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Fig. 8 Temperature-dependent changes in the values of ¢ of DOPC liposome.
r values were calculated from the ESR spectra of multilamellar vesicles composed of DOPC and labeled with 16-DSA, and were plotted along the
temperature changes. ¢ values decreased in every series of ESR spectrum as the temperature rose.
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Fig. 9 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of egg yolk phosphatidylcholine
and labeled with 5-DSA.

The spectra of vesicles composed of egg yolk phosphatidyicholine
(EYPC) and Iabeled with 5-DSA were measured with modulation
width of 0.20 mT at 20 and S0°C without (control) or with sevoflurane
or isoflurane. The amplitude of the signal with 5-DSA expanded and
the A nqy lessened as the temperature rose.
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Fig. 10 Temperature-dependent changes in the values of § of EYPC liposome.
8 values without (contrel) or with sevoflurane or isoflurane were calculated from the ESR spectra of liposome composed of EYPC and labeled with
5-DSA or 16-DSA, and were plotted along the temperature changes. S values decreased in every series of ESR spectrum a3 the temperature rose.
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Fig. 11 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of EYPC and labeled with
16-DSA.

The spectra of vesicles composed of EYPC and labeled with
16-DSA were measured with modulation width of 0,20 mT at 20 and
50 °C without {control) or with sevoflurane or isoflurane. The
amplitude of the signal with 16-DSA expanded and the A, lessened
as the temperature rose.
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Fig. 12 Temperaturc-dependent changes in the values of r of EYPC liposome.
+ values were calculated from the ESR spectra of multilamellar vesicles composed of EYPC and labeled with 16-DSA, and were plotted along the

temperature changes. ¢ values decreased in every seties of ESR spectrum as the temperature rose.
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ORIGINAL

Effects of inhalation anesthetics and temperature on
electron spin resonance spectra of spin labels incorporated into lipsome

Kunie Kimura?, Toshifumi Hiraoki®, Makiko Shibuya®),
Kazuaki Fukushima® and Kuniaki Suzuki®

ABSTRACT: The effects of inhalation anesthetics, sevoflurane and isoflurane, and the temperature on electron spin resonance (ESR)
spectra of multilamellar liposome were investigated. Liposomes were composed of dimyristoylphosphatidylcholine (DMPC),
dicleoylphosphatidylcholine (DOFC) or egg yolk phosphatidylcholine (EYPC), and labeled with 5-doxyl stearic acid (5-DSA) or
16-doxy] stearic acid (16-DSA). The ESR spectra were measured at different temperatures from 10 to 50°C. Changes in the shape of the
spectra were observed, and the order parameter S and rotational correlation time ¢ were calculated from the spectra.

In all liposomes composed of DMPC, DOPC or EYPC, the amplitude of the signal with either of 5-DSA or 16-DSA expanded and the
spectral hyperfine splitting {An) lessened as the lemperature rose, suggesting enhanced mobility of radicals. In the absence of
anesthetics, the S value of 5-DSA and the S and r values of 16-DSA incorporated into a saturated fatty acid, DMPC, sharply decreased
at around the phase transition temperature, but those of unsaturated fatty acid, DOPC, and EYPC, decreased gradually as the temperature
rose in the wide range of temperatutes, also suggesting enhanced mobility of radicals in both. The anesthetics at clinical concentrations
did not change the ESR spectrum of any of the liposomes. Sevofiurane and isoflurane of which concentrations were 1000 times higher
than clinical dosages decreased the S and ¢ values in the low temperature range, suggesting an increase in membrane fluidity, but the
effects decreased with increases in temperature. The action of sevoflurane was weaker than that of isoflurane and did not affect the S
value of 5-DSA in DOPC or EYPC liposome.

These results suggest that the fluidity of the liposome membrane increases with rises in the temperature irrespective of the presence of
anesthetics and that the anesthetics increases the fluidity of the membrane especially at the low temperature and shifts the phase

transition temperature of saturated fatty acid to a lower temperature.

Key words: electron spin resonance, liposome, inhalation anesthetics, order parameter S, rotational correlation time r , phase transition
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Fig. 1 A representative ESR spectrum of a nitroxide radical.
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Fig. 2 Temperature-dependent changes in ESR spectra of small
unilamellar vesicles composed of dipalmitoylphospha-
tidylcholine and labeled with 5-doxyl stearic acid.

The spectra of vesicles composed of dipalmitoylphosphatidylchol-
ine (DPPC) and labeled with S-doxyl stearic acid (5-DSA) were
measured with modulation width of 0.20 mT at 15, 37 and 40 T
(upper three spectra) and with medulation width of 0.08 mT at 40 and
50T (lower two spectra). The amplitude of the signal with 5-DSA
expanded and the spectral hyperfine splitling (Ama) lessened as the
temperature rose,
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Fig. 3 Temperature-dependent changes in ESR spectra of small
unilamellar  vesicles composed of dipalmitoylphospha-
tidylcholine and labeled with 16-doxy! stearic acid.

The spectra of vesicles composed of dipalmitoylphosphatidylchol-
ine (DPPC) and labeled with 16-doxyl stearic acid (16-DSA) were
measured with modulation width of 0.08 mT at 20, 40, 45 and 50T.
The amplitude of the signal with 16-DSA expanded and the spectral
hyperfine splitting (Amay) lessened as the temperature rose.
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Fig. 8 Temperature-dependent changes in the values of order parameter S.

S values were calculated from the ESR spectra of MLVs or SUVs composed of DPPC, DMPC, DOPC or EYPC and labeled with 5-DSA or
16-DSA, and were plotted along the temperature changes. S values decreased in every series of ESR spectrum as the temperature rose.
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Fig. 9 Temperature-dependent changes in the values of rotational correlation time r .
7 values were calculated from the ESR spectra of MLVs or SUVs composed of DPPC, DMPC, DOPC or EYPC and labeled with 16-DSA, and
were plotted along the temperature changes. ¢ values decreased in every series of ESR spectrum as the temperature rose.
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Fig. 4 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of dimyristoylphosphatidylchol-
ine and labeled with 5-doxyl stearic acid.

The spectra of vesicles composed of dimyristoyiphosphatidylchol-
ine (DMPC) and Iabeled with 5-doxy] stearic acid (5-DSA) were
measured with modulation width of 0.20 mT at 10 and 20T (upper
two spectra) and with modulation width of 0.08 mT at 20, 25, 30 and
50°C (lower four spectra). The amplitude of the signal with 5-DSA
expanded and the spectral hyperfine splitting (Am..) lessened as the
temperature rose.
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Fig. 5 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of dimyristoylphosphatidyichol-
ine and labeled with 16-doxy! stearic acid.

The spectra of vesicles composed of dimyristoylphosphatidylchol-
ine (DMPC) and labeled with 16-doxyl stearic acid (16-DSA) were
measured with modulation width of 0.20 mT at 10, 20 and 25 T
(upper three spectra) and with modulation width of 0.08 mT at 25, 30
and 50 C (lower three spectra). The amplitude of the signal with
16-DSA expanded and the spectral hyperfine splitting (A lessened
as the temperature rose.
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Fig. 6 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of dioleoylphosphatidylcholine
and labeled with 5-doxyl stearic acid or 16-doxyl stearic
acid.

The spectra of vesicles composed of dioleoylphosphatidylcholine
(DOPC) and labeled with 5-doxyl stearic acid (5-DSA) (upper three
spectra) or 16-doxyl stearic acid (16-DSA}) (lower three spectra) were
measured with modulation width of 0.08 mT at 20, 37 and 50C. The
amplitude of the signal with 5-DSA or 16-DSA expanded and the
spectral hyperfine splitting (Ama) lessened as the temperature rose.
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Fig. 7 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of egg yolk phosphatidylcholine
and labeled with 5-doxyl stearic acid or 16-doxyl stearic
acid,

The spectra of vesicles composed of egg yolk phosphatidylcholine
(EYPC) and labeled with 5-doxyl stearic acid (5-DSA) (upper three
spectra) or 16-doxyl stearic acid (16-DSA) (lower three spectra) were
measured with modulation width of 0.08 mT at 10, 37 and 50C. The
amplitude of the signal with 5-DSA or 16-DSA expanded and the
spectral hyperfine splitting (Amay) lessened as the temperature rose.
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Effects of phosphatidylcholine components and temperature on

electron spin resonance spectra of spin labels incorporated into lipsome

Kunie Kimura!, Toshifumi HiraokiZ, Makiko Shibuya,
Kazuaki Fukushima! and Kuniaki Suzuki®

ABSTRACT: The effects of phosphatidylcholine components and the temperature on electron spin resonance (ESR) spectra of small
unilamellar vesicles (SUVs) or multilamellar vesicles (MLVs) were investigated. SUVs or MLVs were composed of di-
myristoylphosphatidylcholine {DMPC), dioleoylphosphatidylcholine (DOPC), egg yolk phosphatidylcholine (EYPC) or di-
palmitoylphosphatidy!choline (DPPC), and labeled with 5-doxyl stearic acid (5-DSA) or 16-doxyl stearic acid (16-DSA}. The ESR
spectra were measured at different temperatures from 10 to 50C. Changes in the shape of the spectra were observed, and the order
parameter S and rotational correlation time r were calculated from the spectra.

The amplitude of the center signal in 5-DSA incorporated into phosphatidylcholine (PC) was large compared to those of the upfield
and downfield signals, suggesting that the movement of the radicals was slow and anisotropic. The spectral hyperfine splitting (4 m..) of
the spectra with 16-DSA/PC was smaller than that with 5-DSA incorporated into the same kind of PC, suggesting that the movement of
radicals of 16-DSA was more isotropic and that the speed of rotation was faster than those of 5-DSA. It was also suggested that the
radical of 5-DSA located nearer to the surface of liposome than that of 16-DSA, as the 5 values of 16-DSA were smaller than those of
5-DSA.

The amplitude of the signal with 5-DSA and 16-DSA expanded and Anmax lessened as the temperature rose, suggesting enhanced
mobility of radicals. The § and r values of two saturated fatty acids, DMPC and DPPC, decreased sharply at around the phase transition
temperature, but those of unsaturated fatty acid, DOPC, and EYPC, decreased gradually in the wide range of temperature changes.

These results suggest that the fluidity of the liposome membrane increased with rises in the temperature in the liquid crystal phase and
that extents of the change at the phase transition temperature varied depending on the PC components. [t was also suggested that MLVs
composed of DMPC, DOPC, or EYPC, should be selected according to the experimental purposes when studying the effects of general

anesthetics on liposomes as a model of the biomembrane and the temperature dependency.

Key words: electron spin resonance, liposome, order parameter S, rotational correlation time 7 , phase transition
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Information of Ichinobo Hotel
Address: 1-4 Hama Takagi, Miyagi-gun, Miyagi, 981-0215, Japan
T E L:+81-22-353-3333
F A X:+81-22-353-3339

E-mail: m_yoyaku@ichinobo.com

Traffic Information

JR Tohoku line: From Sendai to Matsushima 25 min 400 yen
JR Senseki line: Rapid train: 25 min
: 400 yen
From Sendai to Matsushima Kaigan Local train: 40 min
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