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Preparation of silymarin-SBE-B-CD inclusion complex
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Abstract: Objective The inclusion compound of silymarin-SBE-B-CD was prepared. Methods Phase solubility method was used to
screen the inclusion materials of cyclodextrin and determine the type of inclusion. The technological conditions of silymarin inclusion
complex were optimized by orthogonal design. The solubility of inclusion was determined and its structure was characterized by means
of microscope, infrared spectrum analysis and X-ray diffraction analysis. Results Due to its higher solubilization effect on silymarin,
SBE-B-CD was determined as inclusion material. The ratio of drug to cyclodextrin was coated in the mode of 1 : n. The process
optimized by orthogonal design was as follow: molar ratio of silymarin to SBE-B-CD of 1 : 8, inclusion temperature of 60 ‘C, and
inclusion time of 3 h. Microscope, infrared spectrum analysis and X-ray diffraction analysis showed that the inclusion compound was
formed and the drug existed in the inclusion compound as amorphous. Conclusion The inclusion compound of silymarin-SBE-B-CD
has been successfully prepared, which can significantly improve the solubility of the drug, and provide experimental basis for its
clinical application.
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PR FE-B-FRMIRE (HP-B-CD). 2,6-— HI RE-B- Wk
(DM-B-CD). fii | 3&-B-2 Mk (SBE-B-CD), AT
T S 0T HORORE (0 R R AT RO, R A&k
SBE-B-CD 1E N & #1%}. SBE-B-CD A& —FBH &1
KBRS A, ReIRITHh 52595 T
AETERAEM Z &9, MfiHe & 2t e vk,
LAl B-CD fiTAEAH b A G R o B8Rk
i IRV 55 14, 3 R I RS #97 24
Ziprasidone ES75t &L SBE-B-CD 1E N & H
EBE, H 51T 2000 FEF1 2001 4 3 v 7 B A 55 [H
B0, AT LL SBE-B-CD N A AR B Ih ] 4
T SM IR A, FEX SM I 5 AN B TR
SIELE R AT TlE, AT A B R
A
1 XEEHR

KQ-800KDE Y = D Z A 4% R it et (B
i A AR AR AT ); FD-2A AT 1AL
B R R RSB AR A PR A F]D); Agilent1200 YR
W EBGRAR tRE A (32 Agilent A F]); DV215CD
R i R (il BB A R A A D;
DF-101S SEAIEEINARE 1B ORT F1¢
XA PR TR AT ); PHS-3C UM% pH it ( Ll
THERFAAER A F]D

SM JERIZG (k5 20180102, TF. SC. SD.
SB. ISB Fi&E7 37N 2.37%. 11.74%. 4.10%
34.54%. 6.04%, W THIHRERIZE ) TF (S
16031335, JFiE/r%98.0%). SC (it 16012001,
JREST 4L 98.0%)+ SD (k5 16032031, JiifE 74k
98.0%). SB (#it5 15091631, &% 98.0%)-
ISB (b5 16032122, i 5341 98.0%), _Fifg[qH
EVEARBAERA T ; HP-B-CD (Hit5 161202,
WHTICAEMREARAFD; BCD (#it5
20161206) DM-B-CD (§it5 20170730) SBE-B-CD
(k5 20190111, I AREM B IRAEDRE AR A
Al BEE (Eakal, RERIFEAFRAERAFD;
gtk (g EAD.
2 FHESH
2.1 SM SR ERENL
2.1.1 Bl mRUEAREE RS0 (DAD Al
#%), ikt~ Kromasil Cis £ (250 mm X 4.6 mm,
S5um), FEL 40 C, HEAEEN 20 pL, BN
288 nm, LLHE-0.05% M B /K SR BIAH, 7AF
WA 1 mL/min, FHATHEEREVENL, PeART LK 1.

®1 BERRERF

Table 1 Gradient elution programs

t/min H /% 0.05% BRI /Yo
0 35 65
4 35 65
16 40 60
23 45 55
25 50 50
40 50 50

2.1.2 T

(D MR : WEE%Y 180 mg, BT
100 mL S, /b & H il A v i, 0 Y B R
BEZIFE, 821, 045 pm MALUEMEER, HUakuE
W, BN

(2) XA : K% FREL TF. SC. SD. SB.
ISB X} 8 fhiE &, BT 100 mL &4, hn/b & HEE
REFE VAR, TR RERRE R ZIPE, RO R IR
SR04 732, 80.4. 73.0. 170.8. 92.8 pg/mL FIXF
R
213 LEMEFEE FRESM EEZ) 200 mg, HE
T 100 mL S, MG E, BAEBRHLE,
PN BB R ZI B, 25 RSB RULIA 1 mL
BT 10mL £, AN 65%F Mm%, R
R . USRS AR XISV, it
BV, F% “2.1.17 TSI E . S5 WA
1, FHZS AT SM Pl E B+t .
214 MR RFE KRBT IGIER 0.1,
0.2. 0.4, 0.8, 1.65 2.0, 2.5, 50 mL T 10 mL &
i, AW EERMBE R ZIRE, Bk TF JEKREA
0.7. 1.5, 3.0, 6.0, 12.0. 15.1. 18.8. 37.4 pg/mL;
SC FiERE N 0.8+ 1.6+ 3.2, 6.4, 12.8, 16.1. 20.1.
40.2 pg/mL; SD KN 0.7, 1.5, 3.0, 6.0+ 11.9,
15.0. 18.7. 37.5 ug/mL; SB FiEWKEN 1.7, 3.4,
6.8 13.7. 27.3. 34.2. 42.7. 854 pg/mL; ISB Ji
RN 0.9, 1.8, 3.7, 7.4, 14.8. 18.6. 23.2. 46.4
ng/mL FIVE A XS IR, 0.45 pm FRFLIEEERS,
HREEDET, HEREEON 20 pL, HHEIETHIRN . WA
PAsbR (YD, BUEIREEAMALSR (XD, 3% 7
LAEEATRE, RN 2,
2.1.5 REHERR sl b w3 MR
WEEH) 5 Moy ot jE SRR, TF BUEIREE 730N
1.5. 6.0+ 15.1 pg/mL, SC Jii &K E 7358 3.2+ 12.8



¢ $# Chinese Traditional and Herbal Drugs 3£ 50 % 25 173 201949 A

* 4102 -
A
i
I T T 1
4
B 5
2
1 ]\3 ‘
‘ I A V.
5
4
C
2
6
1 3
7
— /\_.___ - }\\_/[\___ ,n_/\/\_
e e |
0 5 10 15 20 25 30 35 40 45

t/min
I-TF 2-SC 3-SD 4-SB 5-SB(RHff) 6ISB 7-ISB (RHK)
1-taxifolin 2-silycristin 3-silydianin 4-silybin 5-silybin
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Fig. 1 HPLC of blank (A), standard (B), and sample (C)
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Table 2 Linear equation of various constituents

W sopt T , AR
(ng'mL™)

TF Y=57.85X—14.38 0.9999 0.7~36.6
SC Y=52.62 X—19.45 0.9996 0.8~40.2
SD Y=3728 X—74.96 09975 0.7~36.5
SB Y=51.02 X—3.837 0.9999 1.7~85.4
ISB Y=52.46 X—4.900 0.9999 0.9~46.4

20.1 pg/mL, SD FAEIKES 5N 3.0. 11.9. 18.7
ug/mL, SB i EK 5N 6.8, 34.2, 85.4 ug/mL,
ISB B E 5N 3.7, 14.8, 23.2 pg/mL, FA
JRER SRR S W M T R,

BHPNRESREE; UUGESE s d et EmEiReE,
BPTS H RS2 R . 458388, H AN H Pk % BEAH
WFRUER ZE /N T 2%, O IRRE R AT

2.1.6 EEMIAE  FREUFEZ 200 mg, $£42.1.37
WUR 7 AT 6 Bl va i, % “2.1.17 It
NGB, K A3 U T £ B I T

WET AT % H RSD 2058 1.7% 1.3%- 1.8%-
2.5%M1 2.6%, ZERIB/NT 3%, ULHIEEENE
RUf.
2.1.7

fag iR Eatls (S 20190415) %

W, T 0. 2. 4. 6. 8. 10, 12, 24 h BUEENIE,

M5 TF. SC. SD. SB. ISB I£[fif% RSD 4 %IK
0.64%+ 1.26%- 0.84%-. 1.34%. 0.61%, FHIHR
£ 24 h NERENE R AT,

2.1.8 FEEGERREE IS A E A Gt
5 20190508) 6 17, &%) 60 mg (TF. SC. SD.
SB. ISB Jii &4 #4570 3.35. 21.28+ 11.65. 53.45.
10.03 mg/g), BT 100 mL £HH, HEEIMAN—E
B A, 7E “2.1.17 UG A Fe, 5
BRI . 455 TF. SC. SD. SB. ISB “F¥Jjnkt
[R5 518 98.76%- 98.65%- 99.52%- 99.88%-
98.96%, RSD 43114 0.96%- 0.97%- 0.72%- 0.68%-
1.03%.

219 FENE MBEFRE SM EEZ, ET 100
mL S I B B A O F AR R 2, 42 0.45
um [RFFLIE PR E T I, B 20 pl S8, HEFEIE
SR WA 3.

#*3 SMERTHRESHE (X £s5,n=3)

Table 3 Content of each component of silymarin (X *s, n=3)

185y S H /%
TF 2.37+0.01
SC 11.74£0.07
SD 4.10£0.02
SB 34.54+0.27
ISB 6.04+£0.02

2.1.10 CPHETEREEERIE  7EpH 1.2 B SR BRI -
7&187K (pH 5.6) pH 7.5 PBS. 0.1% SDS. 0.5% SDS
PLJ 1.0% SDS ¥ fIH I & SM JEkH 254K,
il SO AN, BERRE AT S 3 AR,
F (37+1) C. 100 r/min KHEIRKEFHIRIE S
24h, HFE, HLILAEN 0.45 um HIFLIEIRIER,
VEEVIVEM, HL 20 pL HEAE, WASLLIERH SM %
AR HIE R, BIER 3 NMFESECEAE, i
S A RS IE R AL, 45 R WK 4.

22 FHIBESNE&

2.2.1 HHREOEMENTRE S Higuchi 55
(K535, 4> BIFREL B-CD 113.4 mg. HP-B-CD 140.3
mg. DM-B-CD 133.3 mg. SBE-B-CD 216.2 mg & T
100 mL &), DEAb KB ERE, ik
PR ZEZIRE, WI45 1 mmol/L HIFREWR . 735 &HL 0.
2. 4. 6. 8. 10 mL #FrifEE T 10 mL &=IEH,
AL KRR B 2 BE, ) OB BE R PRIV, i & SM
JER NN bR &R R R W, AR 37 °C,
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*4 SMERBGERRNRFRERE (X £5,n=3)
Table 4 Solubility of silymarin in different mediums (X *s, n =3)

TR/ (ngmL ™)

I
TF SC SD SB ISB
pH 1.2 318 51.98+£5.29 41.17£8.90 13.22+6.12 11.73+1.55 7.90£1.08
7&K (pH 5.6) 69.48+3.34 53.621+4.18 17.991+6.68 14.84+3.31 8.99+2.26
pH 7.5 PBS 122.50£2.48 218.02£4.59 145.78+9.11 90.83+3.59 50.71+1.03
0.1% SDS 122.15£2.62 253.20%5.61 160.68£0.12 140.43£2.03 79.35+0.30
0.5% SDS 128.57x1.16 269.381£0.21 172.36£6.67 191.78£5.96 146.94£5.75
1.0% SDS 127.57£2.50 594.72+3.34 249.961£0.46 1429.88+5.42 352.19+1.14

100 r/min /KGR 24 he FEJG, 8000 r/min F.0y 5558 TF. SC. SD 3 P fEA IR FEMIRE T
7 min, HUEIEW, 0.45 pm RALIEEGE, WL MIBEEEZERNEVDN, SB 5 ISB fEHIEMEE KN N
MR 10 f5HERE . DA IR VR FE R AL KR, SBE-B-CD>DM-B-CD>HP-p-CD>B-CD, HAELLF
SM IKRFERHPAARER], HEIFEEEE, WK 2. SEAG R A SBE-B-CD 1A # A& 54

0.4

0.6 0.15
T ~ 03 L
é 04 0 E 0.10
g g 02 H
= S 01 800
w1
0 I I I I | 0 I I L 1 | 0
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
A KS /(mmol-L ") PR K /(mmol- L") PR K /(mmol-L ™)
0.20p 0.08 —— SBE-B-CD
7 015 =006 =i— DM-B-CD
= —
o o —— [P-p-CD
10f £
g 0. £ 0.04 —— B-CD
g5 oot % 002
0 1 i i i 1 0 1 1 1 1 ]
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BIRE/(mmol- L) HRIHS/(mmol L)

2 SM FEAREREHIE TS RRE

Fig. 2 Solubility of silymarin at different concentrations of cyclodextrin

SM - H o 7E SBE-B-CD W AR 7 i 5 I P 0.6

—e— TF
3, F M R EEBE SBE-B-CD YA 5 (A48 i &2 o :;:c)
ALk s N, RW SBE-B-CD fEIZIKEEANZY L 04 —~—p
IR n (n>1) BEESY. 5 03 —=—ISB
222 WEVEE RAAGTHREN&E O 02
Yy, FREUERR) SBE-p-CD, ¥ T —E &gtk 01
t, % B SBE-B-CD /KAWL, FREL SM RN 243 e
&, MNP ERTK R SR, £ ERET, SBE-B-CD/(mmol-L"")

AN SBE-B-CD Kigftt, WJsBist e 3 SM EMAERERE SBE-p-CD AR HARE
), #E, HETEOHLFH 8 000 r/min .0 10 Fig. 3 Solubility of different components of silymarin in
min, 1 0.45 um PTLFLIERL S, EXEEIEWT 4 C different concentrations of SBE-B-CD solution
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VKA AR 4 h, WBE (=80 'C) Tl 5~6 h, Fi
BTAETENLR T 24 h, #F L 80 H i, RIS .
X HAL 3 B AL S 1S Z AT E

(OESE SHONZS Y LINGETy s VIsE i+

BAYERR =M AW TS/ GRS B+ 248)
223 HHEFE DIAERNERER, B8RY
JRf L B AET TR AR N RIS A1)
AR

(D) YmmELe: @ik “2.2.17 Tk Ry
%1, SBE-B-CD £ 0~1 mmol/L 254 5K I
Bl :n(n>10 WMAEY), SutHYBRmE Y 1
6. 1:8. 1:10. 1 123755, WH 4. 850%
W, BE% SM 5 SBE-B-CD #i (s Lba i, %5k
SIS R B ETHE T RERES, ik
1:6+ 108, 110 4T /FEMIEACRE .

(2) BERE: AREEHEFEL T 40, 50, 60,
70 CXIHAEREm (B 5, HEEMLEEEE
970 CHF, SM ZiWH AR E RPIRES, #uzk F
40, 50, 60 ‘CiFAT a8 IEAT ik .

(3) BEwE: HEAEHE 3. 4. 5. 6hXf
WA . 450K, BEFRFREEA
£ BT TR PR N T 3G CIE1 6D, B AD 0 AR R 0. &
I/, 25 B T2 RIFER, JEFE 3. 4. 5h

100
80 | 116
—1:8
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Fig. 4 Effect of molar ratio on cyclodextrin inclusion
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Fig. 5 Effect of inclusion temperature on cyclodextrin

inclusion
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Fig. 6 Effect of inclusion time on cyclodextrin inclusion

AT ]G 82 TEAZ 5
224 IERRE FHEEWABHEEMNCEYE
x, BERENFZAFESTRIVRMERL (A, B85
W (B) KAAWTE (C), #HE Ly3% IExxEit
15, SHEATFRIINES, LWERNEK 6,
T 2T R 7.

SM 5 Bl o305 22 AL 2 40153 51 0.03
0.15. 0.04, 0.51. 0.07, AAEHFEIINERECN 0.2,
ZRAVE =(TF G E/fm TF fE%)X0.03 X
100+(SC EH#/Hm SC fE %)X 0.15X 100+
(SD fu. 4} Z/ 8 15y SD .3 %) X 0.04 X 100+ (SB .4
/i SB AL %)X 0.51 X 100+ (ISB 13 % /5 =
ISB 1,3} %)X 0.07 X 100+ (3 515 F /i m 513
#)X0.2%X100.

7 Z o ras Tk, YRR, GE8RE
LA S R LA SR R K. ZE i g
NTgEmAE A, AEERRA, eREas
T2 AxBsC, B SM 5 SBE-B-CD HI#¥J5ii ) & Lk
N8, HAIRE 60 C, AANE 3 h. HUSM 3
oy, HERECLSETZH % 3 #HEEw (IS
20190415, 20190508, 20190518), TF HIHLEH A
28.18% (n=3, RSD=2.13%). SC HIfIFN
26.56% (n=3, RSD=2.17%). SD L ¥EN
28.55% (n=3, RSD=0.87%). SB I XN
72.95% (n=3, RSD=4.87%). ISB I F N

5 SBE-B-CD B4 SM E &K
Table S Level of SBE-B-CD inclusion silymarin factor

K e
A B/C C/h
1 1:6 40 3
2 1:8 50 4
3 1:10 60 5
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F6 L3 EXREHFRRLER
Table 6 Lo(3*) Orthogonal test protocol and results
T A B C R, IR ET e
TF SC SD SB ISB
1 1 1 1 18.58 13.63 21.14 20.94 15.32 55.16 41.04
2 1 2 2 26.76 33.86 18.35 27.88 28.27 81.35 63.96
3 1 3 3 26.89 26.93 28.30 41.00 30.57 79.43 71.15
4 2 1 2 21.26 22.03 21.76 33.67 24.33 76.98 60.67
5 2 2 3 27.20 29.39 26.62 55.66 32.56 81.28 82.77
6 2 3 1 28.54 28.09 29.23 75.62 33.49 85.98 97.44
7 3 1 3 14.76 21.33 24.03 19.53 24.89 75.22 63.65
8 3 2 1 22.08 21.81 24.82 47.95 26.15 79.79 71.74
9 3 3 2 25.81 26.43 27.87 70.42 31.76 81.17 91.25
K 7593 7033 80.39
K 89.28 86.66 85.12
K 83.02 9124 82.72
R 13.36  20.91 4.73
RT HBEDHER
Table 7 Variance analysis results
JrE K B2 I 1 ¥ys F 1 ERIE

A 771.59 2 385.80 10.01 P<0.10

B 1495.38 2 747.69 19.39 P<0.10

C 9.85 2 4.93 0.13 P>0.10

R 77.09 2 38.55

it 2353.92 8

27.79%(n=3,RSD=3.29%), Al 5W15 % 85.34%
(n=3, RSD=2.13%). ZER KW, 1Z SM K& L
XM e, HAEE AT EE.

2.3 S48YYIEIE
2.3.1 GEWPAERRENNE BUSER SM &

EW, I €2.1.107 TR 5k P ET A R
LAWK S, mE S, B SMAIREAEMZ )G,
HAEAFAN B s s e e, WeRABaE
AR AT 25 P m A 250 SML IR AR -

232 BAETE 7 lEL SM JEELZ) . SBE-B-CD.
VIEREY) (FREUE T BN 580k, T, DL
BHINERR MRS G 80 HIf, B A &4rk
KAV, BTHEIN b, REHE3 BT RAUsy
B, RTTBORREECN 2040, 43 B0 RE i R
RE, GRNE 7. SRER, £ SM JEEZ,
SBE-B-CD. SM # SBE-B-CD K4 H VR &) .4k
SRR, JLA oL S B AEAE, TIAE SMERH
FE-E YR B ALE T, B AN 300 R 0 259 F

#*8 SMEB8EAMEARNRPIREE (X £s,n=3)

Table 8 Solubility of silymarin inclusion complex in different mediums (X s, n = 3)

e

AR/ (ng-mL ™)

i TF SC SD SB ISB
pH 1.2 #i& 101.07 186.65 30.53 167.01 62.53
7&K (pH 5.6) 113.86 222.87 40.71 215.67 69.43
pH 7.5 PBS 225.48 980.76 324.51 1 407.96 374.92
0.1% SDS 234.11 1114.85 366.40 2171.89 625.37
0.5% SDS 337.07 1589.14 594.24 3 091.56 1263.46
1.0% SDS 376.21 1786.07 742.57 3 083.07 1346.89
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7 SM JERIZ5 (A). SBE-B-CD (B). ¥BEREY (C) MBAY (D) HWERMFEE
Fig. 7 Microscopy of silymarin power (A), SBE-B-CD (B), physical mixture (C) and silymarin inclusion complex (D)

SBE-B-CD, fi /& LA—F#r (I A AFAE, B A]
125 W SM 5 SBE-B-CD B &Y.

233 ZLAMGIESAT i FREL SMERLE | i
MEREY . BEWVE, 5IRER (29200 mg)
TS, AT TIREMEYSE, &
FE, BTSRRI, AR NE 8. HEN
A1, SM T 3450 cm ™ b HH IR EY R (Ar-OHD U
ARG RIE 2 —), AL A RS A L
SM HEAEMR IS, 3 TR IR SBE-B- CD HIRFIEIE,
BaEEYSEIREDNEISFE—EMES, a5
Wb 4 NMERAETER o 2881.63. 1507.12.
1459.18. 1422.45cm™!; H 4 NMERAELTHK o:
2938.78. 1640.10. 1373.47. 1330.61 cm'; HIH
T 2 AN& 6: 1204.08. 951.02 cm ™' HIE AW
LT A S B i T ZE0k A SM. RFfEIE AT SBE-B-CD
FREE, FEFIHL SBE-B-CD KIS, 4555
~, AEMSYEIREGYEREM L, AR S55m
B RAE T AR, BRI 2 A2, UER SM
5 SBE-B-CD JEAL T LAY

234 X-SHEEATHNE B SM. SBE-B-CD. iR

A/\f/\ﬁmw/"”‘
ZM
DM

M

4000 3 000 2000 1000

v/em™!

8 SM JE#Z5 (A). SBE-B-CD (B). ¥IER &Y (C) 0
BEY (D) HILISIEE

Fig. 8
SBE-$-CD (B), physical mixture (C) and silymarin inclusion

Infrared spectroscopy of silymarin power (A),

complex (D)

HWILL K SM-SBE-B-CD L&Y Kb 47 X-BF L&At
ST, TAEZAE: CuKa B, A48 (aSeqTim
ik, EHIE S0kV, EHR 20 mA, SR ILE 9.
AT %01, SMJEURIZG7E 18~32 °C AbAa I SE I 45 &
fiT4f0%, SBE-B-CD Ju4hdhlé, ERIREYH E K
22 SRR — 8 BIIES, (FARSRTT L, A
JRRLE B S a2k, UEHERA Y 2P mT e LA
Ak dn M BT B T AR, I 25 P v o & ok
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Fig. 9 X-ray diffraction pattern of silymarin power (A),

(C) %A

SBE-B-CD (B), physical mixture (C) and silymarin inclusion
complex (D)
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