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Abstract: Objective To prepare tetrahydropalmatine (THP) and B-cyclodextrin (B-CD) and its derivatives inclusion complexes
(HP-B-CD, DM-B-CD, and TM-B-CD and explore their inclusion behavior and properties. Methods The inclusion complexes of THP
with B-CD, HP-B-CD, DM-B-CD, and TM-B-CD were prepared by saturated solution. The inclusion ratio and stability constant of
inclusion complexes were determined with the Job plot and UV-vis spectroscopy. The THP/CDs complexes were characterized and
determinated by means of XRD, TG, and SEM. The molecular simulation was processed to investigate the inclusion behavior of THP
and different CDs. The water solubility of the inclusion complexes was measured and the stability test was conducted in the simulated
human gastric juice and intestinal fluid environment. Results Job plot and UV-vis spectroscopy showed that inclusion ratio of
host-guest inclusion complexes was 1 . 1. Molecular docking showed that the entire THP entered the macrophage port and run through
the cavities of f-CD and DM-B-CD, with the two aromatic rings located at the large and small mouth, respectively. For HP-B-CD and
TM-B-CD, the two nitrogen heterocycle of THP were “V” shaped inlaid into the CD cavity, and both aromatic rings were located at the
large end of the CDs. Conclusion The solubility of tetrahydropalmatine was increased from 0.30 mg/mL to 1.60, 3.40, 9.13, and 4.02
mg/mL for B-CD, HP-B-CD, DM-B-CD, and TM-B-CD, respectively. The thermal stability and biological environment stability had
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been significantly improved.
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2.1 AiENE
2.1.1 THP MbriEh4: 2 nlBcHlRE N 0.0364
0.052. 0.068. 0.084. 0.100. 0.116. 0.132. 0.148
mmol/L ) THP FIEEER, FFAER RIS 282
nm AL E AR . SRIG 5 I LA FE (C) RO
FE () E1EE], S20FRMElZ . HAM TN A=
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2.1.2 Job HIZLMIE EH Job LA LI E THP
Lj B-CD K HATAEDBE I T = 4EHF THP
A1 B-CD M HLATAEYI B EE N 0.088 mmol/L, 7E
pH 3.0 (G 43 I i) — R B BE ) THP &5
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0~1 AFAL2E20 SRS 7E 282 nm ALIIE 4 1H. I
K1 i o 0.5, FTLLAITH THP 5
B-CD K HATHEM B EMHIEE AR 11 1.
2.1.3 AR OB E SRS [EE THP MR
(0.08 mmol/L) A48, 7£ 0~4.00 mmol/L £¢4F B-CD
K HATAEMIMR E (B-CD pH {8 3.0: 0.00. 0.16+
0.32. 0.47. 0.67. 0.96. 2.80 mmol/L, pH & 10.5:
0.00.0.16.0.23.0.32.0.47.0.67+ 0.96. 1.37 mmol/L;
HP-B-CD pH {# 3.0: 0.00. 0.16. 0.23. 0.32. 0.47.
0.67. 0.96. 1.37. 2.80. 4.00 mmol/L, pH & 10.5:
0.00. 0.08. 0.11. 0.16. 0.23. 0.32. 0.67. 0.96.
1.37. 1.96 mmol/L; DM-B-CD pH 14 3.0: 0.00. 0.11.
0.16. 0.32. 0.47. 0.67. 0.96 mmol/L, pH {4 10.5:
0.00.0.32.0.47.0.67.0.96. 1.37.2.80.4.00 mmol/L;
TM-B-CD pH 1 3.0: 0.00. 0.16. 0.23. 0.47. 0.67.
0.96. 1.37. 1.96. 2.80. 4.00 mmol/L, pH {H 10.5:
0.00. 0.11. 0.16. 0.23. 0.32. 0.47. 0.67. 0.96.
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Fig. 1 Job plots for THP and B-CD and its derivatives
complex at pH 3.0
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illustration was the nonlinear least-squares analysis (inset) to calculate thermodynamic changes of complex

2 THP £ pH10.5(A. C. EF1 G [E) #1 pH3.0 (B. D. F 1 H [E) ZEHARKD 5T EIIRIRERLEIN-AT WAL EER
Fig. 2 UV-Vis spectral titration diagram of THP with different cyclodextrin at pH 10.5 (A, C, E, and G) and pH 3.0 (B, D, F,
and H) buffer solution
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77 #E R A] 78 A THP+CDs==—=THP*CDs.

Y5 RAMA-LL R EE, 4 [THP-CDs]=A4/As,
M3 i E w8 (K) N

K=(AA4/Ae)/{([THP],— A4/Ae)([CDs]y— A4/Ae)}
AA F7RH JE CDs 1745 F THP [ A {67254k, Ae T/ H JE CDs
FEAE T THP FIEE/RVH G RENZ1E: [THP], %7~ THP )5
BIRFE; [CDs]y &7~ CDs B

W, AR E pH /K THP 5 B-CD &
HATEDBAYR) KAEAG T H Hie e (-AG*)
(X D. NE 2 HEEE, SLRESHEBERAR
TR 2L, B8 BA AR RAE, B THP 5 B-CD
KEATEYA YL 101 3 TEER, X5 Job HiZk
BRI R —E.

#Fz 1 THP 5 B-CD RESNTEMTE pH 3.0 F1 pH 10.5 F K
K, F1—-AG°

Table1 K, and —AG® for inclusion complexation of THP with
B-cyclodextrin and its derivatives in pH 3.0 and pH 10.5

Ffk pHMH KJ/mol'  Igk,

—AG®°/(KJ-mol ™)

B-CD 3.0 955 29795 17.009
10.5 1719 3.2347 18.466
HP-B-CD 3.0 1222 3.086 5 17.620
10.5 2 096 3.3208 18.957
DM-B-CD 3.0 1744 32410 18.502
10.5 1 835 3.2630 18.628
TM-B-CD 3.0 1219 3.085 4 17.614
10.5 2216 33450 19.095

22 BEYNHIESRIE

2.2.1 THP 5 B-CD KHATAMWEMHIGI% 4
HIVERAFREL THP 3.6 mg. B-CD 22.7 mg. HP-B-CD
29.2 mg. DM-B-CD 26.6 mg 1 TM-B-CD 28.6 mg T
25 mL [FJEFEM, M 2 mL HEEA 8 mL /K, =Eif
TR 1A, SREH 0.45 pm LIRS, U8
JEZEM, IFT 50 CTFEZTE, B
“EY
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AV, WHRSRESN, &

223 MESHT (TG) 4 BIEMFREUEE & THP.
THP/B-CD &4&4%). THP/HP-B-CD &%), THP/
DM-B-CD & %A1 THP/TM-B-CD E447 9.5.3.1.

2.8, 7.2, 4.0 mg. {£ N, Vi 70 mL/min &, &&EFH
g2 10 °C/min, FHEVER 25~500 'C. MK 3
TG #iZd nl 51, THP K/l E 2 263.31 C,

B-CD. HP-B-CD. DM-B-CD F1 TM-B-CD HJ 43 fi# i
£ 43 HITE 282.03. 297.03. 302.03. 310.01 'C, ifijd:
& B PRSP 53 I 238.82.243.11,238.69+
291.04 CHARH IS mi, H B i B T 259
T RIRRIRE o T iR S . 52 M, s
VI o IR B S A AR K 4w, 3908 277.39,

288.59. 270.42. 320.71 ‘C. \ALEW S Tk, ik
AR G o AR R PR B 6k 22 S T LI, THP
5 B-CD KHATHEMBIUR T OEY, I HIER
AR R EFR TR

224 X LM ARATH N (XRD) 43 AIFREL—
ERFE G, WESKE AN Cu Ka (K=1 546.0
nm, 100 mA, 40 kV, FfHEZR 5°/min, 7E 203°~
50 AT, BEIWE 4 FRr XRD K. K
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E AR, EATRI R BAFAEE S B HBLAE 20:

2.03°, 6.10°. 7.32°. 10.30°. 8.18°~10.90°4t,

HP-B-CD 2L E LM BN EEY M ELAEA
FERE B35 4 T A8 4k, HoA THP/B-CD & W7E 20:
12.66°40 I 1 ANSRBART . 58 FE I e B AE V5

THP/HP-B-CD &4 HP-B-CD —HE# T E T
IR, {H HP-B-CD 7£ 26: 15.00°~35.00°HHH 1 %
KHEVRFEWE, T THP/HP-B-CD &4 5 fE 0
HHELAE 26: 15.00°0~22.00°, UM FI5E B 5 (X 5]
F HP-p-CD; THP/DM-B-CD &M 25 514R 1)
ToEEAS: THP/TM-B-CD G &5 AR, 1F 20:
8.36°Kb B 1 ANFRAERH BAK T TM-B-CD [0, If
HIHAE 20: 16.00°~30.00°4L I E#a T P42, 1
TP ER S0 2P R B A B 2 P, 1§
(5 My, HIRREE S % B I EE Y EA
] o 2230t E AL & A5 9 XRD 3% B ] BLAGHIE, THP
5 B-CD KHATHEMIE M BEMELEN FRET
AN FIFEFE AR o

225 HMB RS (SEM) MK S ATLL
FEi, THP 2 K/NAFEMPOR &4, B-CD. HP-B-
CD. DM-B-CD Al TM-B-CD 435I £ 44K« 5 FLIDER
R AL DERAR FLI AR, e
IRAVBIAELEIX 2 R ) sm AR &5 4, AL 2 Bl o
TSR A, T EEPES R R I — L 1 g
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AAFBIESHFE, HH THP/B-CD &Y EAM
W FIECIR, THP/DM-B-CD 0 &4 HI & TH 5 e
> THP/TM-B-CD &R R LR . IXLEH i
FIAZALBLH] T THP A1 B-CD S HATAEMIIE R 7 6
¥, FHEREEYE, HaRmE RIS R A
T2,

22.6 THP 5 B-CD MHATAEMRIXIHEE 707X
TERF I BAR D T4 A E) 2 R P,
B JC1E Gaussian View H1#4% THP Al B-CD M HAT
VIR EERE, R4 PM3 7 VAR TEAT A FR A 1
RIZ 264 N AT, B2 AERE T o, ik
WAL S B 7 TR R AL T/ Re RS . A I
it EI1E Gaussian 03P Vbt 58 . FRE

C
5 THP SIS &K R SEM
Fig. 5 SEM micrographs of THP with CDs inclusion complex system
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HATAmr s SRR L, DIAHIR
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. MRIEEGREAL, SERTER, MRk,
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Al TM-B-CD TE45 A fEN-5.14. —6.53. —5.83. —6.93
keal/mol [{1F& E M G (& 6). 45 K W], THP 5 B-CD
S HATAZ B ) AR AR g aiiae Jy, H
IeRasE 45 AR A2 THP M B-CD S AT
KA AR Z, BA THP HFE
B-CD H1 DM-B-CD B i, Jf H. 2 NF5EH45 5
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A-THP/B-CD {44%) B-THP/HP-B-CD {44 C-THP/DM-B-CD {344 D-THP/TM-B-CD &%) al~dl Fntl

ERBHILE  a2~d2 TR AH R EAE

A-THP/B-CD complex B-THP/HP-B-CD complex C-THP/DM-B-CD complex D-THP/TM-B-CD complex al—dl

represent top view of inclusion model a2—d2 represent front view of inclusion conformation

6 THP/B-CD REITEYE SR ULARE

Fig. 6 Optimized conformation between THP and p-cyclodextrin and its derivatives inclusion complex systems

AT KA/ H%g; XFF HP-B-CD F1 TM-B-CD
Kit, THP )2 NMEHRIHE V7 FZRIEHREIH]
K2 A, T 2 A 55 B PR R T BRI 1K 1 3
2.3 S5 EEMRR

2.3.1 THP 5 B-CD K IHLATAMEEPII K
W B RS EAER ATEP R E THP &I
LG YIE AW BV R FE - i B 1) THP A
G 2 mL KH (pH HZI N 7.0), EEEHi+: 3 h,
VS JEROR AT, MRS TR AT . RA
2 it it 515 %) THP/B-CD. THP/HP-B-CD. THP/

DM-B-CD 1 THP/TM-B-CD 4 Fi i &4 THP %
FRFE 73 18 1,60 3.40. 9.13. 4.02 mg/mL, MMii%ME
A FE (0 7 00 52 19 31 THP FI¥ % E 8 0.30 mg/mL.
AL &, B-CD. HP-B-CD. DM-B-CD F1 TM-B-
CD {f THP BV e A 5.3 1.3, 30.4.
13.4 £, X BLEHTE B AP0 I THP FIVE RS 281
B

2.3.2 THP 5 B-CD KHATAYEEYFR e il
RN TP B-CD KHATAEME AN THP 3
PRI AR AE 17, AT e THP % 4 R &S5 1



* 3616 ° LE X ]

Chinese Traditional and Herbal Drugs 2% 49 %% 3 153 201848 A

FOE MERHT 7S AEEMAKRBIR (pH 1.5) A
il (pH 7.6) M EEH 2644+ F, M 7 THP 5 B-CD
K HATEDOED R RN, W 7 Fros, Hd
A NEE (1242) h TR, Ao REIEWROG B .
AR % 10 25 mL A28, #BIA
— SEARFR THP ¥, SRS TE R4 8 AN B H A
& & B-CD M HATAEY), AR 11 4 BB
pH 1.5, 7.6 MZEMIEIRESR  Frit s & — BUN A
Ja, TaRORW K MR (1242 hillE 1k 4
o FTASLI-PATIE 3 K.

MEL 7 0E H, TR AERR IS R AE ST 5
N, THP SR 58 SR 32 B A6 T a] PR 38 i 22
IS, IXRE—ERE T THP 2121850 f# . 1MiAH
Lt THP 5 B-CD KHATAMNIBAEYIHRE, AL
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WA s, Hiemaies. f@@ﬂﬁmns
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THP/DM-B-CD &AM — Eziﬁi%,
YL JUR L S0t THP A2 58 P i s ROR Hh i
Uf; TMAHLE THP/TM-B-CD 64w, FLEIMK
WAL it 2 B BT ] 0 389 0 30 B ABOR, (R ¢ THP &
BERTET 459%, MEAESHHRETEER
THP £ N5 T 8.01%. TMIAEmis A, %R
MRS A RIS LR B THP S5 kS
AP FREE X THP ffa e A i E .
Ik, ATLAUESE THP S MG AT R &G, fag 4R
AAFRREN S, XWUH T IMRETE R
(ENIOETE

[ pH 7.6

100
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94

92

1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
t/h

7 THP (a). THP/B-CD €449 (b). THP/HP-B-CD B & (c)» THP/DM-B-CD E44) (d) 1 THP/TM-B-CD EE54] (e)

7£ pH 1.5, 7.6 FRIEXTIREE (4/4,) FERTEI (LAY AR E

Fig. 7 Relative values (4/4,) of THP (a), THP/B-CD complex (b), THP/HP-B-CD complex (c), THP/DM-B-CD complex (d),

and THP/TM-$-CD complex (e) at pH 1.5 and pH 7.6

3 it

X THP 5 B-CD A& HATAY) (B-CD. HP-B-
CD. DM-B-CD 1 TM-B-CD) 2 I8 ¥ i B BC A7 6 &
I EEAT AT, MENE, THP 5 B-CD
J HATAELERMEIREE N BFe e W B LR A T
FEOK, VLB THP fERPEIRES N A 5 STk AT
&, FHARKARES THP 1FaE &b A
[H, HEMWFHE: TM-B-CD>HP-B-CD>DM-
B-CD>B-CD . H 5 SCHR i 18 PR Hh F A0 SR T 1)
TECEAT FLIREE S Bk i, SR T AR 1 1E R
22 i rh A SRS, i HP-B-CD A R i T
RESEA ) 5 THP 4r TR RUH EAEF 77, Bk B 54k
IR 5 BAR T X B F e i 2L B-CD 2K .

XA B B PR B BE R3S n, A 4fe Jy i
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