J. of Korean Ind. & Eng. Chemistry,
Vol.9, No. 7, December 1998, 1090-1097

28 ojF M=z 0|25+ Lidocaine SIEEE0| 371/ Ao FdE
WNES ’:._F—E’—XP 9to| Wz ol ojxl= A

(19981 84

Effects of Lidocaine Compounds on the Expansion of
Lipid Monolayer at the Air/Water Interface

Suk-Young Choi, Seong-Geun Oh', and Ju-Seong Lee

Department of Chemical Engineering and Industrial Chemistry, College of Engineering, Hanyang University, Seoul 133-791, Korea
(Received August 21, 1998, accepted September 21, 1995)

TAB

o

2 o 2y nAAHZ o|4EE lidocaine FHEEC v EFHE Yl #4E Lotir] st AXHE FAsE AF olFHe EA Hxgo
2 27)/% AWl FAE A G & o] &3] lidocaine 3FEE0l AW A} o] Pl vA dFE ATEAh Lidocaineo] N7 A E
o} AapA HE ATHE FASE XD o|F LS BAAA olFdd Y dlAE ¢E5d o] FF o] T} AdHo AF Mo vy H
f}“ 71- 3}, @A o] ERo] £ lidocaine receptorol A FHo] o] F2E with: o] FAIR AF glo] AGHJG 2 AFelA

7 B34S Zhstnat s g xR B lidocaineo] WIRv BFE AP sGch
sphingomyelin, DS-PLYSE, lipoide] ©##F 2H& -’F%"V’ o1 phosphatidyl ethanolamine® 574 =4
A9 lidocaine-HCl €-& A& A14d BE N9 Gz s FPAAG

2l lidocaine phosphatidyl choline,
Aol uk ezt hg FAAAY vE 4

Abstract: Lidocaine compounds have widely been used as local anesthetics. Regarding the molecular mechanism for anesthesia by lidocaine, it is
proposed that lidocaine molecules penetrate to the hydrophobic region of cell membrane and expand the membane volume, producing a change in
protein conformation that blocks sodium permeability or lidocaine molecules directly adsorb into lidocaine receptor in the protein channel without
expanding the cell membrane. But these proposals have never been proven experimentally. In this study, the expansion of cell membrane by
lidocaine compounds was investigated by employing lipid monolayer at the air/water interface as the mimetic system of cell membrane. It was
found that oil-soluble lidocaine contracted the area/molecule of lipid in the monolayer of phosphatidyl choline, sphingomyelin, DS-PLI5E and lipoid,
but expanded the monolayer of phosphatidyl ethanolamine only in a certain range of mixing ratios. On the contrary, water-soluble lidocaine-HCl
salt expanded the monolayers of all lipids used in this study.
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Figure 1. Schematic diagram for the cell membrane
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Table 1. Characteristics of Lipids and Local Anesthetics Used
in Experiment

Composition (%) Molecular Manufac-

Weight  turer
(Pglgiphatldylcholme PC:99.1, SP:09 80025 =2
Phosphatidylethanol - PE:99.2, PC:01], =
amine (PE) neutral lipid:07 84 TR
Sphingomyeline(SP) SP: 100% 81397 Sk
DS-PLOE PC:75.2, PE: 153, SP: 2.1 76817 =N

lysoPC: 1.4, lysoPE: 1.2
PC:817, PE:7.8 SP:25,

Lipoid 80 lysoPC: 1.7, P:378, 474 FIAS
triglyceride : 2.7

Lidocaine > 990 % 2343 Sigma

Lidocaine-HCl salt > 990 % 270.8 Sigma

Ry, R COMPOSITION
Cpe136% Cq 18%

C ,, (double bond1):26%
C ,, (double bond 2):13%
C 5 (doubte bond 4):5%
C;(doubie bond 6):4%
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CH 0-COR,
co- PO 0-CH,CHMN(CHy )y
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Figure 2. Molecular structures of lipids and lidocaine compounds.
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Table 2. Saturated Area/Molecule (A% in the Mixed Monolayer
of Lidocaine and Lipids at Various Mixing Ratios

Mixing ratio between
lipid and lidocaine | 100:0 | 75:25 | 50:50 | 25:75 | 0: 100
Lipids
Phosphatidy] choline 89.7 59.1 39.7 196 56
Phosphatidyl 52 | 647 | 409 | 200 | 56
ethanolamine ’ ' ’ ' ’
Sphingomyelin 68.4 465 291 162 56
DS-PL5E 9%.5 63.7 421 21.1 56
Lipoid 90.7 63.8 435 236 56
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Figure 3. 7-A curves for phosphatidyl choline/lidocaine mixtures
at various mixing ratios
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Figure 4. 7-A curves for phosphatidyl ethanolamine/lidocaine
mixtures at various mixing ratios.
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Figure 5. 7-A curves for sphingomyelin/lidocaine mixtures at
various mixing ratios.
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Figure 6. 7-A curves for DS-PL9E/lidocaine mixtures at
various mixing ratios.
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Figure 7. 7-A curves for lipoid/lidocaine mixtures at various
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Figure 14. 7-A curve of phosphatidyl ethanolamine monolayer
on the pure water surface and 0.1% of lidocaine-HCl aqueous
solution.
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Figure 15. 7-A curve of lipoid monolayer on the pure water
surface and 0.1% of lidocaine-HC! aqueous solution.
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