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Preparation and in vitro evaluation of lactobionic acid modified polyamide-amine
dendrimer grafted resveratrol nanoparticles
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Abstract: Objective To prepare resveratrol (Res) nanoparticles grafted with polyamide-amine dendrimer (PAMAM) modified by
lactose acid (LA) and evaluate them in vitro. Methods After partial carboxylation of G3.0 PAMAM terminal (PAMAM-COOQOH)
which synthesized by divergence method. Res was bonded through esterification reaction and LA was grafted on the surface of the
carrier through amidation reaction. Nuclear magnetic resonance (*H-NMR) and infrared spectroscopy (IR) were used for characterization.
La-PAMAM-Res/Res nanoparticles were prepared by physical encapsulation using LA-PAMAM-Res and Res, and the encapsulation
rate was detected by dialysis method. The drug load of the two kinds of nanoparticles was detected by high performance liquid
chromatography (HPLC), the particle size was investigated by laser particle size analysis method, the drug release performance in vitro
was determined by dialysis method, and the biosafety was evaluated by hemolytic experiment. The cytotoxicity and anticancer activity
of PAMAM, PAMAM-COOH, Res, LA-PAMAM-Res and LA-PAMAM-Res/Res were investigated by MTT assay. Results LA-
PAMAM-Res and La-PAMAM-Res/Res nanoparticles were prepared. The encapsulation rate of LA-PAMAM-Res/Res was (75.1 +
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2.2) %, the drug loading rates of LA-PAMAM-Res and LA-PAMAM-Res/Res were (7.2 +0.9) % and (18.4 £1.1) %, respectively. The
particle size was (126.3 +3.4) nm and (251.0 +15.7) nm, respectively. After 72 h, the drug release in vitro was (23.83 +0.43)% and
(35.28 +0.72)%, respectively. The hemolysis rate of both nanoparticles was less than 5%, and the carrier PAMAM-COOH showed less
cytotoxicity than PAMAM, and both LA-PAMAM-Res and LA-PAMAM-Res/Res maintained anti-tumor proliferative activity.
Conclusion LA-PAMAM-Res and LA-PAMAM-Res/Res nanoparticles with sustained drug release, good biocompatibility, low

cytotoxicity and anticancer activity were prepared, and LA-PAMAM-Res/Res increased the drug load of Res.

Key words: polyamido-amine dendrimer; resveratrol; drug loading; in vitro release; cytotoxicity; lactobionic acid; in vitro evaluation;

hemolysis; biosafety; cytotoxicity; anticancer activity; proliferative activity; sustained release

3 (resveratrol, Res) Al & M gL H
FEHUH R — P RR Z TR EY),  BIEY W B A%
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D RABERER . B0, WEERER, NS
(AR B MIXT 2> 7 & 50000 H/KiENT 48 h, KiE
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Fig. 1 Synthesis process of LA-PAMAM-Res
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Fig. 2 Infrared spectrum of G3.0 PAMAM (A), PAMAM-
COOH (B), PAMAM:-Res (C) and LA-PAMAM-Res (D)
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Fig. 3 H-NMR spectrum of G3.0 PAMAM (A), PAMAM-
COOH (B), PAMAM-Res (C) and LA-PAMAM-Res (D)
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Fig. 4 HPLC of blank (A), resveratrol reference substance
(B) and test samples (C)
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HY—5E & ) LA-PAMAM-Res & 24 Res, 43 BV
T DMSO 1, ¥ Res ¥ iZ % Il LA-PAMAM-Res
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Table 2 Particle size and distribution of carrier and
nanoparticles (X £s,n=3)
FE Fifznm PDI
G3.0 PAMAM 32+ 01 0.309+0.010
LA-PAMAM-Res 126.3+ 34 0.283+0.004
LA-PAMAM-Res/Res 251.4+15.7 0.295+0.007
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WoRToE . HABEERKMRE, 45 2%21 20 B =l -
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film . & 3 AN EIREE (0.5 0.3, 0.1 mg/mL),
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Fig. 5 Release profile of resveratrol from resveratrol
prodrug dendrimer LA-PAMAM-Res and LA-PAMAM-
Res/Res invitro(X+s,n=23)

F 045 pm M SLIEEE JEL . G3.0 PAMAM .,
LA-PAMAM-Res il LA-PAMAM-Res/Res AFE 32
WA, AEFERACHBA XS L, XK A BH X
Ho KFEm D ME THEEFRE N, MASFEER 2%
MM IR, RG2S, BT 37 CKIGHI
B lho 4R)E, BOEE LG, MR 540
nm & EOGEE (A 8, #ATHEFEZE (HR).
Hi 45 (% 3T %1, LA-PAMAM-Res. LA- PAMAM-
Res/Res HoKMIRLAE S A 0T &R B Iy ¥ Ifr 36
%1/NF 5%, H LA-PAMAM-Res 1 LA-PAMAM-Res/
Res 44K 2507 L2 #K T G3.0 PAMAM.
HR=(A1—Ao)/(A2—Ao)
Ao JBRATERT HRAEOERE, A NSEIGZHMEIERE, Az PR XT
HE LW i
27 YRS MSLRKRER
K H MTT 743 311 % %2 G3.0 PAMAM . PAMAM-
£3 HESHKRBRMNAENR (n=23)
Table 3 Hemolysis rate of carrier and nanoparticles (n = 3)

FF i FREWRE (mgmL™Y) VA IL2/%
AEFER K — 0
G3.0 PAMAM 0.1 2.5
0.3 4.1
0.5 5.6
LA-PAMAM-Res 0.1 0.3
0.3 0.7
0.5 1.5
LA-PAMAM-Res/Res 0.1 0.1
0.3 0.6
0.5 1.2
K — 100.0
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(1] AB49 4HijfI LA 6 X 103 AN/FLEFFT 96 FLik ., 7E
37 C. 5% CO M5 i & 24 h Ja 7 L8597, H
AN DEME 5787 (% 2%IM7E ) FikEr 5.
10, 20. 30. 40. 50 pg/mL #f&. Res M &izik/¥
Res (9K Bk, 4541 100 pL, SEANFRERERE
4 NEF0, Hin DMEM £:3:50 (& 2%IME) 4
MUAERBIPEXT IR, 4k8E35 9% 24 h Z ] 7 L5900,
H PBS & ¥E 2 Ik, FFFLFEIMIA 5 mg/mL MTT 7
k2255 F 30 min, W2 MTT k5, I\ DMSO #%
IR E], FHBEARXAE 490 nm A& A 1, R
I SIS A AT IR 2 A BT S0 A TE R

SR (B 6. 7) KRB, AR S48 K ORI 2
BRI RIR AR OCHE . YR EIRAE LS| 50 pg/mL
i, PAMAM- COOH (89.98+3.24) %I¥ 47k
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Fig. 6 Cell survival rate of G3.0 PAMAM and PAMAM-
COOH (Xts,n=5)
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Fig. 7 Cell survival rate of Res, LA-PAMAM-Res and
LA-PAMAM-Res/Res (X +s,n=5)

T G3.0 PAMAM [f) (58.75+4.18) %, LA-
PAMAM-Res [#] (63.76+4.11) %F1 LA-PAMAM-
Res/Res ] (59.68+2.06) %, 4K ik it 4 f 417
HIRMLT Res (55.46+3.98) %, {HABEAHIE
TETE.

3 g
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G3.0 PAMAM 5T ZEHZ e 1 - 12 ¥ i &= Lok
1T R, il 453 2K v 2 2k 3 2 R LA ) PAMAM-
COOH #ifk, FARML NS Res. Bz M
BEH LA #14 LA-PAMAM-Res 49Kk, ¥ LA-
PAMAM-Res ¥J¥ % Res % LA-PAMAM-Res/
Res #KPiki. A3 LA-PAMAM-Res/Res tt LA-
PAMAM-Res (J#Z E&EH B ARIER, X5 PAMAM
HMEREES Res, PEBER/KZS[A10%L Res AH—%L, A
9N Res # 2yt 7 K.

Res MV T 7K, AT DMSO. EElR L BG5S
HUA TN, AR A2 IR SR, R T SOl A A A 1y
B, — Mk pH 7.4 FIBEER 222 bl AE s A
J%, {H Res TSR EEARIK, SEMA 254 M REHORES
M, AS2E63%E 2 5% DMSO [ PBS 158N A
AR = Res HIVAARIE . KB LA-PAMAM-Res Al
LA-PAMAM-Res/Res ¥ N B, X 50285
() Res TESSRRMEIRIE N AR AT R BIA 58, SCHRTR
THIES R S RIRT 2, (R X BRI 0 e 4h
B AL R iR B 5 AK R RE S R KR 2yl it
— PR SEE IEAEREAT

G3.0 PAMAM RKMfEERNEZE I, HARKY
PaE e, EL R 40 A 2 1 40 ke L T gk 22
AS2I % G3.0 PAMAM A i @ JE AT #0816, Kk
LRSS T BOIR AW A B AR e 1 0 B B
DR 38 A 1 R O 2 2 PRI G3.0 PAMAM 4 55
PEAT BE N H N A $R 458 0 2% . LA-PAMAM-Res
FT LA-PAMAM-Res/Res 14 i 6 14 [ = 1) Res
WA TR, TR T BE 7 A o e R 24t e e T A A
PR RENS e KR, 2, ASZIG Ihfil 4 1
LA- PAMAM-Res Il LA-PAMAM-Res/Res £k Fiki
HAEEHAT TR, H LA NS08 i 75—
ARSI oat o8
S 3Hk
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