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Preparation of TM-4000 Sulfobutyl Ether-p-Cyclodextrin Inclusion Complex and Study on Its
Solubilization Effect
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ABSTRACT: OBJECTIVE To prepare TM-4000 sulfobutyl ether-B-cyclodextrin inclusion complex and investigate the
solubilization effect. METHODS The solubilization effect of sulfobutyl ether-p-cyclodextrin on TM-4000 was preliminary
investigated, and the apparent stability constant of the inclusion reaction at different temperatures was determined. The
sulfobutyl ether-B-cyclodextrin inclusion complex of TM-4000 was prepared through process screening. A reasonable preparation
method and optimal reaction parameters were determined. The sulfobutyl ether-B-cyclodextrin inclusion complex of TM-4000
was prepared, characterized and tested for dissolution. RESULTS In pH 2.0 hydrochloric acid solution, sulfobutyl
ether-B-cyclodextrin solubilization effect of TM-4000 was the best. Inclusion compound with a better stability could be prepared
through saturated solution method at 50 ‘C with 60 r'min~' stirring in 6 h. The weight ratio of TM-4000 to sulfobutyl
ether-B-cyclodextrin was 1 : 5. The accumulative dissolution of TM-4000- sulfobutyl ether-B-cyclodextrin inclusion complex
within 1 h in pH 2.0 medium could reach 80%. CONCLUSION The TM-4000 sulfobutyl ether-pB-cyclodextrin inclusion
complex prepared in a simple and feasible way can significantly increase the dissolution level of TM-4000.
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2 HEEHR

2.1 TM-4000 [ & 200 ik

2.1 REMEKIERE R EAREL TM-4000 H %
M 13 mg, FHEDAMIFES T 100 mL &
A2 TM-4000 fi % - #7REL SBE-B-CD 13 mg,
FKEMIFERT 100 mL RS, B ER
TM-4000 fi# % &% SBE-B-CD fif %% SmL £
100 mL &, FHWEERBEEZIE. DO
IR, 2 FhEC I 4 BT 200~400 nm K
WEEAT R /M4, TM-4000 7E 247 nm 445 e K
i, SBE-B-CD fESLYE HI N T, ATHEIE,

BT LLIE B 247 nm AE & &2 K

2.1.2 fr#EMiZ e ralEEER “2.1.17

TN TM-4000 f#W 1, 2, 3, 4, 5, 8, 10 mL
T 100 mL &R, FHFEEER, W18 RIbFMER
Wo KL HOCEEEIATIE . DIRIEE A
X TM-4000 WK (C, pg mL )HEATLMERIH, 15
FH R |9 757 F2 A 4=0.064 2C—0.046 4, R*=0.999 9.
ZEREW, TM-4000 IR ETE 1.3~13.0 pgmL™ A 5
W P 2 O R R A -

2.1.3 XTUABRMECH]  FEEFRICEH TM-4000
TR 13 mg, H P EERRE IR E AT 100 mL &k
i, BEERER 5 mL £ 100 mL &I,
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REFVRE R ZIERRS), AEXT IR R
2,14 FEASEBECH] RS AR IR S YR R
180 mg, B T/NReAfH, MMAPER-IE ki &
WA - IESkE=1 : 1)10 mL {F A L35 7 K %
fRAAEY TR IZiY), AL 10 min, AEHEE
i, #2100 mL 2, HHFRES; R
VEWOE R, L1000 r-min ' BS0 10 min, TR % E
B FiEW 5 mL £ 100 mL Bt FAHERBEER
2V, AENFE IR .
2.2 SBE-B-CD X TM-4000 [ 7% 2 1
2.2.1 VW pH 1EXF SBE-B-CD ¥ HE 11 152
Z A E 2] 88 2015 FARACH] pH E 2514 1.0,2.0
MERBRIE W, pHE /37N 3.8, 4.5, 6.8 K1 7.4 ]
WERR SR 2 ph W, M) A R i\ SBE-B-CD,
TiC #1) B 2498 100 mg-mL™ (VAW B T 100 mL
HEHETIH, 2R &1 TM-4000 [E A8
K, KT B RE T HEEKBE S &, /£25 C
LA 100 r-min” 2% 72 h, VAL B4, B
REWGER, i 045 pm JEME, HUSIERI E
TM-4000 FIKE . 5B, 78 pH {554 1.0,
2.0, 3.8, 4.5, 6.8 il 7.4 ¥+, SBE-B-CD X}
TM-4000 P3GV A1EH 2 AR, TM-4000 ()1
TS 5 BN 2.55, 5.34, 2.42, 2.36, 1.04 £ 0.96
ng-mL ™. 7E pH {4 2.0 5L T, SBE-B-CD
X} TM-4000 F 38 75 % 3R fe W 32 .
2.2.2 AR XA FHNE SRBEZY
B8 2015 FRRECH] pH EH N 2.0 PIERRRIEW, FLL
R BRI WO I BEC A B2 43 54 0.0, 5.0, 10.0,
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T 100 mL B ZEHETIE A, Al m AT &1
TM-4000 [EfA¥ K, WP HEE R E T EIEKE
Eyiseth, 7825, 37, 50 ‘CFLL 100 rrmin ' fE ¥
72 h, fSE IR BT, I RS RIS 0.45 pm
JEME, EXSRPEWIN E TM-4000 19K

LA SBE-B-CD K ¥ (Csr.p.cp) NI AL bR, LA
TM-4000 ¥ B (Crw-a000) 9 P AL b 2 1l AF A FE 1L
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50 CR¥RLEMAKR, B4 &MET Higuchi 4
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175 AT A AR B A7 12 v SRR e
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Fig. 1 Phase solubility diagram of TM-4000-SBE-B-CD

compound

R 25, 37, 50 CAHE ML E 307 12 BAR K 54K
Tab. 1 Phase solubility regression equation and relevant
constants of 25, 37, 50 C

HREEIC i R? r AR Kc

25 Y=0.031 5X+0.0021 0.9995 0.0315 0.0021 15.488
37 Y=0.043 6X+0.001 8 0.9998 0.0436 0.0018 25326
50 Y=0.069 9X+0.000 8 0.9992 0.0699 0.0008  93.942

2.3 BEWH& L2k

231 ZHERESLHARRLE R RREEEE R I
SBE-B-CD 1 TM-4000, LA FH A 771 il 4 45 B8 /R
WIE R TG & K% B UE & SBE-B-CD
it & TM-4000 &It 1% —E LR S, B
1l 2 2% 43 R BE R VR FE AR [R1H BE R B4 i 3
2,2:1,3:1, 1:1, 1:3, 1:2, 2:3M%R%Y
TRA R, DX H SBE-B-CD N = A,
T 247 nm AL EIR O (4). DL EE AT, B
FHRLV FE ) TM-4000 26359, CAHEEAZH, 18
247 nm 52 WGP (Ao) o T TR B VA T A5 5o N JBE /R
(AR T IR ICE 2 ZEAA, LAAA A
AAKR, 1 R AL AR 2 ) A5 IR TR 3% 22 08 AR X 6 i 4%
SR WK 2.

Tab. 2 Results of equimolar continuous gradient test

HH3% 2 W51, 3% 47+ SBE-B-CD 5 TM-4000
TEBEIREE N 1 0 LI G=1 1 2), XFNHIAL B HRK
. Bk, fELL SBE-B-CD NFE4rT, TM-4000
RNEL T T AL A VI BLDLSE BE IR H AT OB
232 LAk SRAEZREELER &S
VIR T2 JRHUEEE v M A VR A v 3
PSR T7, o AT IEAS IS kit A
Wttt T 233

WFEE V. 3% AR A7) AR EUE & TM-4000 F
SBE-B-CD, ¥ SBE-B-CD N\ i& & £ it BE 15,
¥ TM-4000 ¥ T/D 2B F,  w) BB B 1)
SBE-B-CD HiZ#iii i TM-4000 ¥, 2 nikwF
BEAE R BE TR 4 64T o AR IR S HTE 50 C R T4
24 h, /DEIKMEHMGERIE, LAY SR R
AREMERES T, REKadikEnaadT
50 ‘CT## 48 h.

PABF BRI [H](A) I\ &5 SBE-B-CD FiE
& H(B). TM-4000 fil SBE-B-CD ) & & H.(C) N
FMAK K, FH LG IE L RIAT R, KK
FRIIE 3.

#*3 HEFEHZFATEX
Tab.3 Levels and factors in grinding method
K SES
¥ AHTEER}[A)/min) B(ZE% © SBE-B-CD) C(TM-4000 : SBE-B-CD)

1 30 211 1:3
2 45 4:1 1:4
3 60 6:1 1:5

B FAN A LU AR EUE B TM-4000 A1
SBE-B-CD, ¥ SBE-p-CD & TiE & L8, BT
MAEERNF. EBEAEMEBFIE, W
SBE-B-CD HiZ#iii il TM-4000 F 7 B W . 8
FERTER G, DLIRE 2 KL LR, B
WEVE K. R MEEYE S0 C T 24h,
B KR T Bk R T, DABE v S B R 5
EWMERST, Rakatb5raaYT 50 CT
15 48 ho

LA ThE (A) H A I [E](B). TM-4000 Al

EENT TR I gﬁw Iy SBE-B-CD M EH & (C) N FE WK, KH
JE R L WG A W IERE Ao 4 NN .
- Lo(3%)IERZ R AT, HRAKFIE 4.
101 0.350 0.450 0.100
211 0.234 0.254 0.020 x4 MEFEEEATE
3:1 0.175 0.190 0.015 Tab. 4 Levels and factors in ultrasound method
1:2 0.465 0.505 0.040 K SES
1:3 0.533 0556 0023 T AGEATIER/W)  BEAE Al/min)  C(TM-4000 : SBE-B-CD)
3.2 0.281 0.311 0.030 ! 300 30 b3
: . : : 2 400 45 1:4
2:3 0.408 0.458 0.050 3 500 60 1:5
o [E BAC R 255 2019 4E 3 H 55 36 3555 5 3 Chin J Mod Appl Pharm, 2019 March, Vol.36 No.5 -547.



TOANERE: R AN L R EUE & TM-4000
Al SBE-B-CD, ¥ SBE-p-CD AR Ti&EE LK, &
TEERMEKGBR . E£—EMEERET, ¥
TM-4000 1] 74 B ¥ 7020 15 0 N PR R 1 v
FRE e — B 1A o DANERE 28 RIERR 251557, HL
BAEYIEA, FHE 50 CTH 24 h, FDREAKM
BRI GER T, DAY RN REETEENER
3, RIEKAE R EEYT 50 CT % 48 he

PLK MR FE(A) « BRI (B) . S BB TE](C)
TM-4000 1 SBE-B-CD FJ 5 & Lh(D) A 3 B 5200 [A]
2, KM LoGHIERZ KT, HEAKTPERIE S,

RS WAEREEREATR

Tab. 5 Levels and factors in saturated solution method

S
K A B c D(TM-4000 :
OKIEEE/C) (#id/rmin™) (RN E/HM)  SBE-B-CD)
1 30 40 6 1:3
2 40 60 8 1:4
3 50 80 10 1:5

W78 AN [F) 7 EA [F 2 806 T & A1)
1 TM-4000 JWOGRE, HH%UL N AR EAEY
HTM-4000 EE R, HARKGETS. B
BHTHEOEHR, FWIERNFERR, BE
RECHN 0.6 LA 2R AT BEFE M UK S50 1 28 5% RU 2
YERRES bR, BUERECN 0.4, %7 1EC A5
2 F LK 6~8.

&R %=(LEMHRES TIRE/RE DT
F)x100%:;

BRAR=(BEMHE S THRE/AEYR
)x100%:;

AT =0.6 X A EH0AXLAE R,

Fz6 MEFEXRBER

Tab. 6 Design and results of orthogonal experiment with
grinding method
Wi wE, 2R

TM-4000 : .. B& BYE LGE

% min SBE-B-CD SBE-B-CD /% /% 4
1 30 201 1:3 1 7238 13.19 36.87
2 30 411 1:4 2 7359 1444 38.10
30030 611 1:5 3 6893 1248 35.06
4 45 201 1:4 3 7439 1449 3845
5 45 411 1:5 1 6927 1222 35.04
6 45 611 1:3 2 7359 1336 3745
7 60 211 1:5 2 7548 1529 3937
8 60 411 1:3 3 7229 1482 37.81
9 60 6:1 1:4 1 7404 1535 38.83

K, 36.677 38.230 37377 36913
K, 36980 36.983 38.460  38.307
K; 38.670 37.113 36.490  37.107
R 1.933 1.247 1.970 1.394
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RT BFEEXRRE

Tab. 7  Design and results of orthogonal experiment with

ultrasound method

Ie #AET) EAER TM-4000/ waE Y &b
5 #/W  [min SBE-B-CD U mm R 4
1 300 30 1:3 1 56.39 11.83 29.65
2 300 45 1: 4 2 5422 1295 29.46
3 300 60 105 3 5339 12.08 28.60
4 400 30 1: 4 3 55.74 1193 29.45
5 400 45 1.5 1 57.52 13.58 31.16
6 400 60 173 2 5421 12.62 29.26
7 500 30 115 2 5636 11.23 29.28
8 500 45 173 3 53.37 12.83 29.05
9 500 60 1: 4 1 54.06 12.24 28.97
K 29.237  29.460 29320 29.927

K> 29957  29.890 29.293  29.333
Kz  29.100 28.943 29.680  29.033
R 0.857 0.947 0.387 0.894

x8 WABEHFEXKBER

Tab. 8 Design and results of orthogonal experiment with

saturated solution method

sl KW e/ R TM-40000 BHE BRE KRG
5 J#/C rmin' 8/ SBEB-CD #/% #/% if4

1 30 40 6 103 73.71 1821 40.41
2 30 60 8 1: 4 7389 18.63 40.73
3 30 80 10 105 74.72  17.72  40.52
4 40 40 8 1.5 75.87 1729 40.72
5 40 60 10 103 76.02 18.14 41.29
6 40 80 6 11 4 7526 1872 4134
% 50 40 10 104 7735 1736 41.36
8 50 60 6 105 7836 19.47 43.03
9 50 80 8 103 73.69 1831 40.46
K, 40553 40.83 41.593  40.720

K> 41117 41.683 40.637  41.143
K3 41.617 40.773 41.057 41.423
R 1.064 0910  0.956 0.703

HE 6 45 Farkn, DLW 64 A i i
FETZSHW N EREN 60 min, A ZEE
5 SBE-B-CD HIE &L A 211, TM-4000 #I
SBE-B-CD [MEHEL N 1 : 4.

& 7 S50, DU G E Y
HELZESH T BAEIZN 400 W, I )Y
45 min, TM-4000 fil SBE-B-CD [ E &L A 1 : 5.

& 8 iR nrkn, DMERARIEHSEEY
PIRE TSN L KBRS N 50 C, #HEh
60 r-min”", )2 S5 8] 9 6 h, TM-4000 Al SBE-B-CD
MERINT S,
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A 10 Comin~', FHETE Y 30~180 °C, 437l
P EIARFE AT, SR WA 2. HEW 0,
TM-4000 JFURIZ57E 110 °CHITR M S, 7EY) 3R
BN 2R A S AT SR TE T T L, BB AEA)
HVRAYIF TM-4000 FIEA R KA AR, mas
Y2 TM-4000 PRI sl 2%, BRI 28R
5 SBE-B-CD 24, $iHH TM-4000 B4 7] fE 34
IR L .
2.4.2 ZAMEIERE B TM-4000. SBE-B-CD.
BWEMEYMBREY XA KBr &R, fE
400~4 000 cm™" A FEAT L0 AN, 4558 WK 3.
B E %0, TM-4000 5 SBE-B-CD ¥R &Y
AN EE IR A A B &, A&
5 SBE-B-CD ML 4hEE LL AL . A&+
TM-4000 7E 2 961.79, 1727, 1627, 1486, 1426,
1172, 1 025 cm 'S4 M IEIEEIW K, £H
TM-4000 &4 SBE-B-CD 1%,

TM-4000

30 4I0 SIO 6I0 7I0 8IO 9IO 10I0 1;0 1I201£‘>O 1I401l5016!017I0180
7/°C
2 TM-4000 E#25. MEREM KRG EHNEXBH
B &
Fig. 2 DSC curve of TM-4000, physical mixture and
TM-4000 SBE-B-CD inclusion compound

2.5 BN EE

AR H [ 24 48 2015 AR R HE B2 5 R AT I
HH RS o ¥ HH AT 40 AR R pHL 2.0 1 Bh R VA VR
pH 4.5 [BFER ¥ WO pH 6.8 IR 2k 7 i
900 mL, KM EEIMNENEBROCEEAE, Rl K H
247 nm. FRELEF 12.5 mg TM-4000 [ JE R 2. )
HIR G AE S, BN A F, 55T 5, 10,
15, 20, 30, 45 A1 60 min BUFE 5 mL, F4M0E14&
VA A o BERVAMOE 0.45 pm JERE, FELA])E
W, e SO A, THE TM-4000 (1) R R
VR
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Fig. 3 IR spectrum of TM-4000, physical mixture, SBE-B-CD and TM-4000/SBE-B-CD inclusion
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7£ pH 2.0 pH 4.5 1 pH 6.8 /)5, Sk Z4.
VIBIR G S ALE I L0 4. 7E pH 2.0
A 60 min Y, TM-4000 K ERZG00E L T 7%,
A GYIRE HTIE 80%E 47, WIFEIR &Y
G OLEUF R ZG A LU B 18 &, (AHRALE 19%70

4. fE pH 4.5 F1 pH 6.8 /M Filfis i e+, &
EF IR TR S TM-4000 ¥ H R 1 E
B, W EEEIA R 1% 53%. 25 LA,
SBE-B-CD X} TM-4000 [1]£L&1F &3 o3 1
TM-4000 F 7% H s 2 0 B2

pH 2.0 pH 4.5 pH 6.8
100y IR 1003 —— st /ey 1001 pri £
o aan 1 wamn gol—— &Y
TM-4000 = 89 TMm4000 2 % TM-4000
2 B o]
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= &
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. By L ¥
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Fig. 4 Accumulative dissolution of TM-4000, physical mixture and TM-4000-SBE-B-CD compound in pH 2.0, pH 4.5 and pH

6.8 medium
3 iie

SBE-B-CD 1E N2k bl R A /KIEELF, A&
Ae 1k, AEVIMHAEMEG SRS R A,
SBE-B-CD X} TM-4000 3880 B3, Fil
fil & B EWE, % KRR TM-4000 A H
MR, KBHBTRESENEYRIHE. BRI pH
B 5207 SBE-B-CD %t TM-4000 [ A RE 1, #£
pH fEN 1~3 I, MR I R00R . ARG R RS 25 AR
s B RESZ IR e, BE A R T
HHEER, RMAAEYERE. £ pH 2.0,
pH 4.5 }% pH 6.8 FIIEH /i H, TM-4000 B.64)
ME B ERIER A TR KIS, 421, B
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MW R, % 25 B R LA St T iR R
&I R
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