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Abstract

MRSA (methicillin-resistant Staphylococcus aureus) has become one of the major sources of hospit-
al-acquired infections due to the powerful infectivity. Vancomycin, the preferred drug, has been over-
used, inducing that the vancomycin resistant strains were constantly discovered in recent years, which
made the MRSA treatment more difficult. Curcumin (Cur), a natural antiseptic, displays prominent ad-
vantages in fighting against antibiotic resistance. However, its broad clinical applicability and effec-
tiveness are limited by aqueous insolubility, low systemic bioavailability, and instability. Nanoparticles
(NPs) are efficient carriers to improve the aqueous solubility, bioavailability, the drug circulation time
in the blood, and the risk of side effects of curcumin. In this work, we synthesized amphiphilic copoly-
mers (PET-CI) by ring-opening polymerization; NPs were then prepared via emulsion-solvent evapo-
ration method. Meanwhile, particle size, Zeta potential, entrapment efficiency (EE) and drug-loading
(DL) content of Cur nanoparticles were measured. In in vitro release study, Cur PET-CI nanoparticles
were stable, and it showed obvious sustained release characteristics in vitro. In addition, Cur PET-Cl
nanoparticles displayed a persistent bacteriostatic effect. These results indicate that the study on Cur
PET-Cl nanoparticles can provide theoretical basis for expanding medicinal range, enriching the the-
rapeutic pathway and improving the antibacterial activity mechanism research.
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1. 5|18

Tt FF 42 6 PR 4 3 €278 %) BR 1 (MLethicillin Resistant Staphylococcus aureus, MRSA)S& —Fit AT G .
B 05 RORBRABE TR SRR B . MRSA AIE RSP, GREBER, HICMHM%S, B,
FEJRAZH AU, IR G O P 48 557 B A T BB 1], R IMIK T ARG KA G 245 J5 i i W,
MIBURE2], T RN, ARG EE, KEREEMEFEEE3], ARG
TAZENE KRB B S PSRN iU 2V bE S R AR, DL TE IR IRIG ST b S BT 254
FAEAG R, T FEL MRSA X % Bl 18 254 BT 24 PEOR 8™ 5. 45 5 CiRgeit, 2010 AR
MRSA )G S AE BT 800 B Ge 1 LL ) 44% 40 [4], FE R a R ek RSt Rt E e T
AIDS FEURGIIHRILE[S]. BAEXS T MRSA BRI IRIGTT FE LT ER S RIEZM A E, F—
S [H SR X B NI R BB F T AT vR T, Herh 5 B R AR I B A0 AR B 0 %1 BRTE (MRSA)
(R PR 17 35 245400 T e R P T i R P PR 4 2 6038 6 BR BRI (MRS A) VR I [6] 0 HL T 7 85 3R A7 AE DA R i
1) JAdE#ER)ZIERM A, MRSA X758 28 M BUS BRI 2) 0l & R EMA ik 2ia
ST FT s 29D, ToiiR T IMERIEG,,  H Al A fe 5 HAl BT R 2B RIA 2RI BOR (7] 3) T E RN
L IERE SR AR, FEE A K MRSA BT (8] LK, HE DLEFER BRI /0. 4) T EREAE
(8],
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WEHRRBAT ZAEER, SRIERC, 52T S0 iz s AT E . MR HEE R
PuE, Priadl, PUEY), PUNKRIEEIGNEE, Bk, Brerdeth, B 10] [11] [12]577 A R LT
ZGEAE . BT HAE KM 2. AR, DIRAER R, RIS T Btk RN AR
ELBRPEIRES T 5 B R AE B IE I £, 23 R A0 IR A A BRI R [13]0 PRI, 2236 308 il 77 B B 72
BECGE Z I R IAME, IRE TR AR . 9R I EAE S — i nT 525 B 2 R K AR R FE B R
AL, AT REAE ARG RS B EHE ™, I HFRE MRSA J&I7 BIHT 7 1A«

AHIF 5K TP ER B & 1077 28 B S 5 R (PET-CLWE A Kb A ARl A 3 7045 2 1 4
LR PET-CL 40Kk, FHXGPKRif 2, #25&E. Kift, PDI A TRAE. [FBJFRZE % PET-CL
YRR LI FLAN T MRSA I FCR AT 78, DA 22 38 3 B 8 25 AN (080 H A 25 R BB 7

2. SCIGERSY
2.1. PET-CL BO$I& R HRIE

FEEME 279.2 mg R PUEEINANE] 50 mL = L5, FHRBAEREEL 12.78 mL e- L A ES AT 120 uL f#
T F R IMA B, 2 JE R ML i O A LR 272 %, PRI OERE N2
(S ER LK BRI R RLHEAT ORY, BEATREJ P HE, 76 Ny ORI FAE 140°C i 1 B 72 he

SN AL BAR B R AR =R, TSR Tt aE W EASHRAR, A 50 mL SR A
SRR . RS PRI R R e A1 HGZ T N E 400 mL (UK 2Bk, SRIngS HUR A T —40°C (VKA
NHHMTHE | he HhIE, WEEIEDE, B, RSP, A S0 mL S R E R, BN
TR KA P & e 2B NS 400 mL VK EEF, JCE T—40°CHRIVKAR+ 2 h, g, 5
HEEA, E T B TERA N T 24 h, 5374 PET-CL. &L 1 fin. Fiigr=maashe
PE(IR) R R A (T H-NMR) RUAE I 1538 (085 (GPC)iEAT AT .

2.2. EHE PET-CL KRR & R ERAE

BRI 8 mg ZH & E T 10 mL A S, H A E B 48 H o T RT RS S AR EEA AR 16 mg
PET-CL J#{ & T 10 mL &0 . BT R FFREL 100 mg JH#E VO 4-188 B T 100 mL &4, JehnidE &
UK I BT BRIV U188 SE VMR, B, &

FRBE R | ml 23 R AR BN SIS PET-CL MEHOE OB, RHEME SR, &

<o
o

H
X

0

0
OH OH o o d
. FRRILY)
n i 140 C
HO OH

&K /E
>4

Figure 1. The synthetic route of PET-CL
& 1. PET-CL &Rk B4k
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Ao B— 1 100 mL HETZ R, IR AR R 20 ml VRS VD 8-188 JEWUINA 100 mL £, HidE. H—H
1 mL PTCTEVES &, ORIV, BTN RIS YOI 188 WA, e R HERE 2 h, 2
JETRONFL R FIRAR A fl B A /N, 5 3B 223 RPURIE BN 50 mL #R B0 E Y, 7R 4CRIFATT
6000 r/min &0 30 min. FHHCEIHEBUCE AR RIIR O EOE Y, HBOGHKRARN & G 5E K {2 1 PDI.

BLEE ARG R I | AL 25V R B A 2 AE A P i &

1) % % (Encapsulation Efficiency, EE)

M — 7 BRI, K HLAE 15,000 r/min (OFE0CT mid &0 30 min, YR B A6
JGREETE Il s SRR T S B E RS, SRR R PE. BT A s,

EE% = (W1 —W2)/W1 * 100

Wi: RS Eme), W2: LiERT S48 Eme).

2) # 24 & (Drug Loading, DL)

T H— & B GKRLVE W, FHAE 15,000 r/min FIAEEC T SE B0 30 min, WUERTTIEND, A4RT1%:
WERERTHA, DEENIEWERE, WSO RTNE, REPKPEEREE,
F AT o~ &

DL% = W3/W4 * 100

W3: HTMARBENZAYE E(mg): W4: TR KT & (mg).

2.3. ERE PET-CL KRR FIMNERETR

FEEMEL 10.0 mg 23R T 100 mL FEIEH, FEHWEIEZ, FEKEN 100 ug/mL 125 2 A4 i
WL RIS 43 R BUAS AR RN ) 22 S R AT 10 mL BT, ABANFER, Bkl RikE
4 0.06 ug/mL, 0.08 ug/mL, 0.1 ug/mL, 0.4 ug/mL, 0.6 ug/mL, 0.8 ug/mL, 1 ug/mL, 2 ug/mL, 4 ug/mL,
6 ug/mL FIAS R L6 B PR AETR R o FH 8 A0 6 6 B V1M W 6 P 22l b v R 2%

B DA I IR 4 & 14,000 FE T IRE A 280K 0%, A ENT SRR S mL £ E
PR IERN 100 mL B, 76 37°C, 100 r/min (94038 ¥ 3540 AT R ARk . S Fh 3%
EOKIERNE 3 A FATRE, 25T 12hs 24h. 36h, 48h. 60h. 72h. 96 h. 120 h BUFE 4 mL, [A]
A AN INEE S GHTEE N BT, AR DA A FONGTER, 7E 420 nm AR e HRORRE, 5 H RAURR 25 R I 2
AR AR TR 2 o
2.4. ZERZEMAKROTEEMENR

#6000 r/min 550 BT 3R 1FA22 3 R AUKRIEM) B E T 50 mL 82 10 208 hBb & EH R, —
S AR AR 2 30 72 Fo PDI FRiAR, FFid s
2.5. EHE PET-CL QKRB AHNEM R
2.5.1. BiEE&

B2 B E BOE IR AL 2 /NI, BRER 4~5 AN B VR Hoe N TR B A TS (LB 9 MH Wig e, 37°C
TR IR ARG FE 6 ho HMLERTTHEOR AT 50, F MH PR B A3 B R B2 209 1 % 10° CFU/mL 1 B ¥ -
2.5.2. {ESMIDEIRLE

PR 4% R 2016 4F 3 [ 11 PR S50 AR vEZS 51 45 NCCLS/CLIS [RFRAE[ 14155 9% MRSA . £E855 9% ML rh 43 1) 422

A1 x 10° CFU 1mL i MRSA B #h 0.1 mL, FBUE & ) 7 2% 1 £ 1 10 25 35 I U 4R 28 38 4K KL 0.1 mL
BAT TR IR, R DI i A G IR IR B 9%, 48 h S B4 5, WS H5TA i 74 i AR K
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DL 5 T B I O I 1 K 9 BT R, DATE B A R AR KA N EAPERTHR . AN SLIe M 3 AN FAT. EEEA
0.5 mL DMSO ¥ fi#, HARIRHREFRBAT LEFRE, BRI MH K5 373,

3. &R 57He
3.1. PET-CL BYFRAE

PET-CL [#] FT-IR i1/ 2 frm. HBLLE 2945 cm™' Al 2866 cm™ HIAE 5 5% B ) 42 -CH, o0 4 B Fr W%
W, 1726 cm™ KR N-C=0 BEBRIEMIHLEIRS), 1242em ™ Al 1187cm ™ %R C-O RIS, F &-
CABERAE T HHRES . 1108 cm™ 1961 ecm™ KIfE 5 WX PET-CL "H1-OCH,CH, A BtIIH R3] .

PET-CL ] "H-NMR &40 3 Fros, @idxt it b g o 547 b2 A0k VA & o0 b FeAi Ta] bAadk—
WHE LA YIIER . 4.08 ppm AL 3.67 ppm Kb U453 il 5o 7 55 7K 1k B 38 F P B Fr BORISE 7K
25 1 DY % A B O P R LR AE R & . 1.41 ppm, 1.61 ppm A1 2.33 ppm Ak F#)I& 53 5% N F--CH,-CH,CHj
OCOCH,-CH,-CH,-CH,-CH,-fll OCO-CH,-(CH,); iX =N ¥ 045 Ky (K30 FE 3 R T AL 220 88 o ARFE AL 2247
FEIIHEIR 25 SR v] A T 45 A 5 b & i) SR B W 45 1 5 SRR E 1) — 5.

PET-CL i) GPC 73 #rtnl% 4 ffizs, PET-CL fm S0 AR B, HES) 7 1 59 (Mn) 13,889, HIY
ST EMW)N 16,243, K7 8EEN 117, XREHTERIURES o O A B R A TSGR ) s R H
SFESMEAS, FE B ER .

3.2. R R PET-CL #RNAITRIE
L HE PET-CL KR RAELE W | frs, 233 PET-CL 40Kk B A % 1) PDI A3 %£(0.101
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Figure 2. FT-IR spectra of PET-CL
[ 2. PET-CL B9 FT-IR &%
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Figure 3. "H-NMR spectra of PET-CL
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Figure 4. GPC spectra of PET-CL
[& 4. PET-CL B9 GPC 1&[&
Table 1. The characterization of Cur-PET-NPs
= 1. EEE PET-CL AKhiS i RAE
itz PDI Sk woE
PET-CL gk ki
182.3 0.101 96.96% 491%
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H196.96%), RHGIKKEA RIFHIFENE, FHARIT 25 A RN B 72 1 A2 e AT .
3.3. EEHE PET-CL ZpR a9 &SN 53
3.3.1. {RSNEERUARAE R 2R
FIFERAM 3 Y6 BETHAE 420 nm A0 e AN [F) 3R P 1 22 3 R A AR HEVA VR, JF DAIREE C MARAR, Mok
FE A YA FRZHIbrAE RN ZE, S EHEN A = 0.1643C + 0.0074 (R* = 0.9997), ME IR ELIEXRR,
w5 prs.
3.3.2. {RSNEERUARAE TSR
H 6 AIA PET-CL Z 3 RYPUKRIAMTE 120 h WRERIE S 35% A 41, BBUa AR 2R 5
GERERIREYE, 72 h B SR AR EOL R A I BRI E, EAEE I RIXE YUK 24 h NINBEEC A
PUL BN T 20%, Ut 2 L BT R] SRR TR, R 2GR B S B
0.7
0.6
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=
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Figure 5. Standard curve in vitro release
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Figure 6. PET-CL curves in vitro release
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3.4. ERBEPRAAIFRE MR

M1 2 AT 3R PET-CL QKR L BE ' A7 T BUN A5 FORE RS L 2 A2/, PDI A2
AR, Eaik kA, £ 7 RENEGIEE, ARSI T 25 s ARk S 48T
LR PET-CL KKIHRIAR S PDI (BN AAGRIRN, WHNZARRL T AR S KA R, BA—EK
FasEE.

3.5. E8BE PET-CL SRR EMSR

%30 R 4 P EIREMRIEBNE TR PURMIR MRSA BABSF M E M . MEILALEI, =
PIAFARK . 37°CREEFR 24 /D e, LB I RARIN R ZAE 0.1 g/mL; 2SR AN A S AR TR IR S
FARE RIS — e X TT R AUR KA IR JI B R K.

Table 2. Stability of Cur-PET-NPs
F 2. EW|E PET-CL KRR E M

Fr5 I A] R PDI
0d 173.7 0.078

: 7d 170.2 0.072
0d 182.3 0.101

2 7d 179.4 0.098
0d 186.9 0.093

} 7d 182.3 0.088

Table 3. Curcumin Anti-MRSA in vitro (37°C, 24 h)
= 3. ZRRMIMIEG7CLEFE 24 h)

2 i MRSA
FTEK 0200 mg/mL _
F % 0.100 mg/mL _
#35& 0.050 mg/mL +
#35% 0.010 mg/mL et
o % HE R
BRI B .

Table 4. Anti-MRSA of Curcumin-PET-CI Nanoparticle in vitro (37°C, 24 h)
I+ 4. ER/E PET-CL KK IAIMINE (37 CHEFF 24 h)

2yl MRSA
ZTE PET-CI 99K Rk 0.200 mg/mL —
ZTE PET-CI 99K HRifk 0.050 mg/mL —
Z P PET-CI K Rifk 0.010 mg/mL —

Z P PET-CI K Rifk 0.005 mg/mL o
3 4 %sf B +4++++
FH 6} R +

DOI: 10.12677/hjcet.2018.83020 172 =AW EESES N


https://doi.org/10.12677/hjcet.2018.83020

7K ik

e
48

4. g

KK AR RS KT A K PET-CL &R Y)(Mn: 13,889, PDI: 117/ N8 R4 KRk . A
FHE R % 223 R PET-CL 90Kk, HAEFEZR, &, Fift. PDI 7N 96.96%. 4.91%. 182.3 nm
F10.101. £H K PET-CL GRRAASNRERI: 7F 120 h FORBN I N A RIS, BRBBERL N
35%. [FIf, PET-CL 9UKRLAMEA RIFHIFae . oM SEI6 4 5 5K 32 38 3R 32 38 R 9ok
MRSA EA— & MG AR KR 220 R KRB A — i R S 1E

HE&mHE
A TAEASEIE K ERFHER S (No. 21376223)Fl Tk i RHE S /ET H (No. 2015D10008) I By, Hr a1 .
SEHk

[1] REM, BEEF, BE/NTR, S5 )L B GLit B 4 G PR 4 BR BRI 24 14 23 AT [0]. TLI5REE 24, 2015(21): 2541-2543.

[2]1 /%, FRIR, xpEe, & EIRERE 2005~2013 SE70 %) BR B A0 IS /0 A0 S R A PE AR B AR HE SR [0]. [l A 3 =
22k, 2015(19): 2828-2830.

[3] IR, SIHEHD, PN, SF. T H AU PE MR S B R R AT BRI I BUR AL 2R T 4t sud R D). E 20, 2013, 16(3):
441-444.

[4] Gould, .M., Reilly, J., Bunyan, D., et al. (2010) Costs of Health Care Associated Methicillin-Resistant Staphylococcus
aureus and Its Control. Clinical Microbiology & Infection, 16, 1721-1728.
https://doi.org/10.1111/1.1469-0691.2010.03365.x

[5S1 Klevens, R.M., Morrison, M.A., Nadle, J., et al. (2007) Invasive Methicillin-Resistant Staphylococcus aureus Infec-
tions in the United States. Journal of the American Medical Association, 298, 1763-1771.
https://doi.org/10.1001/jama.298.15.1763

[6] Schmitz, G.R. (2011) How Do You Treat an Abscess in the Era of Increased Community-Associated Methicil-
lin-Resistant Staphylococcus aureus (MRSA)? Journal of Emergency Medicine, 41, 276.
https://doi.org/10.1016/j.jemermed.2011.01.027

[71 Jung, Y.J., Koh, Y., Hong, S.B., ef al. (2010) Effect of Vancomycin plus Rifampicin in the Treatment of Nosocomial
Methicillin-Resistant Staphylococcus aureus Pneumonia. Critical Care Medicine, 38, 175.
https://doi.org/10.1097/CCM.0b013e3181b9%ecea

[8] Welte, T. and Pletz, M.W. (2010) Antimicrobial Treatment of Nosocomial Meticillin-Resistant Staphylococcus aureus
(MRSA) Pneumonia: Current and Future Options. International Journal of Antimicrobial Agents, 36, 391-400.
https://doi.org/10.1016/j.ijantimicag.2010.06.045

[9T Song, W., Qiao, X., Liang, W.F., ef al. (2015) Efficient Separation of Curcumin, Demethoxycurcumin, and Bisdeme-
thoxycurcumin from Turmeric Using Supercritical Fluid Chromatography: From Analytical to Preparative Scale.
Journal of Separation Science, 38, 3450-3453. https://doi.org/10.1002/jssc.201500686

[10] Taverna, S., Giallombardo, M., Pucci, M., et al. (2015) Curcumin Inhibits in vitro and in vivo Chronic Myelogenous
Leukemia Cells Growth: A Possible Role for Exosomal Disposal of miR-21. Oncotarget, 6, 21918.
https://doi.org/10.18632/oncotarget.4204

[11] Kaur, H., Patro, 1., Tikoo, K., et al. (2015) Curcumin Attenuates Inflammatory Response and Cognitive Deficits in
Experimental Model of Chronic Epilepsy. Neurochemistry International, 89, 40-50.
https://doi.org/10.1016/j.neuint.2015.07.009

[12] Tk, 240, ME. 2R FRMGEEHSERAE R R HEZ)5, 2015(13): 1850-1853.

[13] Yallapu, M., Jaggi, M. and Chauhan, S.C. (2012) Curcumin Nanoformulations: A Future Nanomedicine for Cancer.
Drug Discovery Today, 17, 71-80. https://doi.org/10.1016/j.drudis.2011.09.009

[14] NCCLS/CLIS. (2016) Performance Standards for Antimicrobial Susceptibility Testing. 26th Edition.

DOI: 10.12677/hjcet.2018.83020 173 L TRESHAR


https://doi.org/10.12677/hjcet.2018.83020
https://doi.org/10.1111/j.1469-0691.2010.03365.x
https://doi.org/10.1001/jama.298.15.1763
https://doi.org/10.1016/j.jemermed.2011.01.027
https://doi.org/10.1097/CCM.0b013e3181b9ecea
https://doi.org/10.1016/j.ijantimicag.2010.06.045
https://doi.org/10.1002/jssc.201500686
https://doi.org/10.18632/oncotarget.4204
https://doi.org/10.1016/j.neuint.2015.07.009
https://doi.org/10.1016/j.drudis.2011.09.009

KRR R BB R 7 2\
1. ¥TFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

N FIRHESERE: [ISSN], FAMIT] ISSN: 2161-8844, RIF[E i
2. FTFFENIE TR http://cnki.net/

ZEm) “HE BRSCHEREZE” BEN, BIANSCERAE, BIA i
hEE S http://www.hanspub.org/Submission.aspx
BATIMB4E: hjcet@hanspub.org

Hans Xl


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjcet@hanspub.org

	Study on the Anti-Methicillin-Resistant Staphylococcus aureus by Curcumin Nanometer Dosing System
	Abstract
	Keywords
	姜黄素纳米给药系统抗耐甲氧西林金黄色葡萄球菌的活性研究
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. PET-CL的制备及其表征
	2.2. 姜黄素PET-CL纳米粒的制备及其表征
	2.3. 姜黄素PET-CL纳米粒的体外释放研究
	2.4. 姜黄素纳米粒的稳定性测试
	2.5. 姜黄素PET-CL纳米粒的抑菌研究
	2.5.1. 菌液制备
	2.5.2. 体外抑菌试验


	3. 结果与讨论
	3.1. PET-CL的表征
	3.2. 姜黄素PET-CL纳米粒的表征
	3.3. 姜黄素PET-CL纳米粒的体外释放研究
	3.3.1. 体外释放标准曲线
	3.3.2. 体外释放标准曲线

	3.4. 姜黄素纳米粒的稳定性测试
	3.5. 姜黄素PET-CL纳米粒的抑菌研究

	4. 结论
	基金项目
	参考文献

