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[ Abstract ] Objective To improve the poor water solubility of glaucocalysin A (GLA) and enhance the inhibitory effect of
GLA on the proliferation of cancer cells by means of inclusion compound. Methods GLA was encapsulated in sulfobutyl ether by ul-
trasonic method. B-Cyclodextrin ( sulfobutyl ether) B-Cyclodextrin, SBE-B-Forming inclusion complex ( GLA-SBE) in CD-B-GLA-SBE
was optimized by Box-Behnken design. The inclusion complex was characterized by differential scanning calorimetry ( DSC) , X-ray dif-
fraction (XRD) and scanning electron microscopy (SEM). Finally, GLA and GLA-SBE-B-CD were detected by MTT method. The in-
hibitory effect of CD inclusion complex on HeLa, A549, HepG2 and SiHa human cancer cells was studied. Results A series of
physical characterization results confirmed GLA-SBE-B-CD on the basis of Box-Behnken optimization. The inclusion rate was 87.28%.

The concentration of GLA-SBE-B-CD was 18. 5%. The inclusion temperature was 35°C , and the inclusion time was 42 min. The aver-

age yield was 87.28%, and the relative standard deviation

fRE AL 210000 B 5C, T35 A A 1 BR B R 5 [F A B = A (RSD) was 1.02%. At the same time, GLA-SBE-B-CD was
(F  1H);210002 F 5%, 117548 25 9 0F 55 T 45 BR 2> #]
(2 ) detected in the inhibition test of human cancer cells. The inhi-

BISEE: M, Fmail:963757754@ qq. com bition rate of GLA-SBE-B-CD on these four kinds of tumor
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cells was higher than that of pure GLA. Conclusion GLA-SBE-B-CD is successfully prepared by ultrasonic method. The inclusion

complex of GLA-SBE-B-CD can significantly inhibit the growth of cancer cells, which is higher than that of GLA, which does not form

the inclusion complex. It shows that the drug efficacy of the drug can be improved by means of preparation, which can provide valuable

reference and preparation basis for helping patients get rid of pain as soon as possible.

[Key words ] glaucocalysin A; sulfobutyl ether B-cyclodextrin; inclusion complex; solubility ;inhibition of cancer cells
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AR EANWENA 48 1 70 725 Rz i T
dh BE 2y AR ol A AE AT IR B3R B A ( B-
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1.1 #MRIEXE GLA(HES.20180908) HiFR I K
SPE (P EVLYR ) SRt S-FURMESIEN { TCL |
A PRAR (P E 1), SBE-B-CD (g 5 B IR B
PR A FRA T, SRR 4> F i Mw=2. 24 kD,
SFEBUREE S 7) A VE (B A AR M) EOR A R
Al REA( RIEE A RAEYHEARGRAHR) B
ST Selk (B E R E AR A RA R ) AW 5
R (P E 2y 5 AR SR 2 BT ), 3-(4,5- 13-
2-MEME KL )2 5. K L2 H-PY Mk YR AL ¥ ( Sigma-
Aldrich Saint Louis, MO) . H R (42 ARSZE
A BEE K . BRAE S A U, A Ho A bk
BIRorMr g, 4. N F S0 41 Hela Al i 20
Ji0 A549 . A AT % 20 0 HepG2 A1 ‘B 251 % J8 41 ity
SiHA 11 41 il &k 241 5k A &g 240 B i, WA (o 3
[ (HPLC LC-20A, 5 ( HA) U AR AR 1, H
P LR A AR AR AR R R TR AL
( g akig s FRHE A RA R ) , 228 L (DSC,
FHE TA U ARRAF) B AR X FLATS (XRD,
AR IE R BB T B A BR TR AR, HAfi T
B 7% (S-4800, Hitachi, Tokyo, Japan), H 37 &+
MESHL(E-1030, Hitachi, Japan) |

1.2 @i%E&EM4 HRCE LC-20A FE LI PDA) K
I S AR (L DU R GLA FOVREE . (i
Kromasil 24 C18 # (4.6 mmx150 mm,5 pm), sl
FMZEMK « HEE(L 2 1;V/V) ,3E A 1.0 mL/min
HATAER VRN, FHR 25 °C R 231 nm,

1.3 A&

1.3.1 +#|& GLA-SBE-B-CD &4.4# RHAHSk
A T35 #l % GLA-SBE-B-CD &4 4 —
FE Y SBE-B-CD A 7K VA TR AE M 75 AL P Y b e v i
TR A8, SR J5 7E T TR A2 08 R o ok R 22 1Y) GLA
(GLA 5 SBE-B-CD WEE/RILAEL : 5 & 1 ¢ 1 Z[A])
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1.3.2 GLA-SBE-B-CD #| & & 4t 4 7E#i &
GLA 5 SBE-B-CD fJEE/REL N 11 3 MGl
A B A 2H IR |, %% SBE-B-CD 7K V8 T IR
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Box-Behnken %1 ( BBD) #E47#U &, & 37 Bl 2 455 AU
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1.3.3 GLA-SBE-B-CD # i # £ & #x Fidh

) GLA 1 GLA-SBE-B-CD 43 5/ A 10 mL Z£18 /K
H AR A A E IR IR g (25 °C) Hh 24 h, Z 455
MR AT 0. 45 pm B 3E, I HPLC J7ika
S AN T GLA & TS s s
1.3.4 DSC o4 2Z/8 14 # ik (DSC) #F 5%
GLA-SBE-B-CD E5 ) (a) L HY IR AP (b) 1Y
PERE 05 GLA (¢) Hl SBE-B-CD(d) Y DSC
2% LA GLA 7 SBE-B-CDs 25 Ji i A 45 558 4
W, 2R AER U GLA [SBE-B-CD ¥ 3
IREWLL M GLA-SBE-B-CD fER WA &4 F 4T
TSN, 4 3~5 mg FESECEEHIA L, N #GE B
9 50~350 °C, FHEH K 10 C/min,
1.3.5 XRD &4E 7E PW1720 %I X Sk & Lk g0
PW1710 B #7542 _EAF5E GLA  SBE-B-CD , H: 4 ¥
IRAYH GLA-SBE-B-CD (IR R X AT 5 E 3
TAEH RN 40 mA, A 40 mA, A1 Ko 5 55
e, X GLA  SBE-B-CD, H:4 BIR A& 9 1 GLA-
SBE-B-CD My A #EATHH, HHi £ KK 0. 04° ~35°,
FHEHE R 0. 02°/s, F Jade6. 0 XRD EIJE AL BHAR
( Materials Data, Inc, Irvine, CA ) X} R 54T X BF 2k
30T .
1.3.6 SEM %4 441 WX GLA |
SBE-B-CD 1 GLA-SBE-B-CD HYZ IS #EAFHF5T .
TE H LB IS HL L, FHRUR 583 AR d ok 783K
FETE L, U A, WA I IE S A
1.3.7 ABRAmMmGIHFR  EHIGFRLSHK D
BN H WL H B R 1Y 4 Tl A 40, 902 ST
GLA-SBE-B-CD L& ¥ Al GLA X A Y8 92 41 Jifd i 30
IR . LhE 10% 6 28 1035 19 RPMI-1640 R 35 7%
HE | SR R B 5 B 3 1) 28 A [ v B2 1) GLA AT GLA-
SBE-B-CD(1.,10,100 pg/mL) . K 4 FhxSEAE KA
S A M B VR % AR 1) 96 FLAR H (4N B B IR AL Ry 1x
10°4/4L) , 43 I ACKR TR 6 B2 19 GLA 5% GLA-SBE-
B-CD, ZWHAANG THFRMW, MHANLETAY
IS IRI . 16 37 °C,5%CO, 4 FRiFE 24 h )i,
FH 10 wL MTT(3-[4,5- " H FEmems2-3E 1.2 5- 73K
FLDU M IRAL R ) 1 90 WL B 1 7R S B RPMI-
1640 iR Hk k285 5% 4 h, BLINA 100 pL —H
FEWH(DMSO) , FEFE IR 454 10 min, 5 5 LS
FIE A VA . StatFAx-2100 i BE 0 28 W% JiF A 78
490 nm YA ARSI — FF L SV AR - 200 B TR A V0 WO
B AT — =X =0y, BT 349 1 T 589 20 M 41 o)
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2.1 GLA-SBE-B-CD S &¥IHIHI& [#% SBE-B-
CD WIIMA &30, 2 GLA 5 SBE-B-CD 1y
LA RN 30 G ROR T 80% ., LB 1:3
YRZEIE NI, AL 5 OB R W 4, R B
REJEUREZA R 5% U TOME EE B I, B E GLA 5
SBE W LLHIR 1« 3 A ARG, Wk 2,

x2 FEERILTEERE A EHETEE B-IRMBHH

BEE
FE GLA 5 SBE-B-CD [IEE/RIL  BHF(%)
1 1:1 64.91
2 1:2 72.77
3 1:3 81.23
4 1:4 83.76
5 1:5 84. 45

2.2 Box-Behnken i itiE 4L GLA-SBE-B-CD i

BEG LRGSR,
Y=-173.65+9.42A +2.34B +0. 974C + 9. 89 x
10~ AB-2.687 x 107 AC-3.67 x 10 BC -

0. 139A2-0. 0685B>~0. 011C>

BBD & [ K o (L& 3, = 2 Wi 7 T A 5
LD 1, WO Uk OB Y 22 o M
(ANOVA) R WL 4, S5 R R iR HA 55 5
) F (B (33.34) FIRARAY P {E (<0.0001) , % B %
BAIREAS T2, “BEaARAE" W PEN
0.0666(>0. 05) , 2= B S bRl 1 5 A A O 3
PR, RGN R 450 0.9772 F
0. 9479 , B S5 PR 2 5 e o 28 155 22 [A) A5 AR 4 1) AH
K, B (A)SBE-B-CD ¥ & (B) A& i [H]
(C)BY FAESI %K 1.57 5. 86.,0. 91, KB AL 5 450%
%% SBE-B-CD ¥ (B) (2 MR K, 2 AW E (C)
AISEI RN, B REL(CV) N 3.47% (<15%) , 4
SRITEEEARETS A, rhome oz i 1 [ AT D0 SBE-
B-CD(B) MMk FEXT A5 RS e K, B 55 =
LA UL, AB T AC Z [8] (19 28 BAE T2 2 35 19, i

BC Z I8 AY 52 HAE A .3

4% STATEASE 7\ #] () Design Expert #K 4
(MN 55413, ) BYTHA S5 5, 7T IAS 21 fefE i 52
WSS F R RE AR, 46 LR
A, i E SBE-B-CD WKy 18.5% , 7 i hy
35 °C AU AHE] N 42 min, fERAE T 250 Fttr
il , PPN 87. 28% , AN bR 22 (RSD) N
1.02%, X —1 G R0 T HIS{E (87. 40%) , (HAE
W2,

% 3 Box-Benhnken &It =FEZE =K FEsHEEMESE RN

Mg RZ{E (R)
b e SBE-B-CD {31 [H]

R ) (©)

1 1 0 0 72.32
2 -1 0 0 76.19
3 0 0 0 86.79
4 0 0 0 85. 85
5 0 0 0 85.25
6 0 0 -1 84.28
7 1 -1 1 65.53
8 -1 -1 -1 65. 45
9 1 1 1 58.92
10 1 1 -1 60. 21
11 0 -1 0 80. 32
12 -1 1 -1 57.82
13 -1 1 1 60. 41
14 1 -1 -1 60. 22
15 -1 -1 1 67.31
16 0 0 1 83.42
17 0 1 0 82.21

%X 4 Box-Benhnken %1189 = K 3 = 7k 3 0 5z B — 5 4= EY

HAESH(FE)
28 ACIE 28 Hufe
Std. Dev 2.52 R-Squared 0.9972
Mean 72.50 Adj R-Squared 0.9479
C.V.% 3.47 Pred R-Squared 0. 7868
Press 414. 69 Adeq Precisior 13.975

2.3 GLA-SBE-B-CD AR WHR LigiR
W GLA WTE/KAY b B9 A B2 4 0. 213 mg/mL,
1M GLA-SBE-B-CD [ i B2 M 17.96 mg/mL, & 48
ikF| GLA 1Y 84.3 fi%, W] GLA-SBE-B-CD &5 ¥)
BSR4 R R T GLA FE/KA o B 1
2.4 DSC o#r  GLA HIZR7E 225 C A — 1R 8t
AR B | 55 AR S AT, SBE-B-CD 7 300 °C H
PRI e R R R A5 R, 54l GLA
F1 SBE-B-CD #H Lt Y3IE &9 GLA 7£ 225 C1Y
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GLA AR F R AN 6 M AR S A, 72 B A1 9 3
RA Y, B W42 5] SBE-B-CD (1) BRIE il
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Jife 2 B Y B0 R B B om T GLA, W E R
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NI HN (84, 18+4.26) % 1 (76.29+1.29) % , MK
Tt Hela (88.02+2.90) % Fl SiHA (90. 38 +4. 1) %
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