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Preparation and in Vitro/in Vivo Evaluation of Resveratrol Loaded PLGA Nanoparticles

SHEN Junnan, YAO Wendong*(Department of Pharmacy, The First Affiliated Hospital of Zhejiang Chinese Medical
University, Hangzhou 310018, China)

ABSTRACT: OBJECTIVE To prolong the analgesic effect time of resveratrol(RES) through the loading of
poly(lactic-co-glycolic acid)(PLGA) nanoparticles to improve the ability of removing the defects of quick clearance and short
action time. METHODS PLGA@RES nanoparticles was synthesized by double emulsion solvent evaporation method, and free
drug was removed by centrifugation after loading; the shape was investigated by transmission electron microscope; laser particle
size analyzer were used to determine the particle size, Zeta potential and stability; the entrapment efficiency and drug loading
were measured by HPLC; the drug release behavior was studied by dialysis method; pharmacodynamics was studied by the acetic
acid-writhing test, the hot-plate test and the tail pain test. RESULTS The prepared PLGA@RES had uniform distribution and
no agglomeration, the mean particle size was (210.90+£1.76)nm and polymer dispersity index was 0.22+0.02, Zeta potential was
(-21.81£0.75)mV; the entrapment efficiency and drug loading were (89.62+2.52)% and (9.15+0.73)%; compared with RES, burst
release in vitro of PLGA@RES decreased and sustained release was more obviously; the results of pharmacodynamics
experiment showed that the characteristics of fast PLGA@RES effect remained unchanged, and the analgesic effect time was
significantly prolonged. CONCLUSION The PLGA@RES is a prospective drug delivery system for solving the shortcomings
of rapid clearance and short action time of RES. After sustained release, PLGA@RES can exert a lasting analgesic effect.
KEYWORDS: resveratrol; PLGA nanoparticles; sustained release; analgesia; in vitro and in vivo evaluation
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PLGA 204.23+1.41 0.21+0.03  -20.93£1.71
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Fig. 1 Transmission electron microscope images of
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Fig. 5 Analgesia results of acetic acid-writhing test in each
group(x £ s, n=6)

Compared with NS group, "P<0.01; compared with RES-50 group,
2P<0.01; compared with RES-100 group, *P<0.05; compared with
PLGA@RES-50 group,¥P<0.05, ¥P<0.01; compared with PLGA@RES-100
group, 9P<0.01.
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Fig. 6 Analgesia results of hot plate test in each group(x s,

n=0)
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Fig. 7 Analgesia results of tail pain test in each group(x * s,
n=6)

3 g

RES J&— i 2B UR T i 4 B2 FN L0 19 2 19
KAk EY, ASHAPIRER . PuE . e
oiEk, HHEBZEHRA0REEENY, RES 1]
WA Ca? VB, BT COX-2/PGE2, AMPK
5T A 2 AR A GA BN BURAE U, RES X
SRR B S A RIAE A, JF BABUR Y R R
e PR FH 1) Bl = DE AR ) B B 38 AN R o, B BT e 28
25 A PED R4S RES LA R AE, [HE
B —Fh /N 258, B0 B (AR
90 min)!'", BRI T RES MR . KL, AxifiEig]
%FﬁéWﬂéHﬂvéﬁi@iﬁ%, fifi RES AOFEARDGH A (7]
A, MIMZEK RES 8/ 7E ]

FHEE T HA A R 4, PLGA HA il #1024
YIREAT J . AR M A Bty i A A s L A
YraT Rt CafE sy sk g iz IR Z

r LA

22021 4F 1 A4S 38 B 2 1



AEOT) I LK 3 AT LB N 55 7K M 25 W (i
R, ffi RES 8% PLGA ZKRifusl)s, alLIfE
IR AR AN, PLGA 9K RLAE
ali/K AL AR AR, 7E PBS frkifemg K, H
FE AR ALtk . X T REZ T PBS g
TFAEGORB R TEIE L T 8 T4, (IS 1R IR
K, WIESEM T EFIELE, [ GRRLI R Ak
BT, WmifetAE2Y, 7 RES )5,
PLGA K 8 fiff 1 5 AR R, — 5 TfT vl g2 PR Y
B RES B2 ik PLGA HIFES#E, 55— J5 i n] g
JEP A NER RES B0 K S5 FFFAE IR, fink
THE TR AT AL, DN T 98Kk
Wi At

RES WARHENE/INFF, H%E% PLGA@RES
RONRE 2GR, SRR RS B4k, 1n
pH & 7.4 () PBS H A TR-80 VE AR Fi
S XT RES (3, MIMHEAT RSN URR % 42
MBI Z AT LU B, 25011 PLGA@RES A%
RIS, X AR T OF0KR R
(259 26 11 LA Vs s R I AR 2 B BFHE . TR 2 A
St ; @E iR, RES At EE midi g2y
Po MR, XABEALA T 2P Pk B4 %L
RITHREE, K RES Yol IMS, SaiEm
T RES fHmIEH . M7ERRUS M, PLGA 49KA4L
PEBIY RES S8 AR i, AR FHERAA
BORITHREE o GRRRL PR A 25 ) L 3845 LA TR
HTBERA PLGA GK R R MR . 53— 7 I,
YRR R R, SR LR R, R
M 20 KRR AR PR 15 0T A P 1) 25 WD R
WAE 1d W, A2 T5% 25 R BIX W )7 T #R
S5 BEAN KR R AT O, ARG 25 2t ¥ 7
PHOCBVBEOA Y v, B2 A5 25 ) A 3 A TR
J3E 5 24 W B P KR 2 T P R B A DG, DR R 2
Rl

AU B g DA rh A BRI AN A SRR A T
M RES /) PLGA 4 KR BEIRIE N . o 4s
REW, M T RES 7E 90~120 min 255 B F
K%, PLGA@RES B i 4K T VE R E] . A
2575 120 min 7, RES 415 PLGA@RES 4i#Lt,
B LGR R, HIREF N RES &R, AN
TR, 1M PLGA@RES 1335 T8 KR I ZE RE, 4
JE B R E . U IR RES 78 90 min [

T E AR 22 2021 4F 1 A4S 38 4545 2 1)

EEB RS, Haass Ik, 2
FHIRIRE, 29072851 RES BURSCR T
TR ZG, FE S 9Kk 2R R B Rt
PLGA@RES 7 12 h B3 RE & 5 K 4 H 4R 24530
25 LR, PLGA X FHRIE /N T 25 i —
il B AYEAA, PLGA X RES AEiE sz,
KRB AR T RES 29MIR NS R . B
Ve B E JE  BR i . RIE PLGA 44Kk A
RES MR RL#MA, A RES BT &Mt S %

REFERENCES

[11 LIU W J, CHEN P Y, DENG J X, et al. Resveratrol and
polydatin as modulators of Ca** mobilization in the
cardiovascular system[J]. Ann N Y Acad Sci, 2017, 1403(1):
82-91.

[2] AHMAD S F, ANSARIM A, NADEEM A, et al. Resveratrol
improves neuroimmune dysregulation through the inhibition of
neuronal toll-like receptors and COX-2 signaling in BTBR T
Itpr3/J mice[J]. Neuromolecular Med, 2018, 20(1): 133-146.

[3] ZHU J H, FAN H Q. Resveratrol ameliorates the inhibitory
effect of AP on the proliferation of C17.2 cells by
up-regulating the expression of Hsp75 protein[J]. Pharm
Today(%4 HZ42#), 2017, 27(7): 475-478, 482.

[4] HOLIAN O, WAHID S, ATTEN M J, et al. Inhibition of
gastric cancer cell proliferation by resveratrol: Role of nitric
oxide[J]. Am J Physiol Gastrointest Liver Physiol, 2002,
282(5): 809-816.

[S] PUSHPARAJ P N, MIRZA Z, KARIM 8, et al. Molecular
docking of resveratrol with known protein structures as well as
high-throughput meta-data analyses uncork the “French
Paradox” and its potential “Druggable” targets in humans[J].
BMC Genom, 2014, 15(2). Doi: 10.1186/1471-2164-15-S2-
P27.

[6] KURIAKOSE A E, PANDEY N, SHAN D Y, et al
Characterization of photoluminescent polylactone-based
nanoparticles for their applications in cardiovascular
diseases[J]. Front Bioeng Biotechnol, 2019, 7(353). Doi:
10.3389/fbioe.2019.00353.

[7] BAHADORI F, ESKANDARI Z, EBRAHIMI N, et al.
Development and optimization of a novel PLGA-Levan based
drug delivery system for curcumin, using a quality-by-design
approach[J]. Eur J Pharm Sci, 2019(138): 105037. Doi:
10.1016/j.ejps.2019.105037

[8] DING D W, ZHU Q D. Recent advances of PLGA
micro/nanoparticles for the delivery of biomacromolecular
therapeutics[J]. Mater Sci Eng C, 2018(92): 1041-1060.

[9] CRISTINA G C, LIEPPMAN B, ALICIA A R, et al

Photoreceptor preservation induced by intravitreal controlled

Chin J Mod Appl Pharm, 2021 January, Vol.38 No.2 -171 -



[10]

[12]

[13]

[14]

-172-

delivery of GDNF and GDNF/melatonin
knockout mice[J]. Mol Vis, 2018, 24(35): 733-745.
CHEW S A, ARRIAGA M A, HINOJOSA V A. Effects of

in rhodopsin

surface area to volume ratio of PLGA scaffolds with different
architectures on scaffold degradation characteristics and drug
release kinetics[J]. J Biomed Mater Res A, 2016, 104(18):
1202-1211.

OKOKON J E, ANTIA B S, UMOH E. Analgesic and
anti-inflammatory effects of ethanolic  root extract of
Hippocratea AfricanalJ]. Int J Pharmacol, 2008, 4(1): 51-55.
HUANG X T, LI X, XIE M L, et al. Resveratrol: Review on
its discovery, anti-leukemia effects and pharmacokinetics[J].
Chem Biol Interactions, 2019(306): 29-38.

HAN Y, JIANG C, TANG J, et al. Resveratrol reduces
morphine tolerance by inhibiting microglial activation via
AMPK signalling[J]. Eur J Pain, 2014, 18(10): 1458-1470.

YE Y, FANG F, LI Y. Dimerization of resveratrol induced by
red light and its synergistic analgesic effects with cobra
neurotoxin[J]. Photochem Photobiol, 2014. Doi:10.1111/php.12262.

Chin J Mod Appl Pharm, 2021 January, Vol.38 No.2

[15]

[16]

[17]

[18]

DOU T Y, WANG J, HAN C K, et al. Cellular uptake and
transport characteristics of chitosan modified nanoparticles in
Caco-2 cell monolayers[J]. Int J Biol Macromol, 2019,
138(21): 791-799.

BOSSA F, ANNESE V, VALVANO M R, et al. Erythrocytes-
mediated delivery of dexamethasone 21-phosphate in steroid-

dependent ulcerative colitis: a randomized, double-blind sham-

controlled study[J]. Inflamm Bowel Dis, 2013, 19(9):
1872-1879.
FONTE P, SOARES S, COSTA A, et al. Effect of

cryoprotectants on the porosity and stability of insulin-loaded
PLGA nanoparticles after freeze-drying[J]. Biomatter, 2012,
2(4): 329-339.
SWIDER E, MAHARJAN S, HOUKES K, et al. Forster
resonance energy transfer-based stability assessment of PLGA
nanoparticles in vitro and in vivo[J]. ACS Appl Bio Mater,
2019, 2(3): 1131-1140.
ks Hi91: 2019-12-28
CR3Coi4: 25

[ B R 245 2021 4 1 J145 38 4845 2 14



