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Preparation and in vitro release of tea saponin-stabilized apigenin nanoemulsion

ZHANG Xu-min, XIE Long, ZHAO Yu-xin, LI Zhi-bei, LI Xiao-fang

Key Laboratory of Standardization of Chinese Herbal Medicine, Ministry of Education, Key Laboratory of Systematic Research,
Development and Utilization of Chinese Medicine Resources in Sichuan Province, Key Laboratory Breeding Base of Co-founded
by Sichuan Province and Ministry of Science and Technology, College of Pharmacy, Chengdu University of Traditional Chinese
Medicine, Chengdu 611137, China

Abstract: Objective To prepare apigenin nanoemulsion (AP-NE) with tea saponin as natural emulsifier, and investigate its stability
and release characteristics in vitro, in order to obtain a new green nano-formulation. Methods AP-NE was prepared by high-speed
shearing combined with high-pressure homogenization technology. The average particle size and polydispersity index (PDI) were
used as independent variables, and the data were processed by the overall desirability value (OD) method. The formulation was
optimized and verified by Box-Behnken effect surface method, and the physicochemical properties and in vitro release characteristics
of AP-NE prepared with the optimal formulation were investigated. Results The optimal prescription of AP-NE was as follows:
apigenin at a concentration of 0.40%, tea saponin at a concentration of 2.0 mg/mL, oil phase (castor oil: caprylic capric triglyceride =
1:3) in an amount of 3 mL; The measured average particle size of AP-NE was (259.5 + 3.6) nm, PDI was 0.103 + 0.005, { potential
was (—35.81 + 0.42) mV, conductivity was (88.60 = 1.00) uS/cm, and pH was 7.37 £ 0.08, solubility was (128.12 £+ 1.35) pg/mL,
drug loading was (5.77 + 0.08)%, turbidity was (99.45 + 1.69) cm™! (n = 3); it was identified as O/W emulsion by staining method,
TEM observed that the milk droplets were non-adherent, uniform in size and spherical; stability test showed that AP-NE had good
stability; in vitro release study showed that the release of apigenin from AP-NE had a slow and continuous trend. Conclusion

Nanoemulsion prepared with tea saponin as emulsifier can greatly improve the solubility and stability of apigenin, and it is a
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potential new nano-formulation that can improve drug effectiveness.

Key words: apigenin; nanoemulsion; tea saponin; high-speed shear-high pressure homogenization technology; Box-Behnken effect

surface method; physicochemical properties; stability; in vitro release

Az (apigenin), MFRAFHE. FHAH, &
— P RSRME BT, K EAFTE T WK R AN E
o BT R R WO VERL A EAE.
AT WS, HRAET T, AR —F AR
P UG 1E R AR P0G TR U4, SR
1M, T AR RAE K IR R AR, BRI AR E N 2.16
pg/mL, HWpididE ks, IR MZR%a KR
4% (Biopharmaceutics Classification System, BCS)
() 10 225415, 7= = s L 1 AR AR 0R) P R ki
ma LI AT R R FE . HET, AT BB R RV
FEREDD R AR A, KEEELBINT M08
U HIF], B G eT), Ghkoprleol, g fAol,
AN ZhoRZEN21, 703141, G et 71 47 7 2 24
BK, K E S Rl e 4 P PR S )

GUORFUAE RN —FB Bk, PSRRI AR 2
IR X3, T DA Fs 2 [ g /K R T, g 2
EUCE MR I R A IR B, ek
HH 2GRV VAT RISy AT BN P R 24 12 I B 1
TRRERUS), SR, A SRR TS PRI 45 il
AP F R ATk T 22 A ba i, sk i A4 06-80
SEPCEEMMEEE. TR, K
A8 F 268 N A = LR FE R DO,

FE AT T2 FHE K 1 T AN S K P R A
DA WLER 3 f i, T Hp A, AR K&
Bt BRI FOCH R A B
IKEH, B, R EEN—MRREE TR
T PR 0718, A AR O S T 22 i Fili 10221
Z . ARSI DL AR TS MEFIAS R LAk 7 )
%ISR AR YIKFL (apigenin nanoemulsion, AP-NE),
BT RR IR AR, IHREA
BERERRIBRE BT RE.

1 {XEEHH
1.1 &5

Agilent 1260 B = 8GR AH A 1% 4, DAD il 4,
F[H Agilent A ; AH100D B B F AL, gk
ATS A%]; NICOMP 380ZLS HY 'tk B il iE 4%,
B PSS R A A ; DDS-11C HYH 53R AL,
pHs-2F pH it, A=A AR A IR A
C25 BUSI0 = M H AL AL, it ) LA 15 &
HIRAF; XMI9007-8 A REIRIRAEAL, BRI

LIGAX B E R AT 80-1 BIBLLYTIERS, VLI IERE
XA R A T KQS5200DE BUE 78 /I T e s,
BT AR ARAF; UV-6100 BYL4M
FEAL, B EIEAAE AR AR JEM 1200EX &Y
SRS (TEM), HZ JEOL A,
1.2 MR

PR ENHEE (JIL'S MUST-21030615, i &%
% 98.03%), WS ZHFFEMBHEAIRAF:
7 (5 GL20201223, FETH 98.30%) A EHK
(k%5 GL20200429, JRE/T%L 90.31%), VhZ/ N
YR ARIE AR 2R HME (CT, &%
). WEERTAEE (IPM, B, AR
NBg (P1, HALZD, IHRMBM TR HRAF;
MR, ERRM . FEE, BN, ST RE L
A RAF WER B, #t'5 20180926, JiE S
$7 98.0%~100.0%, fr24l, EZEFHRFE
B AT RILALEE-80. G (GR 400, MEBTIRNE
AR5 BEHFAE MD34-5m B B A2 T &
8000~14 000D, FHESEFHED R ABRAF -
2 HESHR
2.1 AP-NE §9%i1%&

K H =g B ) 45 G s R 35 2 45 AP-NER3,
R FREUE 7 B TS R JE R, INThAR, S
R TRA . SR ERBUE T 2R EER, A
FETK, AT AR, ENKH. KK
B ONHAR, B THESEN 19 000 r/min BT )
WU BT B D) 2 min, $IAHILAE, KR FLRAE 100
MPa JEJ) 54 R AT R0 6 X, EIf3 AP-NE.

TEAINE ARG 564, 4% AP-NE il 2% 751
fil#%, BN Ageki.
22 HFRZRNE

SRR AT
221 EIEZAE @AiEHN Comatex-Cis i (250
mmX4.6 mm, 5pum); KA 337 nm; BN
0. 1% B2 /K VR (62 1 38); AFE 1.0
mL/min; A% 35 C; #FEE S L.
222 SRRV AR RS RO S =N
M 532 mg, BT 50 mL &EIRH, I EREFEE
Wik, BE, EREZE, W, FHREERE
N 106.40 pg/mL 17732 2550 JE I
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2.2.3 IS IHS FHEEEDUTRZRYIOKFL  Design-Expert 8.0.6 B AEXF OD {347 £ Julal 5 — ik

# (AP-NE) 1 mL, BT+ 10mL &, IAEE
HfE, HA 30 min A FL)E, #E 10 min, FHEEE
7%, FTALIERE S, R IEAE A
23 HESBREHNTE

W51 AP-NE 3 T 3miiit, =iRFHE, ©
WSS = BB VUESILS, WRABZ S,
THE IR IZ R4,

sy Efe¥i=1—H/Ho
Hiw Ho 4350 1o 0 B2 FLIRZ ) e B
2.4 Box-Behnken Mg EAM L AP-NE &7
2.4.1 Box-Behnken W iTiat4 78 Hi A5 R 2 A4 )
AL, PURSRERTE R (XD RERFTEEK
JE (X AR (XD NEmIEER, 737 LL AP-NE
HI~F#k4% (Yy) AT PDI (V) BSTPEIH—1{E Coverall
desirability, OD) AiFifaFr, KH 3 BFE 3 K
(] Box-Behnken 28 HIVEHEAT 40 W 124250, (R 3R
5KV Roige 2 iE 54 R AR 1. T 2 AMEieE
Bt NeGE, Rtk A OD=(dids+*dn)"" LA JZ
di=Ymax— Y)/(Yimax— Ymin) X} OD {HHEAT 5.
242 FUERAUA Kot BT LA EEERE, A

Z i E, 23EIE77E OD=0.83—0.092 X1+
0.030 X2+0.069 X3+0.190 X1.X>+0.200 X.X3+0.013
X2X3—0.400 X12—0.058 X2—0.094 X2, R2=0.978 9,
P<<0.000 1.

T DTSR (3R 2) RUJZHAW) P E/NT
0.000 1, KENZBAAE N, vH T AP-NE [
e T2 BEIRTTRERIGTE RE R4 0.978 9>
0.95, 2B SEIE -5 TR 2 A A71E & BE A DG,
REVERR TN B2 00 25 58 R IR IR E R (Rug?®) =
0.951 8, FRHARE AL AR A4 A 95.18% K T4
SRS PR AR R, SRR ERDN, R AT A
DL R, iz AR T T O A AT AP-NE
(A & T2
2.4.3 WIS T RELLG LR, Sl =
YLV FIZE I, T AP-NE B AER 4005 TF,
455 LI 1. 2% T Box-Behnken i B[] , i# 1 Design-
Expert 8.0.6 HFTRMALAL G RIS AL 7 0 Fr3e 3=
JREST L 0.40%, ZEFRMEIRE 2.04 mg/mL,
FHFH &N 2.98 mL, S ARAC 77 1 OD e 4 0.842.
DA E S5 R IR, LA TT B SO AP TE

x1 WEERERITRGER
Table1 Arrangement and results of response surface test
%5 X% X/ (mgmL) XymL Y/nm Y» OD |45  X/% Xo/(mgmL') XsmL Yi/nm Y OD
1 030(1) 175(1) 240(0) 2522 0.198 0.597| 10 0.30(-1) 2.00(0) 0.60 (—1) 282.7 0.162 0.547
2 0.40(0) 225(+1) 0.60(-1) 294.8 0.101 0.573| 11 0.50(+1) 1.75(-1) 2.40(0) 262.3 0.289 0.000
3 0.40(0) 1.75(=1) 4.20 (+1) 262.4 0.123 0.750| 12 0.40 (0) 2.00 (0) 240 (0) 254.8 0.129 0.778
4 030(-1) 2.00(0) 4.20 (+1) 320.6 0.129 0.263| 13 0.40(0) 1.75(-1) 0.60 (-1) 2729 0.155 0.619
5 050(+1) 225(+1) 2.40(0) 302.1 0.095 0.516| 14 0.50(+1) 2.00(0) 420 (+1) 2745 0.191 0.522
6 030(-1) 225(+1) 2.40(0) 2852 0.230 0.363| 15 0.40(0) 2.00 (0) 240 (0) 253.4 0.093 0.869
7 0.40(0) 2.00 (0) 240 (0) 251.7 0.135 0.779| 16 0.40 (0) 225(+1) 4.20(+1) 2849 0.035 0.756
8 0.40(0) 2.00 (0) 240 (0) 260.0 0.090 0.836| 17 0.50(+1) 2.00 (0) 0.60 (1) 329.1 0.088 0.000
9 0.40(0) 2.00 (0) 240 (0) 252.3 0.095 0.871
&2 OD[EVEHFEHHEED
Table 2 Variance analysis of regression equation of OD
TERE SEFIM amE ¥ FE P | TERE SEFIM adE B Ffi P
B 1.170 9 0.130 36.08 <<0.000 1| X;? 0.670 1 0.670 185.73 <<0.000 1
Xi 0.067 1 0.067 18.53  0.003 5| X2? 0.014 1 0.014 392 0.0882
X2 7.293X1073 1 7.293X1073 2.02  0.198 6| X3° 0.037 1 0.037 1027  0.0150
X3 0.038 1 0.038 10.52  0.0142| ¥%k#%E 0.025 7 3.617X107
XiX2  0.140 1 0.140 38.86  0.0004| K#IT 0.017 3 5606X1073 264 0.1860
XiXs 0.160 1 0.160 4492 0.0003| iRz 8.500X1073 4 2.125X1073
XX 6.611X107* 1 6.611X10™* 0.18 0.6818| MEZE 1.200 16
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g— . 'l
215 gy =045
Xo/(mgmL™')1.85 " 035 X/%

330 g =
XymL 1.50 —~ 035 Xi/%

—045

1 Xin Xov X3 3F OD BN AR il &
Fig. 1 Curves of effect of X1, X2, and X3 on OD value

S3H00.40%, FEERFEIKRE 2.00 mg/mL, JHAHH
& 3.00mL.

244 KTRAFRLE SEMEN TS, 1BE
FREIE R RELTT, FATHIAE 3 it AP-NE, I
5°FH#kifE. PDI Al OD {H 0L N 3. &Ll S
FRIME T, 0B R A — R3320 i [ )5 7
TRIPE R 4F, AbJ7 IO ERAR

F=3 WA (Xts,n=3)
Table 3 Verification test (X £ S, n=3)

Lk $if%/mm PDI oD 18
1 259.5+3.6 0.103£0.005 0.81140.003
2 261.7+£4.2 0.099+0.004 0.807£0.007
3 260.3+2.9 0.105£0.003 0.802+£0.006
25 EUMHRER
2.5.1 AP-NE AR SH] (el FIAME T

JORLPHIL (L0 FUK I Gkl 7 RS i (i)
TEGIATL H 7 B PR St ) W iy oK L I 2 Y 26271

IR AP-NE T 2 S8 o, o Blin & & 0%
B R EEMIS 0, R ER, TR AE
AP-NE 4 U BT 750 T, 3B AP-NE A
O/W RAGK AL

2.5.2 AP-NE BIROUES  BUGEKIL, HZAM
IKFRRE R IE IR, T A SRR N . #
B 10 min 5, FHIEARZEZRIGEE, REIMA
3%MRESERIATR (pH 7.0) 714 90's, FHHIEAUR %
ZRMWR. HRZEKRIG, H TEM 2345078 100 nm
A1 200 nm R~} R W8 AP-NE [0SR, 455
JLE 2, AP-NE 2[RAEKIE, KL, FLEZETG
R, A

253 WAREERINE KA HPLC 0143 AP-NE
PSR IAMRE N (128.12+1.35) pg/mL, 5k
I AR R B A 0 B 44 oK FL PR P2 (34.81£0.25)
ng/mL AHEL, HI0T 2.68 f5; AP-NE “FH#i2hw N
(5.7740.08) %, fEH K (91.324+0.93) % (n=3).

2 AP-NE iy TEM
Fig. 2 TEM images of AP-NE

2.5.4 pH {HINE =R AATTHI ) AP-
NE, Zim NKH pH tHlEM pH H, #=E 3K,
KOFIME, 458N 7.3740.07 (n=3).
255 HWFRANE LR TTH & HEER) AP-
NE, it MRS R KB, 553X,
KRFHME, 45580 (88.60+1.14) pS/em (n=3).
2.5.6 ¢ HAIRIINE  dEEAR AL T A B AP-
NE, SR BRI 2 A0 e L ¢ i, B 3K,
KRFME, 458N (-35.81+0.38) mV (n=3).
2.5.7  MREEIIERS) deE AR AR T £ T 1) AP-
NE, FH&WBUE R MK ILT 50 mL &I+, HE
BS 1 /KHMRE 1000 £, K H 28403 6 6 FE R AE 680 nm
T HE R, HE 3K, RTPIME, KA
1 cm, AT EAFIHME R (99.45+1.69) cm™!
(n=3),

=v/l In(Zo/)=v/l In(1/T)
TR, GRS v ARl oRGER S IR
FEFS IR B S s IR, 1 9B i e IR
BEEDE R EISRIE, T RERR
26 BLREMER

Pt A 4% T2 M1 % 2 4B e AP-NE, 14
R T AR RGO, T AN A
FIZE BRI . EiR THEHRI 8 mL 5
OEH, E 4000 r/min T &0 60 min, WEHIKIL
PAPIERS, PAEOET. FROGE (4) ERAR1L
RAEHEOREN, THEBEOREREH (K P,
2.6.1 SN BLEEREIR AP-NE R A
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—IRE, RRAERSE. B4, M SHHANER,
W AP-NE FaetE R 47

2,62 K {HMTHE FmARALT7 & AP-
NE, FEORIMEFLIRT A B2 4o BOJE
€ FIBWRI A EICH 41, FATIE 3 k. R4~
K=A1/Ao VW5 K8, KEHERA, FRIFEORE MR
IF. BOREEgRIE 4 P, 1THEOREMH
WO T 4, FW AP-NE 7£ BB O%& M &
B MR, Bofet R, BAAE
BRI Em PRI .

x4 BLREMER (Xts,n=3)
Table 4 Results of centrifugal stability (X £ S, n =3)
Al Ao A K%
I 0.479+0.001 0.46510.001 97.08
II 0.3524+0.001 0.25610.000 72.73

27 BEFABREMER

Sy 5HI4% 2 40 AP-NE, 120Dt T 4%
(1] AP-NE, I1 4 A I FLAL 74 B2 25 1) £ 1) AP-NE,
AT 4. 25, 60 C, (4500+500) Ix )24 FasE
PRI i E 20 d BLE, 2 BIFESS 04 5. 104 15,
20 RIFATHREE S, AT EA FIR RO IR %44~
FAkifE. PDI. M. SEBMR. AWDEE
&S HB

K5 W T NGUKIL G JZTa 508 b A BE I AR

SEPESE R A AITEE H, TN IS KFLAE 60 C
TRAE 20 d JE 73 R TR EO RGN, 70 ik E] 2.86%-
14.26%, H. 2 HAPPKIAEREAF 20 d J5 70 21502 1k
BHEBIN 60 'C>25 C>5>4 C. 5i4h, T4
K FLAE RO RSN 25 MRS E VRS

#5 A RIEEFENKXT AP-NE K5 BIEHAFN (X5,
n=3)

Table5 Effects of different temperature and bright light on
stratified index of AP-NE (X £ s, n=3)

1 4055 6 50% 1T 4855 e 50%
v 4°C 25°C 60 C 5% 4 °C 25 C 60 C
00 0 0 0 0 0 0 0
50 0 022 0.16 075 147 214 191
10 081 132 171 074 1.8 185 397 3.87
15 091 176 2.11 130 4.86 6.86 1143 821
20 1.69 194 286 1.79 852 1205 1426 10.95

£ 6.7 3 AR T ANF RS 23 6 2 ZHYK AL
MR R A AR o R AR
WA MKW, fERAETTH L, BR60 CHh, THYIK
FLRAEA R E RTE 260 nm £ 47 F25E 20 d.
XATREE ¢ HLAL AR v ELE e 0 45 2% D) AR
K, AN FEERZ R 7 DLER R R A E P
1M 11 4R A RIFE B g 34, Hid 60 C
HIGK A, 75 20 d 5 RIS K 205 £ 26.67%,

#6 TEIREMBAN 1H (HFER) AP-NE REMMH (X£s,n=3)
Table 6 Effects of different temperature and bright light on stability of AP-NE (I) (Xt S, n=3)

$if%/mm R /em™! TR Y%
v 4°C 25°C 60°C @K 4°C 25°C 60 C SR 4°C 25°C 60°C ¥
0 2590 2597 2592 2594 99.82 10093  103.21 99.82 0 0 0 0
5 2607 259.8 2639 263.6 91.02 12443  118.78 96.51 5.97 251 17.55 2.18
10 2613 2611 2655 2617 88.83 11653  103.14  115.41 8.81 545 2326 1022
15 2617 2614 2688 2696 97.61 11429 10759  125.03 12,67 1559 3933 12.29
20 2629 2642 2775 2674 9321 12330 14041 12330 1726 1859  40.83 10.28
®7 TRIREMBEAI NH (NSHRER) AP-NE REMNEM (Xts,n=3)
Table 7 Effects of different temperature and bright light on stability of AP-NE (II) (X £ S, n =3)
Fi4%/mm M /em™! FERBNER/ Y%
v 4°C 25T 60°C mk 4 C 25°C 60 C PRI 4°C 25°C 60°C kg
0 4147 4160 4222 4196 27050 27181 27181  270.50 0 0 0 0
5 4162 4183  432.6 4207 30111  310.61 316.08 313.34 6.97 822 2194 7.62
10 4206 4205 4567 4353 34390 35098 35098  348.14 3473 3801 5127 4236
15 4212 4254  480.0 4409 279.71 26527  251.03 26266 5247 6028  69.19  56.35
20 4569 4612 5348 4712 21816  221.89 19480 219.40 6730 6559  73.07  62.54
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KRR RPIR BRI FATRER R, WERE
Tt s, A FIs s AN, K TR A A
BRI LR, MIERAINR, mMASRTUE
R SR = BT S SRR R P R A

WEEJTI, 3R 6 FTLUE H, THAPKIAAE 4 C
25 CHAEN, GUEKFLIB A0 A B G A7
A (P KT e A 384k, T 60 C AR I T
TR BRI S, FERAF 20 d 5, B
KR IR B 34.55%. X ] RE & TR SRR T
B WA AZ I 8] 2 T BT K i 1 e A RIS A1
AR ), SRR N, FLRE RVEM,
A FEE M.

e AL, 2 E T TR K ARG T T 2 [A] 2 [)
HeRe, ATy iR BE ST SR 4500 1 1T ZH 9K AL
AT MR BB R RN S, XAl
AR FLAE AT A T A EE AL, KT
() AH ELAE SR A, B R AV, SR,
Ak BB AE AT TR 23 R R AT A58 BH B 1K
MR, teAh, SRR FBRG, ek, 2
HYKILAE 60 C FETE 20 d R RS R INALL
R ET 4 CH25 CH&M FRIAILZE, H1 4
K FLIE RS FHETE 15 d JR& B R Kk 5]
50%LA Fo 25 BATR, R E IR, 14
KRITES WA T & DB RS T 14, RIS
R UE— SR E LRATE AR IEER,
HARIBBIFE 25 CLLNRAE. Boh, HKEHR
FUAL IR FLIRAE SR 26 , FBE2 [] % I B AR
BT R, BENZOR IR RIEZAA I T
NFEGE .

2.8 FEEAfEGRREMER

FARAL S5 WAL 7 AT £ 3 #UHTEER) AP-NE,
FAERRATF 40 d, 7 HIFEEE 04 5. 10, 15, 20,
25. 30, 35. 40 KiFHATHUFEE SR, DIKifE. PDI.
WEEL ¢ AT Z FE B R AR AN FL R AR
EPE. 40 d FE RS E DRSS Rk 8 fiR. 45R
FH,40d WX B RILK AP-NE BA RIFHIRE
PE, 75 40 d MIREAE A A I B 15 2 . Rt
FRELATEIR . KRk E 5> HIREFE 260 nm
A1 105 em™ /245, 1M PDI 4R4K4E 0.09~0.15 350

BEAh, AL RECRAE T FLIRURE 4 38 T FELAT o
EAHE S SRR T2 MHEF ), XATRe St m
ZH RGN, ¢ AL LA R
YEFFTE 33 mV 40, X ARG YK FLIBAR R EEE 1)

8 AP-NE 7£ 40 d HHURI{E. PDI. ¢ EACFIREATTL
(Xts,n=3)

Table 8 Changes in particle size, PDI, { potential and
turbidity of AP-NE within40d (X £s,n=3)

T T PDI ¢ HAL/mV M /om™!
0 2598  0.105 -35.97 106.51
5 2550  0.122 -32.22 102.05

10 2602  0.095 -32.95 108.78

15 2619  0.101 —34.50 103.53

20 2668  0.145 -32.19 108.97

25 2604  0.128 -27.08 108.97

30 2586  0.142 —29.41 105.56

35 2660  0.106 —32.50 109.91

40 2630  0.143 -32.55 109.26

29 RIMEREEER

FEHWEL AP-NE 5 mL, BT IT1iE
Mraeh, FEMTRWIIm A R T E E, DARERR SR g% i
W (pH 7.4) F 1%%F 11 A4EE-80 F/EREBA I, S8
JETINEEA 50 mL BB JoT R oedt o, BT AR e 4
BN CATE 5 [RJ s D723 2R00) Bt P A oo e
fE 37 CHIMEIRE T, FHAERE RS LL 100
r/min FHEE I FERERE 3 do 05T 0.5 1. 24 3. 44
5. 6. 7+ 8. 10. 12, 24. 36. 48. 60. 72h KM
IR EUH 2 mL BT, b e SRR S = (R
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Fig. 3 Cumulative release rate of AP from coarse drug
solution and AP-NE in phosphate buffer saline (pH 7.4)
containing 1% polysorbate-80 (X £ s, n=23)
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Table 9 Kinetic model of apigenin in AP-NE release studies

AR Tt R2
RN 1% 0=0.760 t+15.405 0.807
— R H) 1% In0=54.616—0.093 ¢ 0.933
Higuchi 0=17.273 1"24+4.062 0.940

Ritger-Peppas InQ0=0.402 Int+11.350 0.955
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/¥ . Higuchi Ml Ritger-Peppas HEAVIRIT L& 1 5L
SRR, FIKARBAE 0.940~0.955, FHZ5HMgh
KFLI R TBGS e 2 ML, BIAn483 (n) /N T
0.5 MIFE R BLAIC . MAZRE O 7 R B, 7%
BRIEM AP-NE [T 208 22 B =, AT A
TE BRI 8] 3 R FEIR TR
3 g

MR RE 53R A3 7 AN [FPR 1) 2% oK FL IR 7 v
I3 AR REFALIE R A FLATEDY, ARSI HEHR 1K
MmRediiE, BV EnEBYI4 & SRS mRE AR, B
FRARFIME LA B 2 AN & AP-NE, DU
HGE TR R SRR, v IR IR BEAR AN 25 24
AFRE R, HARTA B HZAE N RIRFUALFE
FREE T3 RGN FLIWE 7 BH 5L R ] AP-NE T
KRN (128.124+1.35) png/mL, 5%
FEK A IEARRE 2.16 pg/mL A EL, B80T 58.31 fi%;
55 AR B X B LR (34.81+
0.25) pg/mL ALk, ¥EINT 2.68 f5. BAh, RAMEE
BORIE KB AP-NE W4 Bh T XG5 A3 & 10 iR
VIR

TR AR 2 MG b, AR SRR IR DR A
R T, BB A RS, 1 HR %
BHRPRAAEAFFE R LOLT A, RWIFERATL
fE— T AR FIRENAKIBAIER . T 4,
JeRE MERER R ], FESRIEIUR (450045000 1x
FAFT AP-NE & B AL R AR FFAEE 5 i AR 2 Pk
KW, wid 60 CREFLB Y EIRE BN
B R ARG, MREKT 25 CHfs
PRITCH R, YEIPKR IR EFAE 25 "C LA
NRAE. Tk, RERRE PUKILRAE 40 d W
fili A A e PR R -

SRS, AR 7R B R N RARIAL
AT FE 2N K FU R AL B AR AT 25 ) 3 3R (A HT g
P, (HRBRN AWMV EN, DLESIFIT
LA TERR A 2RV /it — PO

HBEAR PAEHFARELEF YR
SE R
[1] Byun S, Park J, Lee E, ef al. Src kinase is a direct target

of apigenin against UVB-induced skin inflammation [J].

Carcinogenesis, 2013, 34(2): 397-405.

[2] Huang C S, Lii CK, Lin A H, et al. Protection by chrysin,
apigenin, and luteolin against oxidative stress is mediated
by the Nrf2-dependent up-regulation of heme oxygenase
1 and glutamate cysteine ligase in rat primary hepatocytes
[J]. Arch Toxicol, 2013, 87(1): 167-178.

[31 WuDG, YuP, Li ] W, et al. Apigenin potentiates the
growth inhibitory effects by IKK-B-mediated NF-kB
activation in pancreatic cancer cells [J]. Toxicol Lett,
2014, 224(1): 157-164.

[4] kiR, D7, KL S TSR AR IR I % L
HAENT BB PR e 0. B2 50K,
2022, 13(2): 21-27.

[5] Zhang JJ, Liu D P, Huang Y T, ef al. Biopharmaceutics
classification and intestinal absorption study of apigenin
[J]. Int J Pharm, 2012, 436(1/2): 311-317.

[6] Al Shaal L, Shegokar R, Miiller R H. Production and
characterization of antioxidant apigenin nanocrystals as a
novel UV skin protective formulation [J]. Int J Pharm,
2011, 420(1): 133-140.

[71 Zhang J J, Huang Y T, Liu D P, et al. Preparation of
apigenin nanocrystals using supercritical antisolvent
process for dissolution and bioavailability enhancement
[J]. Eur J Pharm Sci, 2013, 48(4/5): 740-747.

[8] Das S, Das J, Samadder A, et al. Strategic formulation of
apigenin-loaded PLGA nanoparticles for intracellular

trafficking, DNA targeting and improved therapeutic



FED 20226F 98 $53% B 178 Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 17

* 5355«

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

effects in skin melanoma in vitro [I]. Toxicol Lett, 2013,

223(2): 124-138.

Wu W W, Zu Y G, Wang L, et al. Preparation,

characterization and antitumor activity evaluation of
the

Drug Deliv, 2017, 24(1):

apigenin nanoparticles by liquid antisolvent
precipitation technique [J].
1713-1720.

Shen L N, Zhang Y T, Wang Q, et al. Enhanced in vitro
and in vivo skin deposition of apigenin delivered using
ethosomes [J]. Int J Pharm, 2014, 460(1/2): 280-288.
Zhai Y J, Guo S S, Liu C H, et al. Preparation and in vitro
evaluation of apigenin-loaded polymeric micelles [J].
Colloids Surf A Physicochem Eng Aspects, 2013, 429:
24-30.

Ding B Y, Chen H, Wang C, et al. Preparation and in vitro
evaluation of apigenin loaded lipid nanocapsules [J]. J
Nanosci Nanotechnol, 2013, 13(10): 6546-6552.

Kim B K, Cho A R, Park D J. Enhancing oral
bioavailability using preparations of apigenin-loaded
W/O/W emulsions: In vitro and in vivo evaluations [J].
Food Chem, 2016, 206: 85-91.

Zhao X, Wang Z N, Li X P. Preparation, in-vitro release
and antioxidant potential of formulation of apigenin with
hydroxypropyl-p-cyclodextrin modified microemulsion
[J]. J Inclusion Phenom Macrocycl Chem, 2016, 86(1/2):
93-102.

Shakeel F, Faisal M S. Nanoemulsion: a promising tool
for solubility and dissolution enhancement of celecoxib
[J]. Pharm Dev Technol, 2010, 15(1): 53-56.

Long J Y, Song J W, Zhang X M, et al. Tea saponins as
natural stabilizers for the production of hesperidin
nanosuspensions [J]. Int J Pharm, 2020, 583: 119406.
PE, VRS, #ER. HEE TRIIEEAZRER
IR FCE R [J]. GRS & Dk, 2011(2): 43-46.
WRKYE, R, RIRE. KR ATRIA St
e EAIE [J]. AREIKFE, 2010, 32(2): 14-17.
Deng M, Chen H J, Xie L, et al. Tea saponins as natural

"
o

emulsifiers and cryoprotectants to prepare silymarin
nanoemulsion [J]. LWT, 2022, 156: 113042.

Ma M J, Yuan Y K, Yang S, ef al. Fabrication and
zein/tea composite

characterization  of saponin

nanoparticles as delivery vehicles of lutein [J]. LWT,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

2020, 125: 109270.

Sun Y, Zou M T, Li C Y, et al. The solubilization of
naphthalene using tea saponin as a biosurfactant: Effect of
temperature [J]. J Mol Lig, 2021, 335: 116475.

Yuan Y K, Xiao J Z, Zhang P Y, et al. Development of
pH-driven zein/tea saponin composite nanoparticles for
encapsulation and oral delivery of curcumin [J]. Food
Chem, 2021, 364: 130401.

B, Z/NTT, XD, A BB AR IR &
Je R R AL (7). L2, 2019, 50(10): 2312-2318.
Song J W, Long J Y, Xie L, et al. Solubilization and
changes of physicochemical properties of baicalin by
nano sponge, and toxicity of zebrafish liver [J]. J Drug
Deliv Sci Technol, 2020, 60: 102003.

W, 220855, Wik, . Box-Behnken ZN IR
R B8 F /N BE BB - 72 SR DU 24 ) KL (R 4k T7 T 2t
7 [J]. REZY, 2021, 52(6): 1614-1622.

I3, FRICTE. O/W LR T35 B 9K S A i 46 K ot
BN [J]. T EZIT, 2017, 20(4): 668-673.

TRIRIE, 20T, Wile, & RS- EVE R AR
THERR BRI LIRS BRI [J]. e
74, 2020, 51(12): 3180-3186.

Liao Y M, Zhong L, Liu L N, et al. Comparison of
surfactants at solubilizing,
nanoemulsion of hesperidin [J]. J Food Eng, 2020, 281:
110000.

R, SEEE, BREE, SE. WA AN Ze R K
WA EE MR [J]. & &R, 2017, 4209):
238-242.

Saberi A H, Fang Y, McClements D J. Stabilization of

E-enriched

forming and stabilizing

vitamin nanoemulsions: Influence of

post-homogenization cosurfactant addition [J]. J Agric

Food Chem, 2014, 62(7): 1625-1633.

Sari T P, Mann B, Kumar R, et al. Preparation and

characterization of nanoemulsion encapsulating curcumin

[J]. Food Hydrocoll, 2015, 43: 540-546.

Gadkari P V, Shashidhar M G and Balaraman M. Delivery

of green tea catechins through oil-in-water (O/W)

nanoemulsion and assessment of storage stability [J]. J

Food Eng, 2017, 199: 65-76.

PREEME, T8, B4R, 5. UKL it e 5

TERBRME 1], MERHSAT, 2020, 45(3): 79-83.
[FriEsmst  ARALaE]



