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Abstract: Objective To prepare a novel type of spanlastics encapsulated with resveratrol, aiming to increase the retention time of the
drug in front of the comnea for ocular drug delivery in the treatment of glaucoma. Methods [-Cyclodextrin-chitosan-modified
resveratrol spanlastics (B-CD-CS-Res-SPs) were prepared by ethanol injection. The encapsulation efficiency and drug loading were
measured by HPLC, and the formulation characterization was carried out using particle size analysis, infrared spectra analysis and
differential scanning calorimetry. Its efficacy and safety were comprehensively evaluated through in vitro release, irritation, cellular
uptake and in vivo pharmacokinetics. Results The results showed that the morphology of f-CD-CS-Res-SPs was round, the average
particle size was (301.40 +2.57) nm, the PDI was 0.265 + 0.010, the { potential was (33.50 = 0.72) mV, and the encapsulation efficiency
and drug loading were respectively (92.78 + 2.81)% and (2.37 + 0.12)%. The in vitro release results indicated that B-CD-CS-Res-SPs
released more slowly than the resveratrol solution and had a certain sustained-release effect. Irritation and cell biology studies have
shown that it is safe and non-irritating, non-toxic to cells and capable of entering the cell nucleus to function. Pharmacokinetic studies
have shown that -CD-CS-Res-SPs can prolong ocular retention and improve bioavailability. Compared with the resveratrol solution,

the bioavailability is increased by 2.71 times. Conclusion The prepared B-CD-CS-Res-SPs have a high encapsulation efficiency,
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appropriate particle size and C potential. It is a safe, non-irritating and sustained-release nano-drug delivery system, which can prolong

the retention time of drugs in front of the cornea and thus improve bioavailability.

Key words: p-cyclodextrin; chitosan; surface modification; spanlastics; resveratrol; glaucoma; in vitro release; irritant; cell uptake;

pharmacokinetics; sustained release
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CS, PuhitsAEMRHAR AR HiE (Aiga),
HlR (A, &5 %-6. DMEM }575%. a2k
. RECCHRE (RED ARAR; HETR
M (DMSO), JbZEERHARAT; P B
(RhB) %W, 10 mmol/L (LL DMSO N&EFHD, I
MR R T AR R AR AR AR
FE4iifi & (ARPE-19), it F B AR A
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AT RERAF.

1.3 )
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B sh ) S 56 35 48 R A R 25 K S s e B
i AL, ftifES TCM-LAEC2020062.

2 FAEEHR
2.1 B-CD-CS-Res-SPs B &

KH OBEENTER % . BUEE Span 60 1 3.55
mg AR ARETERNTKOEY, NE
Bt . BUEREER LR 80 Tk, AukMl. H
1, Span 60-% 1L %45 80 tLfFlly 8 1 2, BARE &

HEPEFRS RN 120 mg, HHUFH-KFEEEIY 18
8. K/AKAHE FIEERN 60 ‘C. ¥ K 800 r/min ]
WGP FERS T, FESZE LA 1 mL/min (AR E
GABENEHAE, BHEAEVIERTEER. 5
AT KIS, BB AR REYIK T (Res-
SPs). &M FAPER, A AR RS S E Ak
Fif, RIZEE SPs. FRIEHI LK) Res-SPs 3Z3 N
A B-CD-CS ¥ (B-CD-CS NALT &1 0.1%) H,
& 1h, RI433]B-CD-CS-Res-SPs.
2.2 B-CD-CS-Res-SPs B RMFLAENE X
E0fEv
221 @ik @i Diamonsil Cis (2) (250
mmX4.6 mm, 5 pm); sl A HEE-0.2% H R /K i
W (450 55); RPN 325 nm; ABUREN 1
mL/min; FEiE M 30 C; HEFEEA 10 pL.
222 XHRBEERHIE KRS ERRER 1.01 mg (1
2P 0 BRI B B E = RER 10 mL &
o AR, AEERR, BRIAEE TR
MR SRV, A
223 AKMERFREL RO SR, HH
it A PR A7) o R B 6 B (203,004 101,50 50.75
25.38. 12.69. 6.34. 3.17 ug/mL) ) [ 215 BEVEW,
BT “2.2.17 WUR G KA EATINE, B HARE
M2k, LIOGT IR B S OB AL bR (XD, W AA
PAbr (Y, HATERMERIAIE, 1508 BAnE
il 28 (5109 5 FE A Y=67.225 X+95.430, R2=0.999 8,
SE LR AR P AR R IR 3.17~203.00 pg/mL
KMERRRY, WA EESITER,
224 BEFMEAEAME I 1.0 mL B-CD-
CS-Res-SPs @R ANIE S/ HFEREAINE] 10 mL &
A, AL 30 min FEAEIFES, A 022 pm
AL DB e JE AT IE, T E & &
Tk, K B-CD-CS-Res-SPs J R T HEJEE N, 5
W E N 10000 r/min, 042N 10em, B0
10 min, 7€ JEHBH A EE, BIELK (D
(2, HHEAEEMEYAE.
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2.3 B-CD-CS-Res-SPs BI3=1E
2.3.1 GEFMBGRERMNWE AR “2.27 TR
15 5E B-CD-CS-Res-SPs it J5+ 5 il 24 /40 51 A
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(92.78+2.81) %Fl (2.37+0.12) % (n=3).
2.3.2 TEM W% ¥ B-CD-CS-Res-SPs FiE4li/K
Pk, IOE S 2 SR a L, R AT,
K TEM MEYPREAMTESIE. &R
1 fi7n, B-CD-CS-Res-SPs % Ay [ 5 (1 ZEHLIR
2.3.3 KAl ¢ BAZIMIE 44 B-CD-CS-Res-SPs
FBAKFRR G, BRI SOEAT I E . 4558
W 2 fras, Hkife N (301.40+2.57) nm, PDI A
0.265+0.010 F1 ¢ HLA7 2y (33.5040.72) mV.

100 nm

1 B-CD-CS-Res-SPs §J TEM
Fig.1 TEM image of f-CD-CS-Res-SPs
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B
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[ 2 B-CD-CS-Res-SPs HUFi{2 (A) FACEAL (B) 777 E
Fig. 2 Particle size (A) and ¢ potential (B) distribution of
B-CD-CS-Res-SPs

234 fH B AR 2T AR OG3E (Fourier transform
infrared spectrum, FT-IR) 7347 1% Res-SPs [FJ4b77
Lo, ASHRPRE B R R SR, TR Rt
R, HIRHEIREY). 1% “2.17 Jrikf& A
H SPs. Res-SPs #ll B-CD-CS-Res-SPs, FfH& 4T
BB A BR8Pk 2 B RL 24
H 2 SRR Y EIRG Y. S H SPs T
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TP B IRAL R AR AT ey Ab B CRE S -IRALET 1

150), i FT-IR Rl alre (20RO Bis, 3
N 4000~400cm ™. BEFEERAE 3 Prox. @
Lt 5 FhLrAGiEE, R AR I a5 BRI R
FUOBEAE 975 em ™ AT 1 ANIRBEFIRRAE R USC I, T
TEZY) SR R A, ARRAEIR IS I SR
FEAE, Ui 2595 35 SR A BVR &4 R T HL 1
2N, RAEZPRE. 112 SPs. Res-SPs.
B-CD-CS-Res-SPs 7F 975 cm ! &b FH TCHFAE R LU ,
BAAMRBOGIEREAATF, B2 T 9N
K,

---------

T
980860

2 OIOO 1 OlOO
viem™

a- AR EEIERZ; b- AR R EORG S R RO B 5 s o

4 SPs; d-Res-SPs; e-B-CD-CS-Res-SPs; [ 4 [,

a-resveratrol bulk drug; b-physical mixture of resveratrol bulk drug

and excipients; c-blank SPs; d-Res-SPs; e-pf-CD-CS-Res-SPs; same as

figure 4.

T T
4000 3 000

E3 &H2H FTIRE
Fig.3 FT-IR spectra of various samples

235  Z o A HE E AL (differential scanning
calorimetry, DSC) 73t HU“2.3.4” T &% ANFE i,
F 25 R B E R0 B, B INFAGE %N 10 °C/min,
IR EFHTE A 30~350 C, 0 BIRHEAT 04T .
SERWE 4 Frow, AR EORZ ) DSC g E
A LHAE 270.45 "CAHIEI 1 AN 22 7 B 1A W g
FH SPs RTHH, HIRARUEH IR 57.64 Chb;
VIEIRA Y IAEAE FR bR P RFAE R FEE s Res-
SPs ¥ T-#3F1 B-CD-CS-Res-SPs o1, H: &3 b 77
FEFIFRFAE R R0, T TC25 P B, SR 244
B TYRIEN .
2.4 B-CD-CS-Res-SPs HI{AINEIFAZT

1B NRIEW pH H AN 6.5~7.6, RWIRMESR
ik, PBS (pH 6.8) 1R FH il 77 RIS 5
WAL, O TSGR AR TR AR, AR AT IR U
fit b, F PBS W PN 2% 5 124G 80 AR {-IR
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Fig. 4 DSC analysis diagram of various samples
A IS TR B, 1P 2% 5 1114 ES 80-PBS (pH
6.8 VAR E NI T, i B E TR 5T B-CD-
CS-Res-SPs (IIRINEEZG451E o 733 H5 2 B 4.0 mL
S R EE 250 L AE P BRI Res-SPs I B-
CD-CS-Res-SPs {E R E BT AR, Kt i H&E M
STIAE, IFETE SOmL BT, B
TR 72D CHRMERIRG & Lo 700 TANF
I IA)RCHBORE 1 mL, RIS R0 A5 UL (R A AR R R T A
iio FEMIERIT 0.22 pm FUFLUENEL, H2ME “2.2.17
TN S R E . AKX () M 4) it
HEIR) BRBIRE (0 FMRBBEHEE (F).

On=CaVo+X 2 CVi (3

F=0u/Co 4
On FERFANIN 0] s ) BARVBETRCRE, F 25 I 1) ) R BRI
H, Co NEE n ARFER R LRI EZGYIBURIREE, Vo NI
A B, Vi BRI, C o8 i S HURE I T £

ST 25T IR IE,  Co A M 25T IR P

DLSRAFERS TR AR A AR (X0, FAE RAALFR (V)
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3.27) %, TEMCHA] B2 R YIER R YR 8h
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W 2 DR 2 M U6 375 1T 8 P b 1 2 7 ik i 2 S
WX, BEEFTREGBORI, T A 2R SO T
SN IR B ZEAR /N, VB PR IR RE U 328 /)N o Res-
SPs. B-CD-CS-Res-SPs H [ 22 P [ (B AUAERT 2 h
NGV, 29 55%HIZ5WIR0RE, 3 h 5
FREL B RN . S5 2P AL, B-CD-CS-
Res-SPs [FIREUH ] R ARLE, UL 259K 52
BREEEAZREN.

PR AN T 285 5 L3R 1, @it L R2 18, Res-
SPs H B BE IR TR & Weibull £ . 3-CD-CS-
Res-SPs 1 [ 22 1 BE [RRE A & First-Order 157,

100 1
80 1
S 60 1
=
401
B —— FRER
20 1 —o— Res-SPs
—4— B-CD-CS-Res-SPs
01
0 4 8 12
t/h

5 TREIHFIFBERAERNEIMNERER
Fig. 5 In vitro release results of resveratrol in different

preparations

1 Res-SPs 1 p-CD-CS-Res-SPs th B2 B EE AR SN HAE BY
Table 1 In vitro release models of resveratrol from Res-SPs and p-CD-CS-Res-SP

R Res-SPs B-CD-CS-Res-SPs
EHr Y=0.048 3 t+0.356 4, R2=0.768 0 Y=0.047 1403009, R2=0.783 6
—Mr Y=0.756 6 (1—e¢0-78167), R2=(.9759 Y=0.695 8 (1—e 070411, R2=0.978 3
Weibull Inln[1/(1—¥)]=0.452 7 Inr—0.544 8, R*=0.9958  Inln[1/(1—Y)]=0.466 2 Int—0.756 9, R2=0.968 7
Higuchi Y=02123 240.181 4, R2=0.887 1 Y=0.204 4 /240.1353, R2=0.9187

Ritger-Peppas Y=0.451 8 238, R2=0.978 5

Y=0.385 12882, R2=(.963 2

2.5 ZHRESEE

251 “fdtE  ARPE-19 ZIHU/EARIN 10%06 4 1
& (fetal bovine serum, FBS) HJ DMEM X535
T37 C. 5%CO; FH;iFR. KH] CCK-8 Xf ARPE-19
MATEN AR P BE VS WL . Res-SPs Fll B-CD-CS-Res-

SPs MRS . 4R et 96 FLAR (1X10%
AL, BFE 240, RSEIMANFFEKRE 0.5,
1.0~ 5.0, 10.0 ug/mL) HIFERIAR, W E 12h. &5
R 2 frs, HEZEFEREKREZET 10.0
ug/mL [, Res-SPs il B-CD-CS-Res-SPs 4 (114t



F8 B 20255108 $56% B 198  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 19 « 6963 «

®2 TREAZET ARPE-19 HBRFERMFM (Xts,n=3)
Table 2 Effect of different administration groups on viability of ARPE-19 cells (X +s,n=3)

. AT IE R/ %
0.5 ug'mL™! 1.0 pg'mL™! 5.0 pg'mL™! 10.0 pg'mL™!
Xof HRL 100.00+2.62 100.00+2.62 100.00=2.62 100.00+=2.62
SE- oy 114.174+9.27 107.354+10.17 105.09+7.45 105.42+5.00
Res-SPs 103354227 105.83+1.59 98.07+3.08 72.50+1.68"
B-CD-CS-Res-SPs 99.38+3.30 103.00+4.52 11130223 85.57+1.77"

55X AL P<0.05.
“P<0.05 vs control group.

&SI RN 73%F1 86%, AHMLIE /)RR 2%
P BRI EAE 0.5~5.0 pg/mL I, %240 fd 7y
BIFE 98% A b, WA uYE ) Jo B s, T F T4
P SE 5
2,52 YHMOEREL FIEC2.1 750 R )45 9%, B RhB
LR 22 7 B ] & bR 4K 327, B RhB-
SPs il RhB-B-CD-CS-SPs. #4iffl5 RhB ¥
R@SH*M&BBUHE&%%§2m}ﬂHB%
VR 3 IR, KRR IR 4% % 5 g
.EQEHE’& 1 pg/mLDAPI 4yt [H e BRGNS H] 5 id
SRYNMIIERS . B KRN, AL o8 e s
N T BRI B A0 B, RSO B
TSN HIRE S . A 6 FIZR 3 ATLLE Y, RhB-SPs

RhB

RhB-B-CD-
CS-SPs

A1 RhB-B-CD-CS-SPs # 4l £5 1, 15t B3 2454 ] LLidE
ik 2 PR BT 3k N\ 2 B A% K ¥4 H - RhB-SPs Al RhB-p-
CD-CS-SPs FIHEH 5372 RhB ¥ 1.22 1 5.97
% (P<0.01).
2.6 m%ﬂ%ﬁﬁﬁ
SrAAE 3 H S R4 R B-CD-CS-Res-
sm,EﬁﬁkiﬂﬁmWﬁWﬁN%oﬁ%%%4
W, BRRIAING 4h, #E4ES5d. AEEBHEHTSAR
WR MG, AL AME. MBS 5 A,
h%ﬁ@mlmﬁ4%#ﬁ$%%ﬁ¢ XF &2 IR
HAHAT A IEY) TR AKE L (HE) 34, St
TS T RS ARG . IR ECA AR
MBI . A FEIRSHLUREY a7

500 um - -
N - -

DAPI Merge

E 6 ARPE-19 4BfI%} Res-SPs #1 p-CD-CS-Res-SPs BIIREVIE L
Fig. 6 Uptake of Res-SPs and p-CD-CS-Res-SPs by ARPE-19 cells
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%3 RhB. RhB-SPs F1 RhB-p-CD-CS-SPs tHHIZ IR E
(Xxts,n=5)
Table 3 Fluorescence intensities of RhB, RhB-SPs and
RhB-B-CD-CS-SPs groups (X £ s, n=15)

285 WL
RhB 7441+£532
RhB-SPs 9064+218

RhB-B-CD-CS-SPs 4439442 674"

5 RB A HLE: *P<0.01.
**P <0.01 vs RhB group.
A

100 pm

AEEEER K B-CD-CS-Res-SPs
A-FfE; B-HLRE; C-Z50; D-mi/5 .

A-cornea; B-iris; C-conjunctiva; D-anterior chamber angle.

7 REAARET A

Fig. 7 Pathological sections of ocular tissues

JJfi7n. B-CD-CS-Res-SPs £H -5 %} {20 Lh e 6 B I 4%
KE SN, FATE b R R TE e, AR LB SR AR Bl 2 2
B WAL T RMMK: 2505 NHLME E
W, TEYEEAB L AT A RIENT, TR
g5 RN, T B, RS T p-
CD-CS-Res-SPs [ %41

2.7 HRHEBRINERR

2701 SMERRFL L2217 DR Ak &4,
JEVASE Al =R EN Gl i i S Ll Y R
B 1 pgmL AR EERER . 2 A AR K BC ) AN [R5
EIWRERERN AR RN R, REH
Schirmer’s JE4RA MWK i1z IETR G, LRI
A L5mL BB, IR SN E A EER TR
OV TIN5 o R i, VAT, I
B, ke 0.1~10.0 pg/mL f)— &5 &k
JEE ) 2 TR AT . TR BE 5 min, B AR
30 min, 15000 r/min &0 (0242 10 cm) 20 min,
HPLC vEME, 1338 A K S8 i 27 REbn ik
Mg, IHHEAHEERIATERN Y=64.976 X—
1.361 4, r=0.999 3, °]WLEAZMSEELE 0.1~10.0
ng/mL 10 R RUT .

2.7.2 Schirmer’s iR4%i%E  KsLiR N 3 4,
3 1, RS A R SRR R 25 AR ) B
AV . Res-SPs VA B-CD-CS-Res-SPs ¥ %
NGRS, TR 20 s. ERVER KR F
5] B T8 Schirmer’s 257N FHRHG, RAEIHR
FEA . 10 EURE AT JE H R 3G E AR L, R0
WINEEE B EURE G B Schirmer’s 25N L& 4,
TN SR I 5. B0 )5, I HPLC Wlse LiEw
25 E e, FIRAR (5) HHEIHR I Z59)H
IR

Co=CXVoXp/Am (5)

Co BT 25 IHG TR BR B, C 9 R RE S 1R 2457
R, Vo AN EERIRRL, p JIEWHE (1 g/ml),
Am HFREEIBWRT G Schirmer’s &R B2L (ma—mi)

I 3 &2 W TRV R 250 R B IR FE S SR N T R
k&R, RBENEWRMZ )% 8 Fion. 1E 15
min B, FE P EEARA T AR R RN
6.00 pg/mL, Res-SPs 21411 B-CD-CS-Res-SPs 271 [
PR EIRFE Y AN 11,73, 14.14 pg/mL, 35
T AR EE WAL 7£ 4h I}, B-CD-CS-Res-SPs 4
ViReders —E MZY R EIREE, T E 22 i
JUTARE AR 259 ) SR B

T2 5h %5 B3R 4.B-CD-CS-Res-SPs H1 [
RN np AERFEERRAR 412 5 (P<
0.05), AUCo-fH =& F 2P EEIF R 2.71 % (P<
0.01), MRTo-fH & F 227 B R ALIK 4.44 15 (P<
0.01); Res-SPs ZH FHZ P EEH] AUCo-ofH A2 HZE
PRI 1.71 /% (P<<0.05). HILA] I, B-CD-
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Fig. 8 Tear pharmacokinetic results of resveratrol after

ocular instillation (X £ s, n = 3)

=4

CS (BN ] 535 A K 25 W) LE TR () i B B T
M $ s AR R R
3 g

IR AT — B — N E KRBk, R
HRFBAFIE Z TSNS FIERAS BRI, 15 254Xk Apl
EENRIT NI RA 22 HRTIR A 2 1) 2
IRz —, BEERGE. Lol SRS A,
BRERA 2T, s e, MBsEmE %,
B CERRE, @R R A AR S%IZPRE S
I N K23, AR AR . Sps & —Fh
BAVEGOR I, R IR BN, TEIR
FHA 2GR B B R

20K i) 751 R AZ R LA A2 s LA B AR

HIRGHEARAEHARAGHNFESH (X£s5,n=3)

Table 4 Tear pharmacokinetic parameters of resveratrol after ocular instillation (X £ s,n=3)

2% Fp H 2 B Res-SPs B-CD-CS-Res-SPs
Cmax pug-mL™! 34.73+1.21 34.29+3.41 38.64+1.42
fmax min 5.00+0.00 5.00+0.00 5.00+0.00
tin min 110.29+12.49 317.40154.00 453.914196.30"
MRTo- min 59.65+0.66 100.20%£2.66™ 176.51+4.21™
MRTo-» min 128.80+17.27 376.63+69.33 571.254+214.76"
AUCo~¢ pg-mL-min 894.95+30.84 1201.17£69.22™ 1904.95+27.24™
AUCo-o pg-mL-min 1170.75+87.71 1998.044138.45" 3172.70+643.17"

H5HRZEFRERE: "P<0.05 "P<0.01.
"P<0.05 *"P<0.01 vs resveratrol solution.

VIR E . dEM IS RS H . KAt /NAT
Ae B O T B, T ) 2 B s O,
FLR A 50~400 nm [FJRIAEIE FH T IR #5254, PDI
RMTERARY) — M HEESH, PDI /TGRS
TR/ NI, — AR PDI<<0.3123, CHY
fr E s R e AR e v, B S, Rk
() L R 00, mT AR IR ROk SR 4, 4 i A7
FoE t,  HA 1E WA (4K il 77 B 5 47 e R 4
M EE A, I ZE K B B[] 1260, ASHIF 7 i) 45 1) B-
CD-CS-Res-SPs Fift K/NEIE . A5, FKiw
TEHLAaT,  RES NS P G B IS (]

A AR T oI TR A 2B 9 T 3 4 v AR A R
B HERAA AT AR TIIANE . S TR “IRAE R
117, AHEFELL 2% 1L A48 80-PBS ¥ (pH 6.8)
VERBERA T RSP R, HIFIH L 259
IR LURE TR, Ui P 9K BV 0 s FH el
HAEA—EMEBERM . A, A2 4
#E R IR, Res-SPs fll B-CD-CS-Res-SPs K& 44
BA—F, HEW B-CD-CS FfEH1E FH 520 Res-SPs

IR, i =38 ST DR Res-SPs H1 1 22/ 7
IR & Weibull 528, 35 B RE24 1 72 49 Sy iR
WL ISR 2 AN BL, A XU BN T RIERT,
1Ml B-CD-CS-Res-SPs H1 [ 22 7 B R TR & — 25
JIFAERY, RO ZE BE I )3 o8, A7 Bl Tk
THEA HFEA 2R R 528,

i I 255 A 58 B-CD-CS-Res-SPs 78 JH it
BB IRI R A, AT DA 245 47 M) ) o R T st
FB NN AT et . 258 Ea R ER, AFEH
MRTo-f1 AUCo-fEAH L, B-CD-CS-Res-SPs>Res-
SPs> R BEI, Ui B 9K ) RE % 18 K 2454
TE A BRI A9 R AT T, AT i v AR PN 2R 0 R P B
Res-SPs 1 B-CD-CS-Res-SPs A=4FI F & () 2 7t
A LAE H B-CD-CS A&/ 1 4 K 11l 77 76 £ JEE T F
B BT [R) BE G, AR LR R AT e A LA R LS B-CD-CS
JETRHESFARL, AUKIRRAT A LR, RS
FA B TH ) 7 PR AT AR 45, T A8 K R % it B 1)
) SEERMEEAT R, AT LA BLE A 6 1 1T o>
TS IE N BT TA) s GRS R R A R
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