD A PDA NPs, WAEDITE I HICK HEEBER 2 1, FF
il 75/ PDA NPs 3 HU7ETCK S BEH, £ .
1.2.3  AZM@PDA NPs t %] % B HIVEE K 2 mg/mL i BT %5 85 2 2 B M F1 2 mg/mLL () PDA NPs £ %
VTR . TR AA R S ABURAS , IR R ROEHERE 24 h5, L7000 r/min (%55 8 250 10 min, 153 B 60
UTUERISH AZM@PDA NPs. WCEETTTETF 25 B 17K Pk 2 1K, #4151 AZM@PDA NPs 73 HU7E 2523 17K
25
124 fFRAE NG ZIF-8 1Y SV VR FE 0K SCREREAR ) |, 38 TEMOUERILIES . % PDA NPs ) &
PSS ROHE T A5 21 AR A , 38 ) bR TRURIFL B BE A A L R TR . K AZM@PDA NPs F7K 75 1%
TER S FFIEA ) |, 385 TEM WA HIE AR .
125 #HGERMBEKRFHNE EHWEESHH0.1, 0.2, 0.3, 0.4F10. 5 mg/mL P45 R LR
T, I FLER A AT WL SO, R I 205 nm Ab (4IRS B (1 IR O B (B 0Tk B b i 2 . IidR 1. 2.3
5l £ AZM@PDA NPs B} () 2358, 3K 205 nm A0 AW BEE , i 1o bs ofe il 28313345 21 R gl a2k i
BET R R M, 25 APk E— 2D A2 R 22 %

F4 6 55 1 AZM@PDA NPs 438l 2 SRR i R 29K 2 0. 1 mg/mL, /3 5I7ESG 0, 1, 3, 5Fi
7 R BA A 25 2R R
1.2.6 AZM@PDA NPs ) 27 jii 35 £ 5 1.929 i i0 LA 5000 /4L )% B B RPAE 96 fLAH , BT CO, 55 5%
i gE24 hin, SWESHIN0, 25, 50, 100, 150 F1200 we/mL ) AZM@PDA NPs 3L 85555, 24 h )i,
3 CCK-8 MR 2 B (1155 1.929 A A A XTAATE 2K, 2548 AZM@PDA NPs XJ 1E 5 40 M () 35 .
1.2.7 AZM@PDA NPs *t B # 20 A (L B9 208 B RAW264. 7 411 L) 300000 4~/FL %5 B R 7E 6 FLAR
BT CO M SR 24 h I, SHRIE 4200 pg/mL i) AZM@PDA NPs 25535, 24 h ), $2HURNA
PEAT qQRT-PCR IR, #6003 28 2 X TL-10 F1 TGF-B B £635 . qRT-PCR 256 w8 F A 51 4 % 41 T ¢ 1
Fi7R .

Table 1 The primer sequences used for qRT-PCR

Gene Primer sequence

IL-10 Forward 5'-ATGCTGCCTGCTCTTACTGACTG-3’
Reverse 5'-CCCAAGTAACCCTTAAAGTCCTGC-3'

TGF-B Forward 5'-CTTCAGCCTCCACAGAGAAGAACT-3'
Reverse 5'-TGTGTCCAGGCTCCAAATATAG-3'

1.2.8 R e g AN ARSI Sl T YRR R S A, TR SR
PR 4 R BRI A T . B 10 FRAKTE A 180~200 g (AR HENE Wistar K RBANLA J 2 40, 4> 5il4n 4%
X BEZH ASEIGZH . 8 50 WL HE B A 20 mg/mLL [ AZM@PDA NPs /KR 51 2 K BUF RIH 4, 24 h s
BRI AN, 4325 LIRSt S RE , 374 AZM@PDA NPs (91 N 35 . 2 85 X K LSSt 22 SR AE , % 32
BLEVE T HEE G5, 1A AZM@PDA NPs (AEIARZS I . B 50 pul Az 3HER 7K G 5 22 [ i e R BRUAY
AR H LR A .

1.2.9 AZM@PDA NPs Xt & & 7F B R A 83497 #4520 HAREE Ky 180~200 g (1) {1 Wistar K BRI
WL R 44, 29l an 44 R B XS BRZH . PDA NPs 4 . AZM@PDA NPs 0 FIBHPEXT R4 . Sesead AR anF .
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T o A S JRUGE I 7 SORR B B, R R BN, RO D88 0T B R UIF B R, B EAR N 0. 25
mm [ E5 L2 KBS = BB A i s e A, IAGEEE =B F 5 TS MIZ5 4L E , HOREA 2 mm 253122101
TERT, BrGHn N . 4 EYRBREEFLL , 5 I R B W Kk, T RUCF R4S, B2 5
M, AR RS . WG 0 T8 253697, S FARMIZA 257 a0 R (1) FITEXTIRA, 10 F 4%
ST 50 pLAEFEER 7K 5 (2) PDA NPs 41, 1) 54 J81 48 A5 50 wL ¥ BE f 20 mg/mL ) PDA NPs %5 ;
(3) AZM@PDA NPs 41, [n] 2F A4 NS 50 pL ¥ FE N 20 mg/mL 1) AZM@PDA NPs i ; (4) BHPEXT IR
2, B2 K RASEROIRIR VIRER ORI R R . 2524 4 A5 X R RS2 R4, I Eais, BT
3 BON 4% (1 22 58 H RS WP 1658 2 JE S, HEAT MicroCT, H&E Y (o G ve SR . S s o ey
Gt B —BU R LL IR 1:200, BF5 12 h; 9806 —HUFRBEELBIN 1: 100, BFF 2 h. FH DAPTYL
WO A A A T A0S, A BRI S EEA

2 GRS

2.1 GoKar BRI & SRAE

LT RERS - 5 - TR B C A A RIS T ZIF-8. B 1(A) s T ZIF-8 i TEM JB A, 2B R~
¥I— e+ T ARTE S, SFE AR 79. 6 nm. 22 P BAA S A B T 5 S A SR, REAE B
ZIF-8 Fp {1 2-H SRR | 78 F b 35 VR S5 Bt pH IVE N R ARG, TR 25 4544 () PDA NPs. PDA
NPs i L R AR 5 151 m¥g, A A F2E9 728 . LAPDA NPs /5 R 28044 G 28 bl 25 25 1 45 19 AZM@PDA
NPs [RIREARH: T has gk . B 1(B)/RH T AZM@PDA NPs [ TEM BE F-, SB35 B %20 86. 4 nm. BI85
FH(DLS) /35 AZM@PDA NPs H/K-GHi4% 4 (97. 6+5. 4) nm, zeta LK (=21, 2+3.7) mV.

Fig.1 TEM images of ZIF-8(A) and AZM @PDA NPs(B)
P2 (A) Sl AN TR) e J3E 116 B] 25 85 25 2 B0 TR I 48 -] DLW AE 6 3% . BE B 205 nm 4b A9 1 ' 8 R
P 2(B) hy Bl 4555 2% A W BE (B R BE AR e B 2k . 3R 2552560, AR 3B 7E 205 nm Ak (WG RE(E
TS R 17 AR P BT 2 2 2 VR o 0. 747 me/mL, FET T HY AZM@PDA NPs H i %5 75 2 (1)
AN 20. 2% , TS ST T 25 MARAETT . TEAHEIREE T, AZM@PDA NPs H1 R 2 L%
SR, B A BT A B 2. B 2(C) /R TR A SR B3 B R B BICR , 451, 3, 5
T R0 R 12, 6%, 26. 1%, 33. 7% F140. 7%.

50

LOF(A) —— 0.1 mg/mL 1.0 | (B) ©
0.2 mg/mL " 40+ o
08 0.3 mg/mL 0.8F 3
3 0.4 mg/mL g gg 30F
_§ 0.6 — 0.5 mg/mL 3 0.6F 5] b
= = o -
o 8 2 20
2 04 S 04+ 8
< < S ok
0.2 02k »=2.0007x—0.05224 ~
Al e R=0.997 obs
0 1 1 1 — 0 1 1 1 1 1 1 1 1 1 1 1 1 1
200 210 220 230 240 0.1 02 03 0.4 0.5 0o 1 2 3 4 5 6 7
Wavelength/nm Concentration/(mg L) Time/d

Fig. 2 UV-Vis absorption spectra of azithromycin at 0. 1—0. 5 mg/mL(A), standard curve of absorbance

versus concentration(B) and the release rate curve of azithromycin at 0, 1, 3, 5 and 7 days(C)

Chem. J. Chinese Universities, 2025, 46(1), 20240257 20240257(4/8)



L% 4 Hhwi %R

CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

-
Cu

2.2 YARESELG

K378 T AZM@PDA NPs X 1EH A L929 py#EE . al L, RIAELER 5 200 wg/mL A9, 1929

2 Jf0 1 A X A7 15 AT R 2 90%. — T T
AZM@PDA NPs HAT APy ek s 55— 7T
.18 B T BA) A 25 = A AZM@PDA NPs (1) 11 4k 4%
T, ARG, A B TRARZ Y A SR
YERL, $&TH097 T B e 2tk
& 475 H1 T AZM@PDA NPs %41 it Frdi 48 5
LKW . 5 AZM@PDA NPs 2: 3535 24 h fi7
RAW264. 7 4 it Hh i 4 A+ 1L-10 Fl TGF-B iy 3R ik
EPETE, o IL-10 193235028 FI IR ALY 2. 23
i, TGF-BHIZRIR A2 IR REZHAY 2. 32 4% . X Ui
AZM@PDA NPs HAgHi R UIs, A B T2k B v
ML M2 4R Ak, HAT HE—25 R R T T

3

&)

skokok

Relative mRNA expression

Control AZM(@PDA NPs

AZM@PDA NPs for 24 h
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Fig. 3 Relative cell viability of 1.929 cells after
incubation with different concentrations
of AZM@PDA NPs for 24 h

100

B)

Relative mRNA expression

Control AZM@PDA NPs
Fig.4 Relative gene expression of IL-10(A) and TGF-B(B) in RAW264. 7 after co-cultured with

150 200

SPSLEh, BEHTIE T AZM@PDA NPs BYFEVEFIAE WA AL . 1] 28 Jl 41 4 vh 13 45 AZM@PDA
NPs 24 h )i, % BRALANSE B P oK R 3 2 I D RESR n /s T &L 5. Al L, DAL P45 G 2 (AST) |
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Fig. 5 Major liver and renal functions indexes of the rats after the injection of AZM@PDA NPs(24 h) in

periodontology

The control group is age-matched healthy mice. (A) AST; (B) ALT; (C) ALP; (D) total protein; (E) ALB; (F) uric acid;

(G) creatinine; (H) urea.
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BN (ALT) | BRMEREFR I (ALP) . S EETT(TP) . 1K1 (ALB) | JRAR(UA) . WILEF(CREA) IR 2
(UREA) 245 Fp1 I L3225 5, UL AZM@PDA NPs A2:5 R RUITE ShRERI A1k, AP BRI .
) 2F U2 1 I AZM@PDA NPs 2 JJ5 , % BRZH IS I0 2 oK B 32 2245 1 19 H&E Yo rR T E 6.
AU, WA G RGN SRR I A M S SR IR, R R A B B B A . X i
AZM@PDA NPs 225K B 3224 5 i iidh , Akt R4T .

Control
group

Experimental
group

Lie Spleen Lungs Kidneys
Fig. 6 H&E stained major organ slices of the rats after the injection of AZM@PDA NPs(2 weeks)
in periodontology

The control group is age-matched healthy mice. Magnification times: 400 for heart, liver and kidneys; 100 for

spleen; and 200 for lungs.

TERBRF g pmt | W58 T AZM@PDA NPs 937 R0RE . Sal R FL 4 )5, KR A
H 1 MicroCT S22 UL 7, X Y H&E et R LI 8. [T REAL v, R U IR e+ B i, 2F s
THRAAG, AR S 2 2% HL W MARE [ 7(A) ], B JE L2 mT L R NI, LA Mk i it A
Wi A i A 3 [ & 8 (A) . PDA NPs I AN HAG B B B BT R BE F1, % 41 b 2 4l s W i ) e 4 o 7™
[K7(B)], FRAL P RIFAAAE KA AN 51 8(B) ]. 1 AZM@PDA NPs fHT 48 AE 1155 T 8410 |8
PR, SRS b, AR TN IR X E R e RE S K 7(C) ], ARSIk
MOBH B b, bR IE A E R (K 8(C)]. AZM@PDA NPs [KIAYTFRCR BT, JEARE] T F X Be 2l
AKE[E 7(D)FE (D) .

Fig.7 MicroCT images of the maxillae after different treatments
(A) Negative control group; (B) PDA NPs group; (C) AZM@PDA NPs group; (D) positive control group.
(A) Negativs: control ) gB) _ .P]?A"NPS sitive control

=

RN S
AN

BN

Fig. 8 H&E stained slices of the maxillae after different treatments

(A) Negative control group; (B) PDA NPs group; (C) AZM@PDA NPs group; (D) positive control group. Magnification times: 200.
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s TRRE SO YL  RE HT AR DU OR BRE FA AH b RE A OCIR F iy Rk . B9 R, &
AZM@PDA NPs Zb35 , “F 42 TNF-o FTL-18 B9 B B T . AE Ty oA AR 32 i 412 48 4 it P
T, ZHEMRIE TR EWSE R AR E IS, SRR R TR IRYT . EIREE IR,
AZM@PDA NPs X} 2 A R IRT 7RO B2, HA R0 0 AR

(A) (B)

Merged

L h

Merged

/ h

Merged

Fig. 9 Immunofluorescent stained slices of the maxillae after different treatments
(A) Negative control group; (B) PDA NPs group; (C) AZM@PDA NPs group. The scale bar is 100 pm.

3 & i

P T —Fh 7 2 BT 47 25 K A0 3R 2 T4 KR T (AZM@PDA NPs) T F R Ay . &%, Al
T IR 55 7SR A RS R B 2 B A B AE A T AE T IR A AR ) ZIF-8 5 FELL ZIF-8 A, 2
FER R R sk, R BCAL 58 s R R GIE G A T P S 450 (1) R 2 ELRE 4K k1~ (PDA NPs). PDA NPs
B HE R AL IR 151 mYg, BRI T2500 2% . #E—2 LI PDA NPs ik P43 28 2% (AZM) , il 4 T 528 p]
W E B L2 KB T (AZM@PDA NPs) , AZM@PDA NPs 1 [ 47 25 2 114 25 245 2 55 35 20. 2%.
AZM@PDA NPs X 1E % AU A SRR AR, B2 bl S RES R UET R IR RO, A7 B T H rE4n iR
B M2 TR AL, . R B R AR BTG 7, AZM@PD A NPs S 30 Y i) 47 85 2% 28 B AT ROz 1 oF R s i
W, BT SR AR, RN T RAFIIRTTRCE , I HARN AR Y2 etk R, HAT T Frn R R

Bt EMKEEYTEMEMH AR T ST EREHBRAEAMNAETARERTL THHRTS
8
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