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Preparation of caffeic acid phenethyl ester nanosuspension and its inhibitory
effect on breast cancer cells in vitro
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Abstract: Objective To optimize formulation of caffeic acid phenethyl ester nanosuspensions (CAPE-NPs) and evaluate its antitumor
activity against breast cancer cell in vitro. Methods Poloxam 188 and propolis were used as carriers, and the formulation was prepares
by antisolvent precipitation method. Preparation process parameters were optimized using Box-Behnken design- response surface
method. The stability, drug loading capacity, and encapsulation efficiency of CAPE-NPs were investigated, and the lyophilization
protective agent was screened. At the same time, the growth inhibitory effect and cellular uptake of 4T1 breast cancer cells of CAPE-
NPs was evaluated by MTT assay in vitro. Results The optimal formulation included 0.88 mg/mL propolis, 1.86 mg/mL caffeic acid
phenethyl ester, and 1 mg/mL P188. The mean particle size was about 150 nm, and the encapsulation rate was above 98%. CAPE-NPs
could stably exist in various physiological media. 0.5% BSA could play a good protective role in the freeze drying process of CAPE-
NPs. The inhibitory effect of CAPE-NPs against 4T1 breast cancer cells was 2.95 times higher than that of caffeic acid phenethyl ester.
After being taken up by cells, it is mainly distributed in the cytoplasm, and the uptake of CAPE-NPs gradually increases with the
increase of administration time. Conclusion CAPE-NPs has high encapsulation efficiency and drug loading, and can significantly
improves the inhibitory effect of caffeic acid phenethyl ester against 4T1 cells.
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FATR] T MNHER IR L ER KR ET, IR 1. 4R
SFRPRARIIAE 150 nm PAE, e DLgnHERR A £ -
PEG2000-PCL2000 N K& LAz B AL, MNHHERR 48
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Table 1 Effects of different stabilizers on particle size and
PDI of CAPE-NPs after propolis addition ( X =*s,

n=23)

e 7 SEERLARInm PDI
TPGS 142.7+3.0 0.237+0.016
PEG2000-PCL2000 98.9+1.4 0.321+0.037
P188 143.8+1.9 0.23240.015
1L AL 80 136.9+4.0 0.243+0.004

H15 By ST B A 2T 0 oK Vi A 7 1D ) 4
N R BRI — E R IIERR 2K 2B 162 . P188
SEIREAR T BRI, 12 BTk S8 75
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BEIREYIN L mg/mL, RAANFRREKRE (1. 2,
3mg/mL) (1) P188, 43 il il & MIHEER A £, e 4K VR
B, MEkEM PDI, 4550 2. P188 Jlimik
FEXTT R A 5, fEE P188 i Sk Y
K, PDI &AW/ ik 2 v k245 & 3 F Nk )
&, fEAEMRAMTRE BT, &5t
B ik P188 HEAT 1] 4% .

222 MR EIKREFL [ MR R L6
P188 JREIKEIA 1 mg/mL, FEAR[E R EWKE
(0. 0.2, 0.5. 1.0, 1.5mg/mL) B&f%, 43 i £
HERR 7 L BRI B, R IR 3. gt
SRR 454 nm, B S AR A UOE A AR, T

# 2 FRREZIRE P188 MTMHEER K ZEENACEBFIRE
1 PDI KIS ( x£s, n=3)
Table 2 Effects of different concentration of P188 on particle
size and PDI of CAPE-NPs ( X s, n = 3)

P188 FE Ik /(mgmL™Y)  FIKiAEInm PDI
1 1438+1.9  0.232+0.015
2 155.3+1.6  0.223+0.012
3 149.1+3.2  0.221+0.001

NSRS, RARA PDIHIEL T B SRR,
R R IR F) Lmg/mL I, BRI, T4k
B3 RIENR FEIR L JG , AR PDIWITFaG B 1
THEH

R 3 [E BRI R T INMERS 2K 2 B4R AR BTk
%0 PDI (9N ( x s, n=3)

Table 3 Effects of different concentration of propolis on

particle size and PDI of CAPE-NPs ( X =s, n = 3)

W IR R B /(mg mLY)  ~EERIAE/nm PDI
0 454,0+18.2 0.26610.051
0.2 189.9+1.2 0.272£0.041
0.5 171.4+19 0.195+0.010
1 143.8%+19 0.232+0.015
15 152.3+1.2 0.242+0.031
223 WNHEER A LB EIK A [ E R

P188 FiHEIKSEYIN 1 mg/mL, HEARE KL
(1. 2. 3mg/mL) BIHERRA £ P8 Xt B HERR 2K £ FE4H
KIBEFH & sem, SRR 4. MR 215
(P IR Pk s, Rife. PDI R 2 K.

R 4 TREIREREMEER K 2B IMMEER K 2 BE 20 K08
BFIKIZH PDI B ( X +s, n=3)
Table 4 Effects of different concentration of caffeic acid
phenethyl ester on particle size and PDI of CAPE-
NPs ( X %s, n = 3)

WNFEEPR 4 £ 158 o

HifzEinm PDI
WP /(mg mL™1)
1 143.8+1.9 0.232+0.015
2 162.3+0.6 0.252+0.022
3 181.9+1.2 0.321£0.012
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1.00 X Xc+29.72 Xa?+-9.42 Xg?—8.51 Xc2, R?=0.848 9

Y2=0.26—1.875X 102 Xa+1.7 X102 Xg—4.625X 1073
Xc—7.53—3 XaXs+0 Xg Xc+3.8 X102 Xa2+44.525X 1073
Xg2—1.2X 1072 Xc?, R2=0.7600

Y1 R VEOGKRL (1) = B a bR, LARIARAT PDI R
/N IR 2.0 i R FE S s P188 Ji i
FER BN T RACMKIE, 15 BB AL TT %A1 )9
Xa=0.88 mg/mL, Xg=1.86 mg/mL, Xc=1mg/mL,
MK A 142.199 nm, PDI 24 0.250 1. fittAl AL,

B/(mg mL™)

W BBV B L WINHERR 2K LT BT IR S L P188 i
WIE INFFREGRE. PDIEHEA RAFHIAHI .

#&5 Box-Behnken i{3&i% 175 RFIMGIE
Table 5 Box-Behnken test design and response value

T A B C hrfEnm PDI
1 0.5 2 3 188.2 0.281
2 1 1 1 143.8 0.232
3 15 3 2 221.3 0.313
4 1 2 2 156.7 0.281
5 0.5 3 2 239.1 0.328
6 15 2 3 179.4 0.261
7 1 2 2 151.2 0.269
8 15 1 2 176.5 0.291
9 1 2 2 155.3 0.223
10 1 2 2 162.2 0.272
11 0.5 2 1 159.5 0.298
12 0.5 1 2 138.2 0.276
13 15 2 1 176.3 0.303
14 1 1 3 147.2 0.243
15 1 3 3 169.3 0.272
16 1 2 2 147.8 0.251
17 1 3 1 181.9 0.281

2 3

0.
3 1

15

0.5 1 2
AJ(mgmL™) B/(mg mL™) C/(mg mL™)

1 ZEZEXTFHRIRF PDI £200A0 N R H &
Fig. 1 Response surface diagram of the influence of each factor on particle size and PDI
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Table 6 Particle size and PDI determination results of
CAPE-NPs ( X s, n = 3)

fLix F-Hykif2/nm PDI
1 145.70+4.71 0.246+0.021
2 148.51+2.15 0.252+0.037
3 153.11+1.17 0.243+0.025
1 10 100 1000 10 000
d/nm

B2 MIMERK BB BFIRE S
Fig. 2 Particle size distribution of CAPE-NPs
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Fig. 3 Particle size change of CAPE-NPs placed at room
temperature within 10 d
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Fig. 4 Particle size change of CAPE-NPs in different
physiological media
2.5 WML K £ BegA AR B 57 B0 R T AR AP 5TRY
i i
P VR T I A A A K ) 7R YT i A7 A e — 20
IR H R Bl U5 4 I WIHERR 2 L BR A KR
=0, M vE & 0.5%, NIRRT OR Y 7
CH Rz AR LIRS, BERE. BSA) Wik TR,
FEB LI IRAL ORI T ORI, I AR T8
FRRIRRZH R IR DOFIE AR, 4R
W 7o SRR IMAAF RIS T-ORY 75 (¥ uhn
HERR IR 2 BRI KRB TIAE R T AR e i, TMoxd
WALk e i g . JLrP Ll BSA X TUlmFR A 2
B AKIR =T AR T IR ORIy, R R RiA2 X
#KT 50 nm, HEH 0.5%[ BSA FIAEIMERR 2
LBRANATR B ANA R T IRI LR A7)

xR 7 HEEK CERNKBEBFIMARERFFVETFRE
IREESRIZ ( XS, n=3)
Table 7 Average particle size of CAPE-NPs after lyophilization
with different protectants ( x =s, n = 3)

TR I ERLENm
X HE —
H 463.5+12.3
ikl 491.2+11.9
b 473.4+5.1
FEE R 329.1+4.2
BSA 193.3+2.9

2.6 MR ZEsANR AL B RN A=A E
2.6.1 N HE A A R R AR PR I R
CEEXTIE S, 2 mg, B 2 mL &id, BRI
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& ZIEE, 10000 r/min &0 5min, B _E7E, EIfS.
26.2 faiEs  SKRH Welch Cis A A EFE (250
mmX4.6mm, 5um), FsIAHN LG - 0.3%HEER K
W (70 1300, #EIE 30°C, KM 270 nm, &
AR 1.0 mL/min, #EFERE 20 pL.

2.6.3 LEMIRK  EOHERR 2 2B HE SR
(s VBRI FE R 2 50 pg/mL) F125 (9 (i 4l
FH A BRI o, 75 380 1 i e PR A 2, T PR A g Y
R, R TE] A 4.5 min, ZEAKH RN a] Py ¢ i 4l
PR T R R TG IR WA o [ I FE i i 25 A
Hhi e (50 pg/mL). P188 (50 ug/mL) 43 53k RE )

— N

S, A FREM R R EIRE M T, P188 LRI
e, SRR A 2, TR I 8 TE TPt el DI E S5 i
WERRK L6 AH [F) O B3 I 18] R AR e R g, (H2 i
W S TR 2R 2 T P o e BB (e Bl 2
BHOHON 1.82%), MIFFEIRE T ERAE 4.5 min
(147 W A W (1 T RRL KT v R 2 T P PR A U - B /D
T 3%, ks H 2 AT o HUH 4% b sERR 2K 2,15
YRR A FVE B R DL AT I AL R (PR B
WIHREIREE 50 pg/mL), BEEEME, 45 RnmHEfR R
CTEIIER R GF, JoAe B4R, AT DUR T oinERR
KOTRR R, g WL 5,

0 2 4 6 8 100 2 4 6 8 100 2

6 8 10 0 2 4 6

8 10 0 2 4 6 8 10

E5 z=AGIEGEE (A). MHERKRZE (B). #A2 (C). P188 (D). MIMIERZ K ZEELAAEEST (E) B9 HPLC Elig
Fig.5 HPLC chromatograms of methanol (A), caffeic acid phenethyl ester (B), propolis (C), P188 (D), and CAPE-NPs (E)

2.6.4 ArUERRLR RIS BN HERR 2% £ B8 X R
BT, o RIFREES 1200 60, 30. 15, 10. 5. 1.
0.2 pg/mL, BEFEINE VAR o DABT Bk B AR,
WETRAR N ARKR, LR RIATTRE, 577 Y=
3.591 3X—3.893 3, R2=0.999 8.
2.6.5 BEHFMBAENE  H&H 3 HFEH
FIEL 2 mg RTINMEER 2 2 B 9K IR B R, 8
F F AT AR JE AR 22 50 pg/mL, HEFEI 2 5k
PRl B RE, AR . /0 E 2 mL DinEER 2K
LRANK IR BRIV 2, LA R AR 415 & 3000
[RIFETE RS O AE 6 000 r/min #5538 250 5 min, X
JEREAMI TR P 0 2 25 R R B AT I R, T
HAER, gERIE 8. A WINHERR 2 ZBa49K IR
B REILT] 50%LL I, ERIAT] 98% L I,
HEIMRL, ARACREEMETZER, BHEY)
Wt Hoth s EgeKki s, HLF8A Bk

FRZ B = KL 2400 R K £

AR = GRE P IR 218 2 B — 7 B AR 2
ZERITRD) FR B R e 2 2
2.7 WNRERR 2K Z BRAMACRL B 40 i 25 e g (16-17)

B SRIRFLIE AN 4T R e E b HE K, A
R E L 10%F) RPMI £ 7% 0K 20 A e 55 541 i
B, ML LX 10 AN ISR FE B T 0

&8 MMHEEK R R ESTIREZAEFEHELER (n=3)
Table 8 Results of drug load and encapsulation rate of three
batches of CAPE-NPs (n=3)

ik WARI% BE %
1 58.33 99.07
2 54.67 98.91
3 53.91 98.31

96 fLEEFRI . FESEER 26 5% CO2. 37 CHJEEFE
FAEEFE 1d, FEEFRI HEMNHERR 2K LR g K TR BT
FIBNHERE 2 28 1 DMSO 7K LA 78 415 75 5L 47
B, 2% 2500, 790. 250. 79. 25. 7.9. 2.5.
0.79. 0.25 pg/mL 3t 9 PNETEIKREE, RN EIKEE
3ANEAL, AN EAL IR . KA E 48 h, W
W 3SR %, BFLIN 5 mg/mL MTT ## 20
uls; W E 4h)5, (F1EE, LN ISR
W ST 2, T RFLISAIINA 200 WL DMSO, ¥J%)
PR 10 min A H 45 G35 S1H AR o A8 P AR OG5 1%
SRR, A PRI A 570 nm. £5 R LI 6,
AT FAMNERR K 1 1ICs0 {E0 23.73 pg/mL, T4
KALTIUMMERR K 2,158 1Cs0 {E4 8.025 pg/mL, P
HERR 2K 2, BE 4N K VR B 7% 4T 1 0 Rides 240 P o e skl 4
F A WIHERR 2K 2L T8 1) 2.95 fi% .
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Fig. 6 Survival inhibition curve of caffeic acid phenethyl
ester and CAPE-NPs on 4T1 breast cancer cells
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