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Spectroscopy study on the interaction of y-cyclodextrin and its two derivatives with rocuronium and vecuronium
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[Abstract] Objective To study the interaction of y-cyclodextrin (y-CD) and its two derivatives with rocuronium and
vecuronium. Methods The interactions of y-CD and its two derivatives HS-7, Sugammadex with rocuronium and vecuronium
were characterized by Isothermal Titration Calorimetry (ITC), and the thermodynamic constant and the binding constant was
determined. The binding constant and inclusion ratio of y-CD with rocuronium and vecuronium was observed by ultraviolet-
visible spectrophotometry; the binding ability of three cyclodextrins with rocuronium and vecuronium was analyzed by nuclear
magnetic resonance spectroscopy COSY and ! HNMR. Results The results of ITC showed that HS-7, Sugammadex combined
with rocuronium and vecuronium in a 1 ¢ 1 molar ratio, and y-CDs combined with rocuronium in a 2 : 1 molar ratio, with the
binding constant of HS-7 and rocuronium being (3. 4442, 18) X 10" L/mol, HS-7 and vecuronium being (5. 80 £ 1. 83) X
10° L/mol, Sugammadex and rocuronium being (1. 0440, 34) X 10" L/mol, Sugammadex and vecuronium being (2. 53=+1. 07) X
10° L/mol, and y-CD and rocuronium being (2. 84+ 3. 41) X 10'L/mol. The results of ultraviolet-visible spectrophotometry
revealed that y-CDs combined with rocuronium and vecuronium in a 2 ¢ 1 molar ratio, with the binding constant of y-CD and
rocuronium being 6. 93 X 10*L./mol, and of y-CD and vecuronium being 5. 17 X 10" L./mol. The results of nuclear magnetic
resonance spectroscopy suggested that the binding ability of HS-7 with rocuronium and vecuronium was stronger than that of
Sugammadex and y-CD. Conclusion The binding ability of HS-7 with rocuronium and vecuronium is stronger than that of
Sugammadex and y-CD, and the three methods used in this study (ITC, ultraviolet-visible spectrophotometry and nuclear

magnetic resonance spectroscopy) can characterize the inclusion complex from different perspectives.
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Tab 1 Thermodynamic parameters of HS-7, Sugammadex, and y-CD combined with vecuronium and rocuronium

N (Sites), x=s k (L'« mol™1), x4 AH (J « mol™ 1), x*s AS (J +mol™! « K™D

With vecuronium

HS7 0.617+0. 004 (5. 8041.83)X10¢ —45 980+673. 3 —24.7

Sugammadex 1. 090=£0. 001 (2.5341.07) X108 —38 760+832. 5 —7.4

v-CD 0.078+0. 428 (6. 7243.86) X10° —116 60065 700 —318.0
With rocuronium

HS-7 0. 661+0. 004 (3. 4442, 18) X107 —25 650+374. 2 58.3

Sugammadex 1. 040+0. 005 (1. 0440. 34) X107 —26 540+289. 6 45. 4

v-CD 0.463+0. 263 (2.8443.41) X10* —11 1308 178 48.0

HS-7: Amo0498-16; y-CD: y-Cyclodextrin
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1/D b 1/[CDJo* fF i — B4 T3/ %
B v-CD 5252 4 55 k.
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xR2 —RIFEAREN v-CD SHMEEMHNRBTEZE
Tab 2 Difference of absorption values in series of

drugs/y-CD solutions

v-CD : Drug AD (Rocuronium) AD (Vecuronium)
2:1 0.0239 0. 029 0
3:+1 0. 009 0 0. 008 9
3:2 0.015 4 0.0011
1:1 0.0101 0.000 7
1:2 0.019 8 0. 000 8
1:3 0.013 6 0.009 3
2:3 0.0159 0. 000 3

v-CD: y-Cyclodextrin; Drug: Rocuronium or vecuronium

Bl v-CD e FE 38 i, v-CD 5% Byl g i 1
G O B BB 2 3 R AR A =0 (D, B 1/D X
1/LCD o2 [, k5 FE Sk : y=0. 000 04 x—+2. 771
1(*=0.986 1), k=6.93X10" L/mol,

Bt v-CD ¥ B3 hn . v-CD 55 4 A Y5 8% 1 £
B W6 % B 2 3G R AR (D, B 1/D Xt
1/[CDJo* [l U, £k ¥ 77 2 h: y = 0. 000 05 = +
2.586 64(r*=0.978 9) , k=5, 17X 10*L/mol,

OH
A |HgHpo H1
N_H?\
o
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Sugammadex 5 JJL#A 25 1) 42 & F F ig K F v-CD,
HS-7 43,4 % PE VR St 1 H3 Ak 22 45 B A8 AL R T
Sugammadex 5 % JE R £, (0 H5 14k 0 B A
TR /I PRI T ¥ v A ) I HS-7 5 20 PR i 11
BAEHRAIE KT Sugammadex 5% IR B AL &
YERT; A HS-7. Sugammadex 7351 5 4 4 I8 £ (1
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Fig1 'HNMR spectrum of y-CD and the inclusion complex of y-CD with rocuronium

A: Hydrogen peak position of y-CD corresponding to its structure; B, C:' HNMR spectrum of the inclusion complexes of y-CD

with rocuronium (B) and y-CD (C). y-CD:y-Cyclodextrin
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Tab 3 Chemical shift changes of rocuronium and vecuronium before and after inclusion in three cyclodextrins

v-CD combined rocuronium

HS-7 combined rocuronium

Sugammadex combined rocuronium

Tave Before After Change Before After Change Before After Change
H-1 5. 053 8 5.053 2 0. 000 6 5.120 1 5.094 8 0.025 3 5.135 8 5.091 2 0.044 6
H-2 3.598 4 3.636 4 —0.0380 3.589 1 3.653 8 —0.064 7 3.575 3 3.6457 —0.070 4
H-3 3.877 1 3.786 3 0.090 8 3.870 5 3.682 8 0.1877 3.894 9 3.714 2 0.180 7
H+4 3.5632 8 3. 560 4 —0.027 6 3.563 1 3.445 6 0.117 5 3.601 6 3.476 8 0.124 8
H-5 3.8115 3.786 3 0.025 2 3.952 3 3.682 8 0. 269 5 4.002 7 3.714 2 0. 288 5
- v-CD combined vecuronium HS-7 combined vecuronium Sugammadex combined vecuronium
fpe Before After Change Before After Change Before After Change
H-1 5.054 5 5.056 0 —0.001 5 5.118 9 5.107 1 0.011 8 5.139 1 5. 106 6 0.032 5
H-2 3.599 2 3.6331 —0.033 9 3.588 3 3.659 0 —0.070 7 3.5785 3. 668 6 —0.090 1
H-3 3.894 4 3.826 5 0.067 9 3.870 4 3.690 9 0.179 5 3.898 2 3.7219 0.176 3
H-4 3.634 1 3.542 9 —0.008 8 3.562 3 3.4337 0.128 6 3. 604 6 3.490 6 0.114 0
H-5 3.830 2 3.826 5 0.003 7 3.952 4 3.690 9 0.2615 4.005 7 3.7219 0.2838
v-CD: y-Cyclodextrin; HS-7: Amo0498-16
A HNMR K COSY 45 52047, TR0k 5

i kB AR, H2 He [0k # 50, il g
HH T LA 24 58 0 R i 0 3 Ji b o DTG 2028 T 1) 2 (]
GEAL R A AR A T R B MR 5 PR 11
H3 #1 HS5 [0 537 %% g vl G802 th T WAL 25 4544 Hh Y
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