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Abstract: In this study, butaselen-2,6-dimethyl-f-cyclodextrin inclusion complexes were prepared by
saturated aqueous solution method to improve the solubility of butaselen, so as to obtain its injection solutions. The
content of butaselen in the inclusions was determined by high performance liquid chromatography (HPLC), and
then the preparation process was optimized by orthogonal design using the inclusion ratio as an indicator. X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR) and scanning electron microscope (SEM) were
used to verify the structure of the inclusions. The effects of the inclusions on the solubility and stability of
butaselen were also investigated. The results showed that the optimized preparation process with a mass ratio of
1:340, an encapsulation time of 3 h and an encapsulation temperature of 70 °C resulted in an encapsulation ratio of
(91.24 £ 0.42) %, and the results of XRD, FTIR and SEM demonstrated the formation of inclusion complexes. The
developed HPLC method is rapid, simple, accurate, applicable, specific and reproducible for the determination of
butaselen content in butaselen cyclodextrin inclusion complexes, which can lay the foundation for the development
of new butaselen dosage forms and clinical applications and provide technical support.
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Figure 1 Chemical structure of butaselen (BS)
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HiR IR ERLI I EE T % 48 ¢ HP-B-CD %
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TV ORI R R R 2 FE, AR AT, AT RO 3 43, $5bn
7N & 1) 80%- 100%  120%, HLfif K 2.8+3.5.4.2 uL T
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BS-DM-5-CD S &¥)8IHI& T2 1EwL 19
P T ¥ 48 ¢ DM-B-CD ¥ T 51.02 g B 4l /K, 15 15 W 7
JEJ5 M 100 mg BS, b 78 44k 7K 22 100 g, T 70 °CHi
3 h, AE R =S, TEARHT H, 0.22 pm JE 5T )8,
19 335 B 0 AL S WL, HPLC J5 & 8 BS Wi
L AMRET R BS I i, 5 A 0 () it HEE %

A = A5V BS FUE/BS BRI & x 100%

(1)

EXEIT 1L BS-DM--CD B4 MFHEZEILE
I B A K WL AT i % T2 AL, B BS 5
DM--CD i &= b (A) B A& EE B)HHEH 7] (C) AN

FRNER, LGSR AFERIER, %L, (3) EXHE
WAt T RMAT TEMIE (K ). F, (2, 2) = 19.00,
Fy0(2,2)=99.00 375 Z 53 M F FHER LA iE(E . FEE
M1 > F, brEfE, 1RE P <0.05, B EFEEES,
FECMME = F, brdEfl, /AR P<0.01, HA R EME
Z5t

Table 1 Factor level table. 4: Quality ratio; B: Temperature; C:
Time; Levels 1, 2, 3: The state in which the three factors 4, B, and C

Factor

Level
A B C
1 1/140 30 1
2 1/240 50 3
3 1/340 70 5
BEMRNYELEMR

X B ATH (X-ray diffraction, XRD)  XRD ill 5
ZME N (HAER): T AR FRLE 40 KV, 42130 580 5 4343 i 20, 2
1k £ 100~ 800 E 4T Kl

i B AR i 2T 48 61 (Fourier-transform infrared
spectroscopy, FTIR) i i KBr [ /v ¥l 2 T BS.DM-
f-CD.BS/DM-4-CD ¥ # ji& & ¥) A1 BS-DM-4-CD &
LA TS

14 B 7 X2 BT (scanning electron microscope,
SEM) EAEEEY) 45 H BS.DM-A-CD. BS/DM-p-
CD ¥ # R 5¥) \BS-DM-A-CD 1 & ¥4k &/ 2 [H 2 T
W& b, EH T I R N 3 kV & A R AT SEM
MR

RN EASY)  FREGT R BS JFR 25 . BS-
DM-A-CD £ &40 b, i &2 10 25 85 1 /K il it
PRI, IR 58 E 24 h, W8, I @ B A £
BT KRR B OE BRE, 4 HPLCVE T, 15 BS A
fiE I -

et 4 A FREBS A1 BS-DM-4-CD &
Y3 &, FOH) R K E N 1.00 mg-mL! [ BS — HI 3L TE
BRI AT 1.00 mg-mL™" ) BS-DM-4-CD £ & ¥ /K &
W30 . AT EMT, =il (25 °C) TlE, T5Li
(1930 REUFE, HPLC i e 7 Bk 8, % 58 Az e .

ZHR

1 FEFWIE

11 REERM 4R WK 2, BS IR TE R
f, I T A5 € 1 0 S BE AR EOK T 9 000, 5 U AH 4T
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LRERE 6 (X, BS U TH AL RSD B & £ B I [8] ) RSD {H 1)
NT 2%, FIAN, FEMIE PR K 225 nm Ak, BRI R WL
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Figure 2 Chromatogram of system suitability. 1: Solvent peak; 2: BS
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Figure 3 Chromatogram of specify test. 1: BS; 2: Solvent peak;

a: Sample solution; b: Blank excipient

1.4 M LUK C (ng-mL™") X 04 i AL A4 8547 26 1
[, 45 4 =0.298 6C - 1.444 6, r = 0.999 9, 45 ] BIR,
BS 7 200~600 pg-mL™" & 5 ¥ il Y 2 MG R R AT
1.5 GEREIRME &5 SR, WIROM 5 B8R 0 25O FF S
55k 8B S VR IR T A 2 EE S TE 0.98~1.02, R
B R 2557,
1.6 HERAE 485N, BSTE3Fibrns EIRE T HF
I 1E R 43 531 N 101.14%- 100.62%- 100.49%, RSD 18
790.39% < 1.0%, 2B A5 15 HEfh L0
1.7 EEM 4R ER, BSHFHEEN99.42%,
RSDE 4 0.21%, KHATIEE L RIT.
1.8 A&RREM 4R TR, XA BS W
(1) RSD {4 0.27%, £ & % Wi 1 BS U [ #2 1 RSD
B8 0.15%, 353/NT 2%, FF6 B3Rk, H AR BT R 5 i TR
VA AE 24 h N EROE
1.9 AN ZEERY, £ LRSLRAXMNGT, BSH
g FE of R 1 B, 0 5 R AT 0 1) 43 B B SR T 1S,
TS EE BRI KT 9 000, A A (0 46 5 JE Uk 246 1F
e &5 AR LR, ZAEI /N T 2%, B AT LB A R
F (i FE 7 o
2 EXEIHMUBS-DM--CDEEYEHIETE
R4 B TR (R 2) LT Zo g K& (£3)
& IR, IR BV FE b B35 5 (P < 0.05),
KR ACIREFEFLW . L5a MW M52 73 Hr ]

B, B tE T 2410 h 4,B,C,, B BS 5 DM--CD [ i &
oM 1:340, Hii#EmT R A 3 h, A E N 70 °C. % I
A B AR % T 2056, il 4% 3 fit BS-DM-B-CD .44,
HPLC J7 75 8 B 5% N (91.24 = 0.42) %.

Table 2 Orthogonal experimental design table and results. A:

Quality ratio; B: Temperature; C: Time; D: Error

Test number Factor Inclusion rate/%
A B C D
1 1 1 1 1 11.58
2 1 2 2 2 29.34
3 1 3 3 3 48.83
4 2 1 2 3 18.89
5 2 2 3 1 45.40
6 2 3 1 2 76.15
7 3 1 3 2 27.28
8 3 2 1 3 57.55
9 3 3 2 1 90.07
K, 29.92 19.25 48.43 49.02 /
K, 46.81 44.10 46.10 44.26 /
K, 58.30 71.68 37.41 41.76 /
R 28.38 52.43 11.02 7.26 /

Table 3  Analysis of variance. SS: Sum of squares; f: Degrees of

freedom; S: Mean square; F: F-value; P: Significance level

Error source SS f S F P
A 1223.05 2 611.53 14.99 >0.05
B 4127.64 2 2 063.82 50.57 <0.05
c 202.30 2 101.15 2.48 >0.05
D 81.62 2 40.81 / /

3 BEUNYIIELEMR

31 XRD 4 4BS-DM-A-CDE &Y (K 4A).BS/
DM-4-CD ¥ # I8 &%) (I 4B).DM-4-CD (K 4C) f1
BS (K4D) 1) XRD. PR AWITE 20 = 12°.18°H &
N5 BS F R RIATHE, B 5 6-E A B R X, [
B2 I T 5 R R R & R TR &S REAE, /& DM-B-CD 5
BS AL I {7 23 . BS JE L 5 R 1 T S 8
fE, A&V H AR RIS RE, 2205
DM-B-CD 5 i #H AL (1 3l & 7R T2 A5 F#1iE, 5 DM-B-CD
HHEE, A P01 XRD i B 7E 20 = 17° . 22° [f fiT 5 i 5
OB, TAE 20 = 11° I AT A RS . TEREEY
J&i, BSTE 20 = 12°.18° . 30° [ AT S 0 v O . IxX s |
FKUIE K T BS-DM-B-CD &%

32 FTIR &S5, R BS 701, fEBS WA
IR | B M B 5 AR AE 2 [ 1 Ao 4 R 3l TR UACHE 1 720~
1 250 cm™, 3 %03 000~2 750 cm™ Jy BS 43 1 o i Al
K& AR B, 1600 em™ 245 4 BS R AR BRI,
770~735 cm™ iy BS H 2R IR A0 T HUAR 1) IR AR B 0
1M 32 /& DM-B-CD 1t B 1% 7 1 5 5036 el P 3 A O A
IR MV EIR SR SR LT %A BS 5
DM-A-CD [ 54 B 3% 14 8 1 8 & 0 3% 26 1k &



WA NMTIK-2,6- — F RE-A- PRI B W I AR ALE R SR ) 25 © 2855 -

27004 A
1800 -
900 -

T T T T
o ’ &K\
1640

820 4

|||||||||||

1800 C
1200 4
600
T

51000
34000 4

_DJ
04 A A

Intensity/cps
(=]

17000 -

||||||||

Figure 4 X-ray diffraction (XRD) patterns of BS-DM- 5 -CD
complex (A), BS/DM-f-CD physical mixture (B), 2,6-dimethyl-4-
cyclodextrin (DM-4-CD, C) and BS (D)

BS P 2K 2 | Bk i ¢ 255 R iE 55 11 19 4ol 4 % 3 MR W T
1250~1 720 cm’, 3% %13 000~2 750 cm™ y BS 43
PR FIAR I, 1 600 cm™ /245 4 BS Hh B FL 4R 5%
Wiz, 770~735 cm™ Jy BS H IR AL U K W WCHR B 0
PRBNR S A A 2 2 A Ak, B U e R A, L B AR
2 2 HP I UG R KR B ek 55 B B DM-B-CD fiT 2R
W1 PR 4 55 1 9 2K L & 4 DM-B-CD [ 32 B 45
PRBN 3 430 em™ £ A E 3 400 em™ i 47, HALEY)
WA R PR L R R AR T AR, 45 L, B RS T BS
BEN T EAR 5T DM-A-CD (25 i, 1 A A2 i 5 (4
PRI, 3568 BS 5 DM-A-CD K, | L& 251k & .
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Figure 5 Fourier transform infrared (FTIR) spectra of BS (A),
DM-4-CD (B), BS/DM-S-CD physical mixture (C) and BS-DM-f-
CD complex (D)

33 SEMKXRIEEEY BS-DM--CD 14k % 4 # & Fil
(K 6), BS k24 1 EIE S N IRk (B 6A); DM--CD
SEAPNEARY (& 6B); ¥R 54 BS/DM-B-CD AJ

Figure 6
(A), DM-4-CD (B), BS/DM-$-CD physical mixture (C) and BS-
DM-$-CD complex (D). Scale bar: 10 um

Scanning electron microscope (SEM) images of BS

B S0 55 20 IR 1 BS B B0/NBIORE 1) BSS B 5 T AR
T ER AR 4 DM-B-CD (1) 2 1 (& 6C), /2 W & &4 1 fi
1301, BS-DM-B-CD AT B i 0 5% 2 AN B stk 4, 5
FREBEG A (K 6D), B LA A &4 E I K-
34 BREZNESEY 455714, BS k2 .BS-
DM-B-CD B &I R 73 711790.14.1 031.51 pg'mL™,
BRIV A, & 0 (R 5 A 9 BS JEURF265 1 7 367 1%, 1 W &
K125 BS 5 DM--CD JE R T &4, I H b & ie
W K e T R 25 BS I R

3.5 FREMLI  JEIKREN1.00 mg-mL! R FPE
TRACE 30 K5, M5E 245 07w, BS 26 7 A VR 1)
JREHE )Y (0.68 +0.01) mg'mL™", BS-DM-4-CD &%)
AR 5 B R FE A (0.99 + 0.01) mg-mL™", % W] ¥ BS
il % BS-DM-A-CD &) fa, MRk m 7 HARE k.

g

AT 5 I B IR R R, T AR
K U A SR, JREAT R R T T R B A, T8
It R G0aE A BRI R E M R PR e
PR 2 M 53 B R R R R bRt AT 5 52, UE P
T SE IR 7 VA AE A BE v, A VELE, AT T BS MRS
G0 BS I e B i

ATk A K WA % B A Y. BT BS
MEVE T K, SUE T AR, DR, AR KRR B BR
TAEYE & TR WAKERE AR &S
VI N BRI AR T B —, AR X FROR R 1) 1 AT
R, FA FE 6 R R K, LA 2R (R
s, BUIE B2 I WA ADIRES TR BB RIS ZK I8 AT 1 4%,
IR LM E OWIAE IR JE  48% .
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F 4, A T DM--CD & 4 BS, AW 5T %+ HP-4-
CD.DM-B-CD . fifli T J&-B- I8 WA 55 TS P IS AT
%, @Ik HPLC 2% i) 4% 1) B A W AT AR I, 45 R R
TE [F %5 %A '~ DM-B-CD ¥4 BS fE /K W VA iR g $2 m 1
A%, Bl &0 $E DM-B-CD il & B 44

5 2 J i 2 B A T R G R ) — i = 4R
Fro ASHTFE3EFE 48% DM-B-CD AL & VAW, (IR HIKS
W IE b, VTR A LA E B I, S BURE T oIk 3k AR
AEB I S B (K DL BS A & R AR N T R4
R SRR . AL E B DM-B-CD % 48% ]
K Ja , ok FAb ) % TS HOEAT AL, P05 ik 77
HHEEWIEE RIE 0% kA, HEon AW 785 5 1
W7 TEZH RS

TR E R T BRI & AW, AR AR 1
LA YIERA TR B, S8 A YE TR ARG, 8
it XRD.FTIR.SEM 55 ilE T & ¥ 1% i, I il i %
iR P B R s MR S B LA T BS SR 245 5 B A W N VA R
o R R e M, 45 SRR B W) T 2 T A L R
i1, 72 B DM-B-CD Xt BS 24 B A B Uf (386 i Je 42
FeE TEMIE T, E— 0 R T AEWIITE .

PV S AT 5, AR 22 A IR SRR 2 T AR
JE B e M A . AT TN BS 205 SRS
FHEE A TE BELE AT BRI 04, 85 RO 3%
PEmm T 2D, O BS AR Il 7 AT 1 SR TR
DB, B T SEG SRR, EE L0 BS S B A I
PR TFE R BS il I ST AR A 7RI T B R ARk
WIS REAT T 3RAE, FVEAN 0 HT, N BUJE IR BIE AL 82
e =

1 BTk 3 R AT ST A B, 56 RO 3
B AT I SUIE B IR RS s 2R 58 VR L P i e )
Z: 5 SLIR W v AN B A KR MR I E L AT,
PRSI T &, 18 SR i B T R B . B RAE
AR B 1 H [ A A AR

FEE S PG 1R Y AEAEAR TR 28 rh R .
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