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# E. BE ACTBEEILREEE (butyryl galactose ester, But-Gal) 445 T BEFFUBHEE A6 i3 B 41013 (butyryl
galactose ester modified coix component microemulsions, But-Gal-CMEs), X} HIEATELL M RPN RIS UM RS E .
S5 CRJUREHELEA K But-Gal, JFiid '"H-NMR 5 FTIR A H AR TRME. LEESA M ahAl, B A0 Bk
(Cremophor® RH40) KL, PEG400 ABIFLILF, But-Gal Jo Fye 40 MUSE RO, 3500 28V Wk KA, 7K 5 1
L, Mo Bk, HAFIES. i MTT U A5 (CMEs) 5 But-Gal-CMEs X g 4ii il HepG2 4
JEEAE: DIRREIRIOEHR (FITC) AFOGHRE, HB7O0EE BB W% HepG2 M MAMBIAT A, R &
'H-NMR 5 FT-IR RAEAGIA T 1 FURE R 4544 5 ¥ vh— 20 149743 But-Gal-CMEs SMIUE A 42, SFHpRi4E 4 (57.68 £6.65)
nm, Z3HdEE (PDD 25 0.070+£0.006, Zeta FLA7 4 (—2.95+0.23) mV. MTT %% W], But-Gal-CMEs 5 CMEs %} HepG2
1 BB 5 PR B HIR B (ICso) 2291k 62.55. 71.23 pg/mL. HepG2 4 Mot 45 5 R But-Gal-CMEs 41 f175% 6 1 3 i T
CMEs 4. £t  Jrifil# 1 But-Gal-CMEs kiff ), AMWIAAE, e tklf, But-Gal 2340 HepG2 X7 CMEs 4 futdi, 3
s H X HepG2 A Al #/EH .
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Study on preparation of butyryl galactose ester-modified coix component
microemulsions and their anticancer activity in vitro
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Abstract: Objective To synthesize butyryl galactose ester (But-Gal) and prepare butyryl galactose ester-modified coix component
microemulsions (But-Gal-CMEs) and to evaluate its physicochemical properties and anticancer activity in vitro. Methods But-Gal
was synthesized by enzyme-catalyzed reaction and the structure of the product was confirmed by 'H-NMR and FT-IR. The CMEs and
But-Gal-CMEs were prepared by aqueous titration method using coix seed oil, Cremophor RH40, PEG400, But-Gal, and coixan
solution as oil phase, surfactant, cosurfactant, target ligand, and aqueous phase, respectively. The average particle size, polydispersity
index (PDI), and Zeta potential were detected by dynamic light scattering (DLS). The cytotoxicity of CMEs and But-Gal-CMEs aganist
HepG2 cells was determined by MTT assay. The cellular uptake of CMEs and But-Gal-CMEs was detected by fluorescence
microscopy. Results The structure of But-Gal was confirmed by 'H-NMR and FT-IR. The But-Gal-CMEs displayed the spherical
surface with mean droplet size of (57.68 + 6.65) nm, PDI 0f 0.070 = 0.006, and Zeta potential of (—2.95 = 0.23) mV, respectively. MTT
experiments showed that the half of HepG2 cell proliferation inhibition concentration (ICsy) of But-Gal-CMEs and CMEs was 62.55
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and 71.23 pg/mL. The HepG2 cell uptake results suggested that the fluorescence intensity of But-Gal-CMEs group was higher than that

of CMEs group. Conclusion The But-Gal-CMEs presents small particle size, good roundness, and good stability. In addition, But-Gal

could increase the uptake rate of CMEs in HepG2 cells and enhance the inhibition of HepG2 cell proliferation.

Key words: Coicis Semen; butyryl galactose ester; microemusion; cytotoxicity; cell uptake; antitumor activity; enzymatic method;

aqueous titration method; fluorescein isothiocyanate
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S TV R ) 2 T 2 ) 425 4 L 48] 4 1 — e
B B, HAD ek ik R, ok
e/ FREVELF, BRIk X P 25 1 IR
AR { AT DL S oA LA, far 4
RZ =, Hl8s T EUATIh-RZE =i L, A
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SEEGA A A TR S A 20 2 R S
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e E A A AL PR, AR A
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T FLRENE (butyryl galactose ester, But-Gal),
IR HAS M CMEs, XMEMM 5 1) CMEs [ 3461 T
T ARSI IRIE TEREAT T M, b mh
2022 Y Gy PR 3] (4 AL PR v P K B R R
PESZIGAR IR -

1 UE5HH

FA2104 85532 R, B RAPAGEAR AT
PRy w]; Nano-ZS M Ly /R SCRARINEAL, ke [ /K
A s Nicolet 1S-10 7Y A HL iy A% 48 21 41l 3%
(FT-IR) 4%, SEFEFRERIEM/R AL A 7] ; JEM-2100
RUOFES WL RAEE, HA JEOL A7) Bruker 500
MHz B IARAL, i A& v A w] ;. ZEISS BIE
W, RO ER A S A IR A F] ;. HERA Cell
150 CO, HiFeff, FEIPLEH]; BEbr, F[E#
A Cytation5 40 LSS AL RS R 48, 61
HEAES AR A .

Novozym 435[] & A IEINTHE, PR asib TA7

BT TR OIS, FE Rt AR DU RH AT R
wly D-(H)-FFURE, B2 PR A PR A
OP-10FL4b5, gAML RFIE R A KA
LIFEAE BRI (Cremophor™ RH40), 7% [EBASF
N L THE400 (PEG400), [ 2454 FIAL 4R 71
HIRAR; TILALEES0. 20, ES AR EAL Tt
J s BEWATH, B, I FAEEGEIS,  BUSH
=PRI R BON86.67%; WA 2, Adl, h
R AR I 2 K BRI DTS, DRI T
JE4976.63%; A/, BUMNPUZET A4 TR R
HBR AT ; RPMI-164055 7855 . R B 11 4 90
GIBCO~ ] ; —HIIEWAN, R Rt b4l R A ]
DY IR 50t (MTT), SunShine/Aw]; S &
FNE (FITC), KA HRHEAR A .

NI HepG2 41 Bk, W 1T rh B RL 2 Bt
AR B AR A S A A P E TS
2 HEE%R
2.1 But-Gal B9 B 5 RE""

FREX 2.0 g Novozym 435 [&] 2 AL BRI,  WF4,
5 1.5 g D-(H)-FFUBER 3.0 mL TR MR, JLE
T 100 mL [BJEHH, MALLAS PR 50 mL,
5oy yiiiGaE, 60 Cuhd, [FIA 15 ho KB plr=
YIHEAT TLC 20871, FFLARERRFEIE,  DAAT k-
TR e (12 0 1D RUelBirveil, 2itbr=4). But-Gal
LRI 1, i FT-IR A2 "H-NMR % H45#)
HHTEE. FT-IR. 'H-NMR 45 8 W& 2 5K 3.

FT-IR: 7 3 428.11 cm ' Ab /& F2 BEF 45 4R 5
W, 7E2 917.61. 2 849.96 cm™' AbAg HIFLAN L
LRI, 1 736.70 cm ' AbJEERFEIFFAEIE, T
£ 1 600 cm ' AEANTEAE T IR L B A B (RO R A 06,
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1 But-Gal BI&E XLk
Fig.1 Synthesis route of But-Gal
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2 But-Gal 89 FT-IR
Fig. 2 FT-IR of But-Gal

[0}

3 But-Gal B 'H-NMR
Fig.3 H-NMR of But-Gal

PRV AERK T But-Gal.

'H-NMR (500 Mz, CDCl;) 1, 60.89 (3H,t,J =
6.0 Hz, 1-CHj), 1.62 (2H, m, 2-CH,), 2.01 (4H, s, 1,
2', 3", 4-0OH), 2.32 (2H, t, J = 3.5 Hz, 3-CH,), 3.5~
4.5 )&k D-FFLBE I C-2), 3, 4/, 5, 6'hL 5T,
5.31 (s) @K D-F-FLREHIC C- 1" it o 4k
0 0.89~2.32 WbH TR LIGHE £ FH [)-CH,. -CH3
Fi 755, 1F 03.54~451 kb5 5 D-2FILBEHHL
(10, $RIRIN A T But-Gal,

Wik FT-IR 2 "H-NMR 23087, 23 B e 2 ),
A FURE C-6' N PRI R A TR N, TS =
But-Gal.
2.2 CMEs &7 g it 5k
221 th=JoMEIMIZH]  FIAH S LA
JE L (Ko {E)D) FREUREA AT (Smi)» #ET1HEHE
A, B E TS RAIVERI Ry 1
9,2:8.3:7.4:6.5:5.6:4,7:3,.8:2
9L, MANEUAM, TR MRS, 1B
¥ T L 240 mg A 2R T AN FRARR R 251
IR ZKAH B R Nt S 2 K
W, ELRY RS B L, 2 LIRS LA

B, B O 2K D = oA 3
AN, B2 2 Aoy b, L
T I R PSR NGBS DX L R BRI LA A
TE ST AR BT A7 Lo, B2 H Origin 7.5 S F2 0y —
JCAHIE, i s X B ALK
222 FUbIRLERE  DUEE 0. PEG400 A1
FLotAH . BhFLARs], 20 i R AL R 80, RHA40.,
OP-10 LA 1L A41E 20 1B FLAk 7], TREIIA)E,
FME YA 2P, MEIR R, 2k
—JuME. 4R E R, Ll RHA0 7E A FLALHIBT £33
FL AR R, HC E 1L ALEE 80, OP-10 551l
A4 20 FTHELIX AN, 3] RHA0 B F) T
TEFLIE G, R e A FL A A8 RHAO.
223 BFACHIMER  BDUEDUS. RH40 4T
FLAH FUGH, 3l iB i ORE. PEG400 LA AL A
TEEAE B, REYSE, WnES 2R
KW, BRI, Z8th —JoAHE . 458
B7R, L PEG400 1A B FLALAI T4 3 FLIX A 5
K, UK B, N EERMFLX A RN, R
PEG400 AR THFLIER PRIt s I ik
724 PEG400.
224 Ko fAFE  ARYE L EIREm by, DL
WA RHA0 A FLAEF]. PEGA00 kLA
BUACZ KB KA, e R KnfH 10 1.
201,301, KL 2 O — oA E
SER TR, M Ko (60 3 0 1 T AL IX AR B K,
201N T 301, 11 NS AR DN, %
WIFLAGR S B FLA R R B e A 3 0 1, DRI e
K fih 301, WK 4.

A FIRAFTTE R, #iE CMESs 4bJ5 b # WA~
71 200 mg. RH40 150 mg. PEG400 50 mg. &1
ZWE 240 mg W TKAH, Pl & TR T AT
g, HHIEW
2.3 CMEs X But-Gal-CMEs #I|&
231 CMEs #1414  Hl 150 mg RH40.50 mg PEG
400 T PRI, )45t 2.5 h, JRA) J5 N 200 mg
WA, PGP 25 h RS, Bl 2mL B
LMK (120 mg/mL) Ky7KAH, 7K 5E 1 %%
CMEs.
2.3.2 But-Gal-CMEs ifil% I 150 mg RH40. 50
mg PEG400 15 32 mg But-Gal ‘& T-PH# T, #i
Ptk 2.5 h, JRAIE N 200 mg B, FERL R
P25 h B4, L2 mL #FYA- 2RISR (120



¢ % Chinese Traditional and Herbal Drugs 3f 46 % 28 18 # 201549 A * 2699 *
Kn=1:1 Kn=2:.1 Kn=3:.1
0.25 0.25
0.75 0.25 0.75 0.75
KA
/\ smix /JOH;! smix Smix
0.75 0.25 0.75, 0.25 0.25
0.25 0.75 0.25 0.75 0.75

e g el

e g el

M-TEX G-BERX

M-microemulsion area G-gel area
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Fig. 4 Pesudo-ternary phase diagram of But-Gal-CME:s at different K, values

mg/mL) /KA, 7K & %4 But-Gal-CMEs.
2.4 THELFRIE

Ky IR SCHOG UL LI B A, A S35 N
%&£ CMEs 5 But-Gal-CMEs [{*FEERi4E. 20 s
% (PDD Fl Zeta HAfZ, Z5FWAER 1. [FIRHEA
Formvar SCRF/BE I P 5CT- 58 b, 7R B m gl
FLW 13, 2UAMT RIS 5 min, FRREIN 1% 054
% 13, AT 10 min, & T JEM-2100 %3 5}
ML RS L AP o &5 R B om T il 46 1)
CMEs 45 But-Gal-CMEs 4N [ 3%, 7 #3441 (& 5D
2.5 But-Gal-CMEs Bifa &4 #52
251 FBEARSEVER M BUUEL 1.0 mL, 43
FHZE /K B A B ER AR HAORE 104 204 504 100 1%,
WE ORI PDL. &5 LK 2, MR tdFLRise
TG i R 5

x1 WAWFRIZ. PDI 5 Zeta AL
Table 1 Average particle size, PDI, and Zeta potential of

microemusions
2H 51 Sk Af/mm PDI Zeta FBAL/mV
CMEs 63.04+6.83 0.106+0.008 -0.168+0.340

But-Gal-CMEs 59.68+6.65 0.070+0.006 —-2.9504-0.230

5 CMEs (A) 5 But-Gal-CMEs (B) HiESTrBiEE
Fig.5 TEM photos of CMEs (A) and But-Gal-CMEs (B)

x2 TRBBRNBRMNMFAZRFE
Table 2 Effect of different dilution media on mean droplet
size of But-Gal-CMEs

MR Jot Frf2/mm PDI
J 59.68+4.34  0.12940.011
A B ERKHRRE 10 £i% 57.06+£3.35  0.125£0.009
A B R KRR 20 % 56.63+3.97  0.106£0.008
A B8 R KHRRE 50 i 56.02£3.55  0.131£0.007
AR B KRR 100 i 54.64+£3.26  0.098£0.007
UK FRRE 10 i 56.54£3.27  0.135£0.008
UK IRRE 20 i 5596+3.62  0.12740.010
UK IRRE 50 i 5545+3.17  0.110%0.008
ZRERKHFEE 100 % 5537+3.24  0.095%0.006

252 S OXRREMER M BUEEL 1.0 mL
FEOEF, L 13 000 r/min (K38 250 30 min,
METAFLAN o &5 L B 7R BT ) 2% S PLJE W 5 R R
S IEIE

2,53  JRCEN R AR ETERI R TELYE 4 CHI
25 CIE&M FRAE LA H, MBI 4R 8
IR LG W R B 4y 2 IS

2.5.4 pH XAEVERREM  HUELRE R 7 4
It 2g pPi T pH (E 2> 714 2.54 3.0 4.5, 5.0,
6.5 Fll 7.4, A LML AS IR A FF 00 2 P 3 RiA%
ZERILE 6 KK 3, fEH SR pH M THEFLIRRAR
TG b 2k 5

2.6 {RIMABPETEMEER

2.6.1 4ifurEsE MWBAEGETIH HepG2 4114
A, REET 37 CHEKBPMRE, EokB
AT, N CRECHIFI A 10% FBS ) RPMI 1640
BRI, AT IS 24l ssssft, 137 C.
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~ pH=25 CpH=3.0  pH=45 %4 CMEs # But-Gal-CMEs /£ HepG2 £l 48 h #4940
i. ol TRasii B (X £5,n=3)
) ! . : | . 2 Table 4 Inhibitory effect of CMEs and But-Gal-CMEs on
il HepG2 cells at 48 h (X £s,n =3)
100 100 1 155
- e R (ugmL ) Hib /%
= = = o A
pH=5.0 i pH=7-4 CMEs But-Gal-CMEs
7.81 2.4940.67 8.9440.73"
15.63 9.95+1.02  16.00%+1.24"
31.25 1443+142  1641+2.36
62.50 51244152  55.88+2.54
6 RFl pH f&T But-Gal-CMEs #0583 5518 125.00 66.1422.67  68.06:£2.55
250.00 90.05+1.32  88.714+1.97

Fig. 6 TEM photos of But-Gal-CME:s at different pH values

&3 7AFE pH ETHFAKEZES PDI
Table 3 Particle size and PDI at different pH values

pH 18 B /mm PDI
2.5 62.58+3.24 0.120+0.011
3.0 64.70+3.64 0.135+0.012
45 65.20+2.86 0.140+0.009
5.0 64.85+3.18 0.118+0.011
6.5 63.75+3.09 0.125+0.010
7.4 63.45+2.78 0.128+0.012

5% CO, (1) UG LA i B 57 o IR 4, 2~
3d AR, HOWEAE K AN i TS5 .

2.6.2 MTT 286! eend HE KU HepG2 A
JFRE4NAE, % 10% FBS [ RPMI 1640 5577551
H A RO T A 1 X 10° AN /mL, 3R+ 96 FLAR
BESLINA 200 puL 41 &K, & T 5% CO,. 37 CHi
TR G SR 24 b ATICIGRE, X IRATIE R 5595, X IR
M5 T RPMI 1640 ASEadigidl, Hdls 1
CMEs 5 But-Gal-CMEs ( LU W=yl i =ik o4y
WA 7.81. 15.63. 31.25. 62.50. 125.00. 250.00
pg/mL), FEANTRIKRAEI B 3 NS, A5
YEFT 48 h, & IERSFERT 4 h IIA MTT (5 mg/mL),
10 pL/AL, BEFRdm a5 bRk, A1l
A 100 pL DMSO ¥, FERIGEERE 10 min J5,
KA ARSI 492 nm AL S AL EE (4D {H. I
FIF 23 SCTH 5 25 0) 2 i (0 184 BE A )4

HR 4 41 p 3G s k% (R 4) R CMEs.
But-Gal-CMEs i HepG2 4l Jitd 384 5 1) - 541 il
[ (ICso) 20k 71.23. 62.55 pg/mL. {55 A
SR 7.81. 15.63 pg/mL I, But-Gal-CMEs
5 CMEs Lk, But-Gal-CMEs %} HepG2 4l Jfil 145

5 CMEs A H#: " P<0.01
“P<0.01 vs CMEs group

(R IE H 2 258 T CMEs.

2.7 HepG2 {AREIRENSTIS!

2.7.1 RAECH]  UFE FITC (free FITC) ¥ Il
%+ FRELFITC 0.975 mg, M3 T/KBMEERE S
mL, 4 500 pumol/L Free FITC ¥, BEYGIRAFT
4 C,

B S (mixture) YR AHI#%
RE 2 FREGE T 200 mg. P28 240 mg.
FITC 0.975 mg, Wi HHREHFEHT 5 mL
DMSO ', 15 500 umol/L ¥, #EYCIRAFT 4 Co

# FITC [f] CMEs(FITC-loaded CMEs )[4 :
FREX FITC 0.975 mg. RH40 150 mg. PEG400 50 mg,
WEYCEAE T, BESHERE 2 h, I 200 mg B,
g A 3ERE 2 h 14T, LL 2 mL 35 S0 2 B KA (120
mg/mL) K/KAH, ZKIEEHIASEL, LB TK
ERE SmL, 3500 umol/L FITC-loaded CMEs
5L, BGRIET 4 C.

#, FITC 1) But-Gal-CMEs (FITC-loaded But-
Gal-CMEs) [{J#il#%: F*HEL FITC 0.975 mg. RH40 150
mg. PEG400 50 mg. But-Gal 32 mg, #OLE&MET,
g A 3ERE 2 h, I 200 mg U, B EERE 2 h
WA, L2 mL S 2R KA (120 mg/mL) 4
IKAH, K VL &L, F 258 1K E AR S mL,
4 500 pmol/L FITC-loaded But-Gal-CMEs T, i
HARAET 4 Co
2.7.2  AUHRERECRES  BONECERK M, R
PR A LR, H AT 10% FBS [ RPMI 1640
IR R R AN e, R T A kg, R
10% FBS ] RPMI 1640 55 7% Miks 41 ik & 1X
10°/mL, WFT¥5), Hehf T 24 LA IRAL, AL
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FrFRW 400 uL, 7E 37 ‘C. 5% CO, HEFMHIE
24 ho BESLNIRFEFRE, ¥ Ei& 500 pmol/L free
FITC.mixture. FITC-loaded CMEs. FITC-loaded But-
Gal-CMEs A58 28578 360 BE 22 20 umol/L, 452
T HepG2 41, #FfL 400 pL. #RJGFE N4 L7
MIARSETR 2 he WEESAG, PR FFLETRIAE, N
AV PBS 2 EA BRI, JFpPUEan i 3 3. 1%
DG E WA N ST LA L 4 T2 A 4t e

FEHRAL, 4R IKE 7.

114 7 ] %1, FITC-loaded CMEs /% FITC-loaded
But-Gal-CMEs 4 %¢ ) i i % 9% T+ free FITC.
mixture 21, P78 5 S0 BOCEL S 3 0 T A0 e sk
HUAE M 1 FITC-loaded CMEs % FITC-loaded
But-Gal-CMEs 41§ LE A 41, But-Gal-CMEs ¢G5
[£5% T CMEs, #£75 CMEs 4 But-Gal & [fi{&1fi 5
HE— D380 T A0 H B

free FITC mixture

FITC-loaded But-Gal-CMEs

FITC-loaded CMEs

B 7 RWAEIEZRHMEWESZLE HepG2 4HfE 2 h AYIZEUER

Fig. 7 Fluorescent staining of cellular uptake in each group after incubation with HepG2 cell for 2 h

3 e

AT AR AL i h 5 1 T But-Gal, F1H 7K
€ VEHI4 T CMEs &2 But-Gal %} CMEs %[ {5
M JE 11 But-Gal-CMEs. JIT il % [ L3 AT R A%
AN EIHERELE . RRE PRI IR A MRS MTT SE50
#%%¢7 CMEs 5 But-Gal-CMEs X1 5 41 i
HepG2 EFHIMAEM, SEE &3, CMEs. But-Gal-
CMEs I HepG2 4l fa s 58 1) 1Cso {55393 71.23,
62.55 pg/mL, CMEs £ But-Gal &1 5t 7 Hoxt
HepG2 i Mt 5 (0 kA FH o 4 B i 28 SR b il —
AFH] T But-Gal-CMEs #4587 HepG2 41 i xf 254
(K45 . CMEs 5 But-Gal-CMEs 44 P4 $E i) P 4n ],
{HAFHE— D ST 1 28, HepG2 #1 SRS AL R, A
LT AN SAGF AMEE CMEs /. But-Gal-CMEs ik
JER PN AT DL, LA R 2 BRI ) 2k,
SN — D RAIE .

PAEE WA CMEs [RAT, AN AT BAE Ry
IRy, XOnT CABRIRAH R &, CMEs
2By, BeRE R B W R HT R EH -

TE -4 M 526 T2 AT =F 5 1) ASGPR, e 1k
PN b BAT LB R I 1 - FUB A, 4568
FRITBCAASZAR G, 2 M 2 . i B
But-Gal & —Flis 77 - FUBE AR L AL &9, e
ASGPR FEstE U0, K HXT CMEs & HETE L
But-Gal-CMEs, 45 /IR ) 2. ok, A
A But-Gal Jr R FH (B AL 2AT SRR, 2%

Him EREESR. HI D

AHFFE 1 But-Gal il I8 2 17 5K )l
WA B e AT S N A HEAT AL . A
FOR G T R IURRR B b 25 0 L, 5T
T AN 7 A B R~ LB IR A2 U o 25 41 2 L RE
A IE BB R b FE ) RS w] DORHE— 2B 9T

S 3Rk
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