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Preparation of sialic acid-modified chlorogenic acid liposomes and its anti-tumor
activity in vitro
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Abstract: Objective Sialic acid (SA)-modified chlorogenic acid (CA) liposomes (CA-SAL) was prepared by response surface design
to investigate its in vitro cytotoxicity and uptake. Methods CA-SAL was prepared by a modified reverse-phase ethanol injection
method. Sephadex G50 column was used to separate the CA-loaded liposomes and the free CA. The drug concentration was determined
by HPLC method and the encapsulation efficiency was calculated. With encapsulation efficiency and drug loading as indicators,
Box-Behnken response surface design experiments were used to optimize the prescription process of CA-SAL. The MTT method was
used to evaluate the cytotoxicity of CA-SAL on human lung cancer cells A549. Inverted fluorescence microscope was used to
investigate the uptake of CA-SAL by A549 cells. Results The optimized preparation conditions: hydrogenated soybean lecithin-CA
ratio at 15 © 1, hydration temperature 60 “C, ultrasonic power 400 W. The average particle size of CA-SAL was (90.13 = 0.51) nm, the
polydispersity index (PDI) was 0.16 £+ 0.01, the zeta potential was (—25.3 + 0.5) mV, the encapsulation efficiency was 57.8%, RSD was
0.1%. MTT results showed that the inhibitory effect of CA-SAL on A549 cells was significantly greater than CA-CL. Greater cellular
uptake of CA-SAL was observed compared with CA-CL. Conclusion CA-SAL prepared by response surface optimization has a

uniform particle size and good stability. SA-modified CA-loaded liposomes could enhance cellular uptake and cytotoxicity of human
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lung cancer cell A549 in vitro.

Key words: sialic acid; chlorogenic acid; liposomes; response surface; cellular cytotoxicity; cellular uptake

LR (chlorogenic acid, CA) 24 4R{E. #k
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e PURAMDC SRS AT IR, PR
G PR MS, B BRI KA. HREER
NIPEERR, ZHRHCH AN, SHATEE, £
YR FEAIRE S, 9K s AR N ik B R T
(R AR S PEDY, i A4, 22 (1 25 vT LA Ak Bl
B2 AL SR 2R e YRR A R Rl Ol
JIE o A G A o S R T DA o Al ¢ SR TR 1 A s MK L
SO D SR NG EI Gi BN =R Svig i LR il B gV
(enhanced permeability and retention effect, EPR) 1§
DR M, BRI TR 7R kI 52 e AR N AR
FIFH B2, RSk MEVRIR (sialic acid, SA) 4
GrER AP R, HA Siglec-1 HE AR M MEE R
T RS, E B WA MR 2O0E e iR A B AR
H, CA 5T W HAE BB A G W 4 0 2 1] ey 36
KU, 7 b e B e ¥ T H R A D T 8 254 1)
AL e YR R AB U E J B A b, H o 7 e 2
R, ATLLSE M R AT AL

ARSI R FH o R0 AH 2 B NV ) 4 Ml R R 1
Mgk R R i L4 (sialic acid modified chlorogenic
acid liposomes, CA-SAL), it 3 i ¥ vtk 4b
TR Z, WHIBAS . Ridt S o A F AL #dk
ATVPAY,  Ffadk— 0 3 I 4 2 1 R 40 B S 56
G YRR A VR 2t SR TR R IO A PR AR 1 b e v 12k
1 UESHR
L1 Y2

DF-101S £ERGUE IR AR 1 HEas, B 1E
WA ER R A PR A A Agilent1200 Y & 0B AH (1
1%, R AR UARE 5810R &0,
75 [E Eppendorf H R AR HS MMM, T
BB Z MR A R AR UV-vis2450 40000k
FEit, HA Shimadzu A FRA T ; XS105 24 KT,
R -FER Z A IR A7) Nano-zs90 HIEHLE Zeta
HLEADIEAX, TEE B /RS Z A PR A A ; DS-Ri2 %
HeB B BT, HA Nikon HFRAF]; Infinite 200
Z UiaelghrAl, Hi b H AR A A Nicolet IS50 4L
AR, FEER KRB A F] s Avance 11 600MHz
WMEIEARPAEAL, HiH A& AR A .

1.2 #H

SRR (HSPC, #it5 B60455) HH[H
(Cho, fit'5 B80859). XUIFIGNEEfE (DSPC, it
5 B51276), S, il REAARA R
KEIIHENE (SPC, fit'5 8002435), 4l 3EEEZy
BIHEAR AR EEINBEAE (EPC, gyt
RHER AT, LS TISAIF58540); ZJRMRIER
75, fit'5 N1904131664, im0 H>98%, LT
PAEDMARAF: HEEZER 6 (Co, LiglimtAmF
HAHWRAF, HPLC 4, #it'5 Z14M10H88284); &
Hr48 MWCO03500-4000 (_LigEM-AYH R AF]D;
BB R G-50 (HIb'5 C10692375). 1-2.%E-(3-—
DR S R T 8 Bkt — W % 2R R £k (EDC-HCI, #t'5
C10476444) . N-¥2FEBEFA WL % (NHS, #it5
C10490891), il s MRAENBHETARAF; 1)\
iz C(ODA, #it'5 FY28643H9410), Fgil K EWRl
FAMRAR:; MTT Wl5fl& (H'5 A100793-0001).
4',6- " RFE-2- LI e (DAPI, #it5 E607303),
ATAEYTRE (B BROERAR: NN-—HXE
gtz (DMF, b5 201808200, | & GHERILiK
MAEWRAF; TKCEEAA; HEE. . B
[Py R TR
2 HEESHR
2.1 SA-ODA HI& RIS

FIE T EH DMF 10 mL &M R 184 mg
(0.60 mmol), ZJEHIA NHS 140 mg fil EDC-HCI
228 mg, FiR NRAIBERE 1 h 3T . TEALTE R
J& ) S AR 2 HInN ODA 54 mg (0.20 mmol), %
SAEPTR 60 C. 240 r/min HEFE 12 he [N 5E KR
FHRBA7KKS S MR R MR A 4 AR5, JfAd R 4l
AT ENT B AN 2T & 3 500), T
73 SA-ODA 4li i, HEWEER A SA-ODA & HLiH 75 4
ZLAMEIE (FT-IR) WL 1, SA-ODA i dtiRE
('"H-NMR) LK 2. it 1912918, 2 850 cm™
AbBEFERT 11174 1030 em™ ' AbBEFRFE (774 DA K Bt
#1725, 1756 cm™ AEFRIRIL AW 2K, BoilE T SA
5 ODA &R
22 REREESHENEL
221 IR

(1) AR FADIR: R B IR B
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Fig. 1 FT-IR spectrum of SA and SA-ODA
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2 SA-ODA #HIREE
Fig.2 'H-NMR spectrum of SA-ODA

TR B 0.2 mL, 11 50% FF IS 75 Vs i 8 5 %2 5.0 mL,
i 0.22 um THALUENEL, RI4S7 2 0 o A4 AL

(2) S JE I HR VA B IR R Gt R i i
FEERE, ERRCERY, N 50% ik H e
%25 mL, iR R VTR, it 0.22 pm
TUFLUENRE, B 23 i i Xof Rt VT

(3) CA-SAL FHFLM: FE%THL CA-SAL 0.2
mL, 11 50% B8 75 VA i 45 %2 5.0 mL, i 0.22 pm
RFLUERR, RIS CA-SAL B{FLK.
222 M (AREREA Zorbax SB-Cis A (250
mmX4.6 mm, 5 pm); VRBIAHN 0.4%5E R IK I K-
N (82 118); MABUAE 1.0 mL/min; Al
327 nm; BEFEE 10 pL; FEiR 25 C.
223 LEMER WSO, S5
PR CA-SAL BEFLASHERE 10 uL, 433
TSR RARAH SR, TR, SRJRER ik g
VT R AT, HRb 25 L, WL 3.
224 LMERRFEHE BGEERR IR SERL 5l
T BB IR N 60.48120.96 181.44.241.92.

A
B SRR
0 2 4 6

t/min
3 FEEREHIE A). REERMER (B) 1 CA-
SAL #FLif (C) B9 HPLC [Ei&
Fig. 3 HPLC of blank liposome (A), CA reference
substance (B) and CA-SAL (C)

302.40 pg/mL RV AR, 1% “2.227 TR
RSB T, SRR . DASEJF R Bk
FERREAAbR (XD, WA AR (YD #4741
[BH, BLMERIATFE Y=27.327 X—665.82, r=
0.999 8, ZiRFILEJFIAE 60.48~302.40 pg/mL
gL X R R
2.2.5 FEEBEALS  HUERE RN IR SR
W5z 6 K, ICFIEHA, 15 5H RSD M 0.45%,
RO 5 R AT o
2.2.6 FaEMEIRK: B CA-SAL WAL, 437K
B 0. 2. 4. 8. 16. 24 h BFHEREDNE, 455 CA-SAL
B LR SR IR BRI THI AR RSD A 1.22%, W] CA-SAL
AL 24 h AR E T R4 o
227 EHEMRE  HUE—# CA-SAL 0.2 mL,
1764y, BT SmL &M, H50%FEEE, #,
i “2.227 TR A FAEHEFENE . R SERT
BRI E N 1.60 mg/mL, RSD AN 2.2%, FWi%
Tk E LT
2.2.8  JOFEEISCRRLS B “2.2.17 TR A AR
& 6 1, &r 0.2mL, R A0SR 0T R S
IR (2.03 mg/mL) 0.2 mL, WHEEZS], 50% %
B ER R S mL, WHERS), i 0.22 pm FLIERE,
BUSEIE, I8 “2.2.27 TR ik &7,
S5 P [N 99.30%, RSD K 2.71%.
2.3 BEBRASHENNESZE

146 FH 6 SRR IR A VA AT T oA 5 0 S 2 1
U8 BUERRE G-50 Bk I AKIR IR e 4
Bk EHEA T RA 2 2940 1 2.5 mL EH 28,
KAy AR R 514X g B0 3 min R %2 K5
ENA5AE 40 3.5 em FOAREAS

K5 B 2 4y CA-SAL 0.2 mL, H 1 4+
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T BB AL T, 514X g B0 3 min, ZkZEhNA
0.2 mL B AE7K T B AE I T, 514X g B0 3
min, 7RISR 3 IR, A IR LB T 5
mL &=, A 50% F B S S e, 1 0.22 um
PAALIERSE . 1% “2.2.27 TN S AFREATRRIN, U
TE AR SR UETRIAR, TH SRR R R IR E (C wor)o
T 1T 5 mL &, 50% F R P Ve
2, ¥ “2.2.27 TR EE KRN E _EAEET TR,
THHGERR R EIRE (Caw), HHAER, A3
NEER=C 50:/C suiro
24 BERAHIRHEERE
241 FEREEOE  F RS T TS5 b AR Y
REBRREA, B HSPC. PH[EEE. SA-ODA Jiis Ll
RT3 022 05T =AW, 50 CCHE A R R 2%
AHER, TR SINEFEE, A 3 mL AH R
JR RN 1.67 mg/mL R FRIAW, 50 C/KE 20
min i 0.80.0.45.0.22 um fHFLIEME, BIfH CA-SAL.
242 SRV EEENGE SRS R
EC I FR B G B AR A4, BN HSPC. H[EEE. SA-ODA
JREELLA 73 122 05, IMAHIFIZAAT 10% 76K
CIEHT 50 CoKM iR B2 A 320 t/min i HEE
filto TR SE VA, SR8, XKL
KT o F THE A R IR ) R E N 1.67
mg/mL 2R R BRIEWEENEM H, 50 CRKIBHEHE 20
min, 15 2| CA-SAL ¥ o #4471 i i 75 43 B AR B 6 min
(Th& 400 W, TAE 1s B 1) J5, Kt 0.80.
0.45. 0.22 pm KIFAALUERE, EP1S CA-SAL.
243 GRS BOE T A IR AR
AR BEHFME R D, REESREH T
Nio
R®1 CASALHIEFEERE
Table 1 Preparation method investigation of CA-SAL

il & 51k Sk 4% /nm PDI /%
TR 1l 142.94+1.1 0.272+0.018 37.8+2.1

BRI AH Z B NEE 118.7£0.3  0.288+0.010 48.3+1.4

25 BERSE

251 BENRSZWILBIES [k EN
Smg, WEBRSZAWMLLEI SRR S 1. 10 01,
15:1.20:1.25:1, #% “242” MU FM R L
B NVEH & MR, s RAaE K558 (28.9+
1.4) %. (35941.2) %. (47.8+£2.1) %. (45.2+
3.6) % (46.31+3.4) %, ML LRI, fER

B W AR -5 299 Lo g3 K G oK, (ER e S
4R R 15 1 1 B, AERATRES, BT
A R BEENR S 24 15 ¢ 1 B T#HZ .

252 KAIREEHLE & KIRESH8 25,

35, 45, 55, 65 C, HAMZKMAL, % “2.4.27 T
TSR SRR A, GREFESNN (2094
23) %. (303+1.4) %. (40.6+1.1) %. (463+
2.6) % (44.6+£2.4) %, UL LZERATM, QX
b6 K AR FE IR T i T O, H 27K AR ks 2]
55 CH, BEHRAHEIE, RINEHTF. B4
TR T BIAH AR IR B DA v s e e, AT
2y, iR E R s KR S B

X 43 SRR (1 RS M A 2 BRI o 7R B AH AR IR
LR % Rk B 55 CoNKALIRE .

253 KA EFELE  BE KA A 23700 9 20,

30, 40. 50. 60 min, HARFMALE, 1% “2.427
R ikl & ek, SR aE%000 453+
1.3) %. (46.7£1.2) %. (46.6+£2.4) %. (40.5=+
2.3) % (39.6+1.6) %, HULLZERAT5n, Hx
FEZKALHT R B)IE 50 min J5 75 BT R %, AlRER AN Y
B 2R B, KA (R 2 S B2 it
I o TEZ AT 6 2RI R 5 RIESE 30 min Jy7K
AREA]

254 EBEYEREL BEHEA RS RN 100,

200~ 300, 400, 500 W, HAZKMAAL, % “2.4.2”7
TR 7 ik & M i, 2R aE RSN (40.5+
3.1) %. (43.74£22) %. (45.442.4) %, (44.5+
1.3) %. (38.6+1.4) %, HULLZERAT, WHH
b 5 7 S TR (AR i 3K, H 2 i S TR )
T 300 W B, GEEAFAG, KIUFE, T2
DR i 75 Thead s S 80 0 24t . 1R R S
SIS B LR B S T3 300 W

2.5.5 HFEREFEE BT AN 5008 2. 4.
6. 8. 10 min, HABFMEALL, % “2427 BUFJT
LSRR TR, SRAEESHIN (42.61+1.1) %.
(45.8£3.2) %. (454£2.1) %. (39.5£2.3) %.
(35.6£1.7) %, LA LSRR, AR MEHE
7 T (R 3G I T AR AN R, (L A A I ) 2
8 min I, FEFIFIEMBL T HER T, AR
PR it 75 it [ K S B8O 29t . % RE Ik R
7RIS E] 4 6 min.

2.5.6 BENEFIRESE 737K H HSPC. SPC.EPC.
DSPC 4 MAE N, HAKLEAZE, 1% “2.4.27
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WUR Jrikml & Re ik, @Ra%0 000 (46.4+
3.1) %, (38.8+2.5) %, (39.4+1.5) %. (44.4+
2.8) %, ZEHFKHH HSPC Ml DSPC KRB LF. 1E
Z[EF| HSPC BENATFHIE LT IEREBERE RN
HSPC.

2.6 Box-Behnken M EEMALAE FRIASIETZ
3 0y5]

2.6.1 WSS g5 R N Design Expert
12.0 BAF AT RLRBE T, 78 A B R 2 1) 2
fii b, DL CA-SAL fudf 2 (Y M#EHLAE (Y A
W SR, SEMREN 3 IBEIR S 24P L (X)),
KAGIRE (X)) AR (X3) 3 MREZFNH LN
%, KH 3 A& 3 7K°F Box-Behnken M 3 [H A4k 25,
i AR T2 BREZFIKF Wit K4
RN 2.

2.6.2 BRI BFEMRK 8T Design-

Expert 12.0 X 3R 2 BmATHL G, BRI AN
Y1 =15723—5.06 X1 —3.94 X>—0.12 X3+ 0.069
XX +8.70X 1073 X1 X3 —1.53 X103 XoX;—2.50 X
107 X240.037 X2 +3.51 X 107* X532, Y,=13.359 37—
0.930 5 X1—0.192 25 X,—7.725 X107 X3+3 X107
XiXo+5X107° XiX:—1X107* XoX3-+0.024 9 X2+
1.975 X107 X2+3.225 X 1075 X352, J7ZE % W%
3. M P<0.05, HAEEMRW, 1wkl P>
0.05, RHRMARZE . BAPMHICRE ) 739
790.984 5. 0.991 8, VAEHERE (rag?® 739N
0.964 6. 0.981 2, 1AL 5 SEPRAIGL A F2 B R 4T,
FHAZABE R 43 A RS0 i S5 A i) 46 2 A 3 1)

2.6.3 MARIEIAT @It Design-Expert 12.0 3K
X PR 2 2 18] ()22 BAE F R4 e LT 434, )
IS TET B2 P, v S pE TR B O R P AR, DX
FEZ BRI . SR 4. 5.

#2 ARt RER

Table 2 Experimental design and results

RES X1 XC XB/W Y% Y% | RES X

X/'C X3/W Yi/% Yo /%

RS Xi XJ/C XB/W Y% Yal/%

1 5 65 300 320 4.7 7 15 55
2 10 45 400 503 3.7 8 10 55
3 5 55 200 298 44 9 10 55
4 10 45 200 284 2.1 10 5 45
5 15 55 200 313 1.6 11 10 55
6 5 55 400 389 5.6 12 10 55

400 57.8 29 13 15 65 300 547 2.7
300 345 2.6 14 10 65 400 55.0 4.1
300 359 27 15 15 45 300 404 28
300 315 4.6 16 10 55 300 355 2.6
300 365 27 17 10 65 200 392 44
300 37.6 28

*®3 BHRNHABHESN

Table 3 Analysis of variance of encapsulation efficiency and drug loading

KIE HBEE ,@ﬁ%& Ey— %ﬁ 2
B EFIM By F1H PE B8 72 I By F1H PfH

Ay 9 1373.54 152,62  49.43 <0.000 1 19.3200 21500  93.64 <<0.000 1
A 1 338.00 338.00  109.47 <0.000 1 12.750 0 127500 556.13  <<0.000 1
B 1 114.76 11476 37.17 0.000 5 0.500 0 0.5000  21.81 0.002 3
C 1 671.61 671.61  217.53 <0.000 1 3.5100 35100  153.14  <<0.000 1
AB 1 47.61 4761 1542 0.005 7 0.090 0 0.090 0 3.93 0.088 0
AC 1 75.69 75.69 2451 0.001 7 0.002 5 0.002 5 0.11 0.750 9
BC 1 9.30 930  3.01 0.126 2 0.040 0 0.040 0 1.74 02281
A2 1 0.02 0.02 5.33X1073 0.943 9 1.630 0 1.6300  71.16 <<0.000 1
B2 1 58.03 58.03  18.80 0.003 4 0.164 2 0.164 2 7.16  0.0317
2 1 51.95 5195  16.83 0.004 6 0.4379 04379  19.10  0.0033
WRZE 7 21.61 3.09 0.160 5 0.0229

KAYIR 3 16.29 543 4.08 0.103 8 0.1325 0.044 2 6.31 0.053 6
a7z 4 532 1.33 0.028 0 0.007 0

B 16 1395.16 19.480 0
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10 55
X, Xy/°C

4 BETWNHEERRERNSH RN

Fig. 4 Effects of different factors on encapsulation efficiency based on response surface method

Y2/% Yo%
651 400
2 ss Z 300
2 5
45 200
5 10 4

X X/C

E5 BT R EENEE RN AR RIFMm

Fig. 5 Effects of different factors on drug loading based on response surface method
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2.6.4 RAETZHIBERKAE B NG A A d
ARk 25 &b F i KAE A iR #5, JId Design-
Expert 12.0 A3 41, S 240 % CA-SAL il & 1 &
FELZHM RS AR ER Y 1501, KGR
FEH 60 C, EFIIFA 400 W, EiZ%&MHT CA-
SAL 3RS AL3 A 60.5%, 1 B F] F Box-Behnken
BT AR A R . 4 AT IRAE, EE 3K,
CA-SAL HIF¥fd 35 57.8%, RSD N 0.1%, #
2N 2.3%, RSD N 0.5%, il i R15 B[ 45
RATEE,

P HR IR CA-SAL S i £ T 20 4 2 R e g
itk (CA-CL), JEMHAIIA SA-ODA.
2.7 BERIFIEUMRA LR
271 JRFATEARIER ARSI #4152 IR 5
REINIETEIE I, RREAIE, ERILE 6.
PR TR IR BN, ARG 2% AR e o
Bl FES . SRJEXTRE AT TR, BETENBRT
WMEL, WK 7 7%, CA-CL Ml CA-SAL ¥ 52Kk A,
[ %,

B 6 CA-CL(A) 1 CA-SAL (B) BY5ME
Fig. 6 Appearance of CA-CL (A) and CA-SAL (B)

K

B 7 CA-CL(A) #1 CA-SAL (B) i&E5THEERE

Fig.7 TEM of CA-CL (A) and CA-SAL (B)
272 KifER Zeta HIAIEE R HUE &) 45 1 5
AR — A EUG , TWOERLEE 2 A G e LAz
Zeta A7 M 23 B R B (PDD. 115 CA-SAL )%k
. CA-SAL “F#kifE A (90.13+£0.51) nm, PDI
4 0.161+0.01, Zeta A (-25.3£0.5) mV.
273 JREREN  BURERINERA 3, T4 C
A FE R, T 0 1N HERE, Mg
BT = VHER R, H LR KA RGN .

ZER W 4, CA-SAL 7£ 4 C4&MF R 1 ANH,
AOBTURAMEEE, SRETEIE, HAER
If, BERMpNEYLEEETI. gRERH,
CA-SAL 7F 4 C&AF TR MERT .

%4 CASALTE4 CEHTHREM n=3)
Table 4 Stability of CA-SAL at4 ‘C (n=3)

I 1)/ A S (EEE D

Fi4%/nm PDI

0 TCUliE 90.1340.51 0.16040.01 57.840.1
1 ALOEIUE, 49247+2.160.177+0.11 56.2+0.5
PRIE B R
2.8 {RINEERL

3 BB 1 mL CA-CL. CA-SAL . £ JR BR VA TR ()
TR 4 mg) BENFBNTESH, IR i (PBS,
pH6.8) 25mL, T 37 “C. 100 t/min HEIRH . 7>
BT 050 1. 2. 4. 6+ 12 h BUFE I mL (R4 78
SRS BRI, ] HPLC 30 44 R iR i
RS, VAL 3 SRR T 25 I ) i BRARBE A B E .
SE R 8 o, SR IE BRI AR 5 W) 0.5 h B ik
31 71.2%, 4 h B SRR I M 1) RAEETEN 99.8%,
O FARZG 584, 1 CA-CL 1 CA-SAL LW &
RIS, £ 0.5 h PRSI 15.6%.
17.8%. 12 h i}, CA-CL 1 CA-SAL [ REVREIH
53N 60.1%+58.4%. 27 L FTi& , CA-CL #il CA-SAL
s Zimtt, BH—EMERER, B8N
Pt 2R AL, BT SA FIB X 25 MR OIC W B
AL
2.9 CA-SAL HI¢mpns S0

7R AS49 AR IFFERN T 96 FLARH, HFLARH
Y 56 4 W BE FLAG T BUE KRS, BLE 10% FBS

120+

RV Y%

o 3 6 9 D
i/h
8 CA REIFIFIAFIMNEZ L

Fig. 8 In vitro release curve of different CA preparations
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P FRENT BN IR, DRI AR YIS 3 HUEHE 6 min (D)3 400 W, TAE 1s[A]
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Fig. 9 Results of in vitro cytotoxicity tests for liposomes
(Xxxts,n=06)
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Fig. 10 Cell uptake fluorescence (scale bar: 100 pm)
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