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Preparation and in vitro study of polyamide-amine dendrimer-loaded resveratrol
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Abstract: Objective The resveratrol nanocarrier complex (Res-PAMAM-Ac) was encapsulated by polyamide-amine dendrimer, its
stability and safety was investigated. Methods The blank carriers were synthesized by the divergence method and acetylated.
Characterization of the nanocarriers was investigated by "H-NMR and IR. The properties of carriers were investigated by particle size
and zeta potential. Res-PAMAM-Ac was prepared by reverse-phase evaporation method, and the drug loading, encapsulation rate and
stability were examined by HPLC. The cytotoxicity of nanocarriers and complex on human lung cancer A549 cells were investigated
by MTT method. The biosafety of nanocarriers and complex was inspected by hemolysis test. Results Res-PAMAM-Ac nanocarrier
complex was synthesized successfully. The particle size of Res-PAMAM-Ac was (167.30 £ 21.70) nm, PDI was 0.115 + 0.006 and the
zeta potential was (19.27 £ 0.35) mV. The average drug loading of Res-PAMAM-Ac was (76.99 £ 1.30) mg/g and the encapsulation rate
was (29.63 + 2.7)%. The stability parameter (Ke) was less than 0.15, no obvious drug precipitation was observed. Cytotoxicity tests
showed that Res-PAMAM-Ac was less toxic to human lung cancer A549 cells when the concentration was below 30 pg/mL. The
hemolysis rate of the nanocarriers and complex was less than 5%, which can be considered as biosafety. Conclusion
Res-PAMAM-Ac nanocarrier complex with uniform particle size, high stability, good drug loading and low toxicity was prepared.
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DAAE A B S TS I0FRI RO MR 25 ) J5URE, - B R
NGB Z JG P — AR 241 . AR K
P, Res R I 115 AH G 7 B0 s R4 i) I Jed 4
1R 2B 5L, Res HA4 A2 I 245 B1LIE 14 2 S
W TR 32 0, 1H Res 2 IRIETEZGY, KiE
PEZE, BRIRMPEATR, BEEALLFASREISRIA BUATT
WP, SUMAZERUN K E. TR K% Res 25
PrfE, 075 BEyRAh H B

H AT 70 £ 2N Res /40K R 40, WnlE AR
JRAIAKRLT T FERFIIHIRE A Ew &7, X
SR 580 e 3 I SR R T A Res (194 Y A= 40
FOEE A0 AR oy AR U1 G019 B o o RO K - i
(polyamido-amine, PAMAM) R A7+~ —Fp A
LA BT RGN IR G T &Y, BA m EERFR
To G i 1 S R AT (M AP AR RS B, s
fis A EOR H R B2 e —P A I
H, PAMAM C&¥ iz N2 T, FEA,
FEYUR 250 SRR AR . RS WK, 9K
ARG LIRIE 2% . H T PAMAM S ECAPT
e LR, PURBEADT AR 2 MEAMA, BT
PAMAM 259k Z2 40 1A R UF MR ft k. 4%
Zigi s KT DA S 4 M 1 A S 2 A A0,
ARSI K R BUE A R 4.0 /8 PAMAM K41 #idk
ML, FFREAT S WAk o P I A 78 R VI A%
PAMAM-Ac L # Res ¥ B # 25 R 40 Res-
PAMAM-Ac. HEHILAFHE. BRACYE BRI 20 i B¢
P, DAL R Res ITAIT AR
1 R
1.1 Y5

RE-52AA BNt 75 45, il W oR A4 4%
J”; HWCL-3 ZYER#E /1 HA . SHB-3 BUEFRK
NETE, AMNEWTHARAF; Agilent 1260-
API500 B 5 ROmiAE 4, 6 B 2418 A A s FTIR-
8400s BUZLAMEHEAY, HA Shimadzu A F]; FEZF
Hr BSA224S Wiz —H TR, EEZEZ R
AF]; ZEN3690 B BOGRIEE /3 A, S E RS
A]; Kinetex Cig (0354, ELEFEF1A7]; FDU M
B, HAR LSk US4k ZD-85 UfE
BAIBIRG A, WM REAEEHIE R IR AR Bbs
1%, [E Bio-Rad A #]; 0.22 um FFLIEMRE, 55 E 3§
R RBHE A A
1.2 ZAm5i

LM (EDA)D, U CRHA 223G A TR A

Al MR FEE (MAD, (8 PH AL AR A 2
H; LREF (Ac), REERKMALEE ; =40
(TEA), b ERBEHLARAR; Res JFEIZ,
i AL TR AR A, #it5 B1807119, i
IHL99%; —HEIAK (DMSO), KETEH R K IE
KAt =R ) s W, RRAR, RETE AR
RIEFEMIL ¥R A DMEM R 9:3E, £HE
Mediatech A 75 3-(4,5-— H L MEME-2)-2 5- — 2R FL P
MR E (MTT). 100% KiGFE 4= M35 0.25% %
HAM. ANE AS49 4 e b EE TR S 251
IO FE RO SD OKER, mARdLEE TR SE
o, WFRTHES SCXK (51) 2014-0004.
2 HESHER
2.1 PAMAM HIE&R 54t

PAMAM VA Z Rz, HoRum) 2 MEEES
N I R HR I AT A v R N R ORE il % 0.5 AR
PAMAM, 2 JG5H5 4 &t AT BERE b s BT RoR
IONEIER 1.0 £ PAMAM, RESHTU BB E
1% 4.0 FRHTFLF B PAMAM, 723K 76.4% . PAMAM
G4.0 G G RE LB 1. BRARAERI AR B 20—
P I 1% F i £ 520 PAMAM & R 52 360k, s
I 25 SR J SR R R e ZE AR 1 7 U e e . e it s
J& B BT =t — b g, R T iEE
(75K IE 2 N B AR 20 F i 6 000 FIE BT L%
o, R B2 KIENT 24 h, K= W0k U 0.22
um FALIEME I S AR T, 31405 PAMAM
G4.0, 723K 70.7%.
2.2 PAMAM-Ac HEFMRHHIE 544

FREX 1.00 g PAMAM G4.0 ¥ T 100 mL Jo/K
B, AN 0.5 mL =%, 85. FHL03 mL 4%
FiFA1 60 mL JE/K FH VR AT fa B T 1E R
FE AR FIRER, ERHFEE R . PAMAM-Ac
G4.0 A G FE LI 20 J 45 3R ek s 25 TR 25
HE, 3k B AR 2 TR EN 6 000 HIENTESIE
¥r 24 h J5 135 PAMAM-Ac G4.0 ZiA8 k]
2.3 PAMAM-Ac G4.0 H K RIB9RAE
2.3.1 BHEILIREE (CH-NMR) &l 455 DA
MARE; (CDCL) N, % PAMAM G4.0 #l
PAMAM-Ac G4.0 #£47 "TH-NMR 43#1. 4558 (F 3)
78 PAMAM G4.0 7F 6 1.932 4b7E(E s 1§, WA
-RNH L/ H W g; 6 3.219~3.254 4bF -NH-
CHo-f] H Wi, 6 2.702~2.777 kb %0, i8]
H=NCH,CH,-f" Iitl& . 5 PAMAM G4.0 /] 'H-
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Fig. 1 Synthesis process of PAMAM G4.0
(NH, ), (N, ), NMR #{tt, PAMAM-Ac G4.0 7£ 6 1.866 4L T s
o} . -
6 A0 RPN g, HOYMERE$E-CO-NH-f) H i Ué, PAMAM-Ac
NH—C—CH; ),
MeOH ’ G4.0 7E 6 2.870 K45 B 2 (1) 2Lk 3 -CO-CH; MR iU

2 PAMAM-Ac G4.0 & RS HE
Fig. 2 Synthesis process of PAMAM-Ac G4.0
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Fig. 3 'H-NMR spectrum of PAMAM G 4.0 (A) and
PAMAM-Ac G 4.0 (B)

232 LLAMGIEARIN KR SR AN R A
% PAMAM G4.0 A1 PAMAM-Ac G4.0 #E47#4E, 45
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Fig. 4 Infrared spectrum of PAMAM G 4.0 (A) and
PAMAM-Ac G 4.0 (B)
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X FRAR AR IR B0 FH A FRAR 4 4R 30 R R AR i Uee s 7E
1 645.50 cm™ £l 1 558.25 cm™' H{ l-CO-NH-[{J4F1E
M Wi U

233 “PRIRIE. Zeta HANIBE LR 73 HIFREL
0.20 mg PAMAM G4.0 1 PAMAM-Ac G4.0 # {44t
BHET 1 mL HEE, FIH SR SCEOGKLEE 3 T AXAE
25 C FEEMKIAR AN Zeta AL, 73 PAMAM G4.0
B|ARK IR A (8.00+1.30) nm, PDI 4 0.119+
0.031, Zeta 470 (1.19£0.40) mV; PAMAM-Ac
G4.0 RN FRI4E A (8.07£0.71) nm, PDI K
0.12140.010, Zeta {75 (—6.06+1.84) mV.
2.4 Res-PAMAM-Ac 895 & R F=4EF

2.4.1 Res-PAMAM-Ac [1iill#%  FRHL PAMAM-Ac
G4.01.00 g BT 10 mL B.0EH, H 10 mL HEER
SURRIE, TR 1.00 g G &) Res, 7E25 CTF,
TEIRIRY 72 he RMAF IR 10 mL 47K, 54
ARBRZANA, BIE T KR EMSAE T KT
Res #EATHIIE > &, WA R TG A Res-
PAMAM-Ac E &Y.

242 @i @i R Diamonsil Cis (250 mm X
4.6mm, 5.0 um); F:3E 30 C; WM ZIE-KIEH
(HRFAEE N 30 2 70); AR & 1 mL/min; 254l
P 306 nm; BFEFEE 10 uL; KRS E] 15 min. Res
{REH B TR] 8.2~9.5 min.

243 KMEXRRFEE L Res FRIZGE T FRAN
PR BN 0.5 mg/mL K&, BEUE R TR
R R S 45 B B MR 40 58 250,004 125.00. 62.50.
31.25 pg/mL 1] Res CHIEEIARO X R o B &V
Fo & JREBIRFERESS 1 mL, 22 0.22 pm ffLIE AR g
JE 1% “2.4.17 DU S A B T = OB i AR,
TESRUETAR (YD, 1530C T Wi AR T SR FE I 2
PEBA T RE Y="73 248 X+238.46, *=0.999 3. Res
FEREIRE N 10~250 pg/mL B 504 A2 1 55 £
[ER/I8

244 Jiik¥#%E % B Res-PAMAM-Ac G4.0 Fl
Res J5URNZ, A RERVRACH] AL 300.04 150.0 50.0
pg/mL g H A% 3 PR EIKEE, R &R AE
O TEAAE R R N AR BB R B & 5 15 31 H AR
WL HELRNE 5d, fFHEREE . R HANAH
/8] RSD {H 735N 7.84%. 5.99%- 8.55%H!1 3.99%.
5.71%-+ 9.35% (n=5), HL Res-PAMAM-Ac G4.0
Al Res JRARZ), HAKECHI L 305 25, 20 pg/mL
MEs L R 3 MREWRE, 25 CHEIEIRY 72 h,

LW URTEEGRKE R E S, 2 J5id 0.22 pm 4
FLUERE R “2.4.27 WEAGELPRR, WA E. . K
JRERE IR RN (92.67+£1.60) %. (98.36+
4.44) %, (99.75£531) % (n=3), HHW. HIal
5 P T IRl A R 303 JE S IR K
245 FWAEMNE RAFEREENES S
MR, H—EEMEEYHTEVER, BER
SR, T “2.4.27 WA, HEI SR
HAEEWH YRR, HmitEEAgE.
WGE=w/m>
Wi RE ST Res U, W WEGYITE
2.4.6 MDY EZG B B PAMAM-Ac
G4.0 F F B AR B 1) 5 B9 FE N 5 mg/mL (1) 8 A3
i, BIMIN 100 mg Res JFk[ZG, BT 25 ClEES
WIRG #H, FERE 9 h B 1 RS i AN SE R4l
K WAHZERBR AN, IR IE A AT %
JEIIAN 1 mL SR, @A G “2427 Tt
ARSI, A EENE S H, ERANEHTE.
%z “2457 AXUHEGYEE, SR R D SR
PAMAM G4.0 7 63 h JG 8 2 & 1Z W& TP

®1 HHBMENAENER (X £s,n=75)

Table 1 Drug loading varies with reaction time (X s, n=5)

SR IEl/R 3R R (mgg ™) | R [E/h #0245 E/ (mg-g™")
9 1.61+2.79 45 67.00%£3.07
18 25.24+2.84 54 74.49+1.83
27 46.97£2.63 63 76.21%£2.77
36 48.53+2.82 72 76.91%£2.57

2.4.7 pHAEX &N H PAMAM-Ac G4.0
FH PR AR T 1) 53 9K FE A 1 mg/mL Y 5 A
tHT PAMAM-Ac i &%A K&E-NHy, il pH &
10, FrCle R EhRR 15 &4 pHAE 2 5. 6. 7.
8. 9, FAHIIIA 50 mg Res FRIZ4, BT 25 C
MRS B IR ZET, 72 h JEEUH DSR2 atik,
AR R EAVAE, HuERIE R R T E I
1 mL HEESE I, B 54 “2.4.27 TS R,
SPATIE S H, ARRANENETRE, 1iE “2.4.5”7
WnA R E. SRWE2 s, FHERgE
EE] (76.99+£1.30) mg/g (n=5).,

2.4.8 Res-PAMAM-Ac “FHIKi1% . Zeta HALKG I A
25 TR Res-PAMAM-Ac /KA 10 mg/mL, A
7 20 min, A SR SCRARRIACR I, 73 Res-
PAMAM-Ac “F-¥%ii2 N (167.30+21.70) nm, PDI
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*2 pHENHABWMEE (X £s,n=5)
Table 2 Effect of pH values on drug loading (X £s, n=15)

pHMH  #ZE/(mgg) | pHE  #HZE/(mggh)
5 51.12%2.15 8 70.96+2.10
6 56.96£1.72 9 58.17%2.15
7 76.99+£1.30

4 0.115£0.006, Zeta H1f7y (19.2740.35) mV.
& RATAL, S CBAGFI 2B, Uk R
249 BEZFTNE LSRR  RHBETENE K
32, B Res-PAMAM-Ac, FHRERS Eh 22 0Pk
(PBS) VA fABCH i SR A 1 mg/mL i, HX
2 mL &R REEUE JG BT AR AR T R EN
6 000 [FiEHTLS, FH7E 400 mL (1] PBS Hi&#r, 24 h
JE BT IR B, 1% “2.4.27 TEIG AR
EEZ SR, HAXES Res-PAMAM-Ac i}
FHy (29.63+£2.70) % (n=5).

LR = (Wo— W)/ Wo
Wo NZW) ST, Wi NS S &
2.5 YHRESMESCIE

P T il 98 40 i 5 O R AN i 6 - 7 1 i A
JERUN, B DA SEEG R N AS49 4Hi, FER A
MTT ) 5% % PAMAM. PAMAM-Ac % [ #4k
H1 Res-PAMAM-Ac 7 28400 N it A549 4 1)
YHAREEE. BONEUCE KM A fiE AS49 4HAELL 6 X
10> ANALEFPT 96 FLERH, 7 37 C. 5% CO2 #i5%
HEE 24 h 53 KR DRI E 2% Ii5 1)
DEME };#3EH/5FE ) PAMAM. PAMAM-Ac % H
AR QREEMRIAN 0.005. 0.01. 0.1, 1. 10. 20
umol/L) IF1 Res-PAMAM-Ac & 24 # A (k&
YN 1. 104 304 50, 100, 200 ug/mL), &£L 100
ul, BAMRERE 4 MR, JnAZifr DMEM
BRI BT IR . k4ERE3% 24 h, F R AR
7R, F PBS iE¥E 2 )G, LI 5 mg/mL MTT
RANHEE 30 min, AW MTT {5, TOA
DMSO R GES), HEEFRAE 490 nm ALHllsE
RALIWOGLEE (4) fH, FFMRHESCIR A A 4
BRI E T EAM AR, SR ESE 3 IR, H4S
(£ 3. DA A, PAMAM 7 HEAATEWR E N 1 pmol/L
N 441 B 1 B /N LA PRI A VR FE RIS
YU BRI WG 5R, (HEE 20 pmol/L MIZEMET, 4
HAFIE RARAREEE 100%, R ABHLH 2 A 8k

#3 PAMAM G4.0. PAMAM-Ac G4.0 % Atz A549 4H
RSN (X £s,n=3)

Table 3 Viabilities of A549 cells after being treated with
PAMAM G4.0 and PAMAM-Ac G4.0 (X £s,n=3)

A HLAFE 5%
W B/ (umol-L™)
PAMAM G4.0 PAMAM-Ac G4.0
0.005 91.71%2.14 99.50£0.88
0.01 93.13+1.49 99.23£0.68
0.1 93.10%+1.76 98.91£1.71
1 97.74+2.44 98.81£3.19
10 82.09+2.45 96.85+1.23
20 78.05+2.61 90.63£2.25

%4 Res-PAMAM-Ac %t A549 {AMANEM (X L5, n=3)
Table 4 Viabilities of A549 cells after being treated with
Res-PAMAM-Ac (X x5, n=3)

JREER S/ (ngmL ) AR I /%
1 99.83+2.84
10 98.80+3.07
30 98.78 +4.59
50 95.554+3.03
100 96.15+3.19
200 95.584+0.74

BRI 2. fEARFEVREE T, PAMAM X}
AS549 4N e EE M B35 = T PAMAM-Ac, X%
B AL 35 PR T A B e . S 258U 40 i
BEPERORBE S 25 R B G N, S A 2k
X A549 20 Jf AR B T I
2.6 AIMSLIE

KAE SD K RHRER G H#IK MK 2 mL, BTkt
KIMEW, 3 000 r/min. 4 ‘CELr 10 min, BRI
BRI 0.9%4F 38 /K F KBS 0 10 min, E¥E T =
L4 & BIEHON T . BL 0.9%E 3 £k K AR
s il 25 2%41 20 B 2 - #F 0.1 pmol/L PAMAM-Ac
G4.0 F1 30 pug/mL Res-PAMAM-Ac &1 5 25K A7)
ZIYNHBERR A, B A LN 0.9%4E B E: K /E N B
PEXTIE, 2 M2 KA E A FE X IR . R i
T 37 CARBHIEE 1 h )5, B0 LSRN A
i TE 540 nm AR 4 M, THEE L% (HR) U2,
45 575 PAMAM-Ac G4.0 1 Res-PAMAM-Ac [ 7%
MLRAUN 3.24%F1 2.05% (n=3), FF& (HEZGH)
2015 RO I 26 /N T 5% R

HR=(41—Ao)/(A2— Ao)
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Ao APIVEX RIS, A AEIHRELEE, 42 AFHMEXT
HALH I
27 BREMER

B 173 Res-PAMAM-Ac #HT K #IE e MR
3, WEZKM N4 T 60d, MERESAM L 24
YEIRIEOL, FFEAT &R EEA I .

B3] Res-PAMAM-Ac 34T i 2500 5256
(10 000 r/min, 15min), FHAEELETE, 25l
RO RS B E 306 nm PACAL I TEFY, AR
At EREESE (Ko

Ke=(Co—C)/Co
Co NIRRT R E BB LR 25 IR BRI, C N
KA R I BB B L ) 25400 R B

VERVPAN AR BARAS E PR 48R, Ke B/
Fase M g 3], 453 (3R 5.6) R Res-PAMAM-Ac
(R 3 K MDA B8 0 Ke~F-3{E 53501 79 0.05 #110.12,
BINT0.15, BRI R REREE R
3 e

ARSI L) PAMAM REfA, FlFH H N 5K 2
%5 Res-PAMAM-Ac KH (4 'C. 60 d) F2EMMIXER

Table 5 Res-PAMAM-Ac long-term (4 ‘C. 60 d) stability
test results

R E /(mg-mL™")

R T WE R fe
78.37 75.25 0.04
84.23 79.62 0.05
72.49 70.36 0.03
77.28 72.27 0.06
73.84 69.31 0.06
75.73 70.86 0.06

%% 6 Res-PAMAM-Ac fERZE:L> (10 000 r'min~!\ 15 min)
FREMMINEE R

Table 6 Res-PAMAM-Ac accelerated centrifugal (10 000
r-min~!, 15 min) stability test results

J R /(mg-mL")

B WL K
75.78 63.44 0.16
77.54 70.68 0.09
73.97 64.66 0.13
78.36 71.82 0.08
82.69 72.21 0.13
75.36 67.03 0.11

(A Res A#E 277 G Res-PAMAM-Ac 44K
BAZEY . R KEGEA B PAMAM #4441
Bl fEA GRS PAMAM ABRIIE N, S78E
BRI ARG, W2, ART R
R R . BT EERTE A EHRIER,
ERBAIESEETHE, AMTAYnas. 4
RIE, FCET PAMAM SMNEAAERENERE, &
iR A BRI a0 s v, By UACHE 5T i 4%
PAMAM G4.0 &AM FF AT H > LB AZ >
R IE AT, AT PR A B DS

Res NETK, THETER G FEEZEEHL
B, PAMAM 2K HERCIR K07, ATPE VB A
X} Res #EATALEK, KW AHZE KL &1 Res-
PAMAM-Ac & Z40KEBARE EWRARI 5], /3 Ania
FlA, V& ERE. BT EEYRAA NI H
KAERER, Bl HIs K RERNRE, FERE
BULHR BRI FI B ARRAR RV 2 . 7R SC AR %E0S
(RN K3 24 R GRS 7T TR R 2 fLA Dy (19.27 £
0.35) mV AL T2 4Gl . @57 Res #£ 45 ff) HPLC
WsE J5id, 133 Res FHEEVA T B9 BE 1A A4 1l 2%
N Y=173 248 X+238.46, r*=0.999 3. LLHELHIR
YA G TN E BAA N YR EIREE, T
AR, RAEAIM SRR LT pH H
N7, BEEN 60 h, ULAFEZEN (76.9940.72)
mg/g, Res EAWIMLL Res TE/K P HIAEMEE AR K
P o B 23 o3 B 2 D B R (0 D IR,
H AT B 8 A E NS B IE R RS )8
VRS ARHIE TR BT AL, 1% e 7 5
faife, 25 Bk, JHEIEA T Res S/KAHE ML
VI &

TEHEAT 22 A 52T, Fh T IR 240 i L 1 4
PR 85 A B 1 TE I AURR, B DAAS A 93 AN i e
AS549 Y EEAT 4 M FE A S IR TOT . R B T 5 )
T AR5 04%) PAMAM #4440 i 55 5256 (AT 7T
ARSI B BRARIR FE 1% SEAE 0.005~20 umol/L, ik
2 B RE K, AT DARE U M A kA 1) 22 4 s T
YHEVRESEAREMEFERN, SEME 1
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