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Fig. 3 ESR spectra of MLV labeled with 5-DSA in which
concentrations of isoflurane were different.
The amplitude of the signal with 5-DSA increased by 20-25 % as
the concentration of isoflurane became higher. The shape of the
spectra did not change very much.
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Fig. 4 ESR spectra of MLV labcled with 16-DSA in which
concentrations of isoflurane were different.
The amplitude of the upfield signal in 16-DSA increased as the
concentration of isoflurane became higher.
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Table 3 Concentration of anesthetics dependent-changes of order parameter S of MLV labeled with 5-DSA and 16-DSA.

73

S values obtained with 5-DSA decreased except for thiamylal, when the concentration of anesthetics was 100-1000 times higher than clinical dose.

The results with 16-DSA were almost the same as those with 5-DSA.

crderparameter S
clinical a tenfold a hundredfold . | a thousandfold
controt concentration concentration concentration concentration
5DSA
sevoflurane 0.69 0.70 0.69 0.68 0.66
isofiurane 0.68 0.68 0.69 0.65 0.63
halothane 0.68 0.69 0.69 0.65 -
ether 0.68 0.68 0.67 0.65* -
EtOH 0.70 0.68 0.68 0.63 -
propofol 0.70 0.70 0.68 0.68 - 0.67
thiamylal 0.69 0.70 0.70 0.70 -
16DSA
sevofiurane 0.15 0.14 0.14 0.14 0.12
isoflurane 0.15 0.15 0.16 0.13 0.09
halothane 0.15 0.15 0.15 0.11 -
ether 0.15 0.13 0.13 0.11* -
EtOH 0.15 0.15 0.11 0.13 -
propofol 0.15 0.14 0.13 0.14 0.10
thiamylal 0.15 015 0.16 0.15 -

*. fiftyfold concentration

Table 4 Concentration of anesthetics dependent-changes of rotational correlation time ¢ of MLV labeled with 5-DSA and 16-DSA.
r values decreased by 9-15 pico-second compared with control by the addition of sevofiurane, isoflurane, and halothane. However, ¢ values

increased by 9-15 pico-second by ethanol and propofol, remained unchanged by ether and thiamylal

T {10 % 85)
clinical tenfold hundredfold thousandfold
control concentration concentration concentration concentration
sevoflurane 41 44 443 42 32
isofiurane 41 40 48 40 34
halothane 41 37 45 24 -
ether a7 45 42 37* -
EtOH 37 38 32 46 -
propofol a7 43 45 48 52
thiamylal 37 38 42 36 -
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O+l c id9-15pseciBAL, =¥/ —n, FFE
74— TS5 psec ML A, Z—F N, A TI5—
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BE, COMEILBWT, AV YA AZEL Y Ky —
LABHEAENTAMRNC L o THIWENIER, Va0

*. fiftyfold concentration
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Fig. 5 The nitroxide radical location of 5-DSA and 16-DSA in the
membrane bilayer.

This figure was altered from reference 4.
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ORIGINAL

The effects of general anesthetics on ESR spectra of spin labels in
phosphatidylcholine vesicles

Makiko Shibuya!, Toshifumi Hiraoki?, Kunie Kimura!,
Akihiro Tutsumi?, Kuniaki Suzuki® and Kazuaki Fukushima®

ABSTRACT: We investigated the effects of general anesthetics on liposome with spin labels, 5-doxyl stearic acid (5-DSA) and 16-doxyl
stearic acid (16-DSA), using an electron spin resonance (ESR) spectroscope.

The lipid-composed liposome was made from phosphatidylcholine, and two kinds of liposome, multilamellar vesicle (MLV) and small
unilamellar vesicle (SUV), were prepared. Sevoflurane, isoflurane, halothane, ether, ethancl, propofol, and thiamylal were selected as the
anesthetics. Changes in the shape of spectra were observed, and the order parameter S and rotational correlation time ¢ were calculated
from the spectra.

The ESR spectra of MLV labeled with 5-DSA suggested that the movement of radicals in MLV is more anisotropic, and the speed of
rotation is slower than that in the SDS solution. The spectra of MLV labeled with 16-DSA showed three sharp signals not appearing with
5-DSA. The differences in the order of the parameter S ;ralue of 5-DSA and 16-DSA suggest that the nitroxide radical Jocation of 5-DSA
and 16-DSA were different in the membrane bilayer.

The addition of sevoflurane and isoflurane increased the amplitude of signals as the concentration of the anesthetics was higher.
Addition of halothane, ether and ethanol increased the amplitude of signals when the concentration of the anesthetics was 100-1000
times higher than usual clinical doses. However, the anesthetics did not alter the S and ¢ values, which are indices of the fluidity of the
membrane,

The S and ¢ values of SUV differed very little and suggest that differences in membrane form do not affect the results of this research.

These results suggest that anesthetics remain on the surface of the lipid bilayer and do not act on the inside hydrophobic area of the

refatively hydrophilic area near the surface.

Key words: electron spin resonance, liposome, general anesthetics, order parameter S, rotational correlation time ¢
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Fig. 2 A representative ESR spectrum of a nitroxide radical.
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Fig. 3 ESR spectra of 5-DSA in methanol. upper: in methanol
(control), middle: + isoflurane of a clinical concentration,
lower: + isoflurane of a high concentration, The spectra of
5-DSA in methanol showed three sharp signals, Isoflurane
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THhOARZ PN FIHINDOBELERIEETHILINICA
g/ BRI ARARy PABEESEL CRIGL, &
BAESERICEM LA, XEoSTIRE(E, 3Xx0 7
FTRERRL LU - VAR PN FESTLZIERYT
LTWVaA. AV LEEMLA-ECA, BRRETIE
AT P NEEEEFEIEICBIE LAY (Fig. 402), Hik
BEoAVILL Yy CREUFRAAY PLEEXES L

1’WMMWWW

3 TN ]

1 1 1
326 3z 330 332 334
Field (mT}

Fig. 4 ESR spectra of 16-DSA in H20. 1: in H2O {(contral), 1':
control { vertical axis X35 ), 2: + isoflurane of a clinical
concentration, 3: + isoflurane of a high concentration. Signals
of 16-DSA spectra in H20 decreased remarkably compared
with those in methanol. The baseline of the spectra changed
from straight to sigmoidal curve, suggesting that the exis-
tence of broad spectra that are different from the three sharp
signals.

BEF 1ih

(Fig. 4@ 3). "L IZBLTIRAVINLL I ERY
AR EEMHA OGN FOMOKEECHLTIE, 4V
TRLyOGEDLIIIHBETHRNL OO, FiELRER
DEARE A LN,

8, SBIUIZELTIE, AxZ FAHZKRSTSH
LI, ARZPLDNGR—F—pELRAT, FHUTE
il i AR

3. SDSKHEHP D ESR A2 b L

Fig. 401 B L1 TI6DSA 2V TRELEGER
B, SDSABWTLKBEHETTARY PLOREE
SEREMNALNS:, (Fig.5D5). #£2TSDS #Mi
I-SDS B EREN 2 & E 2 5, SDSREEH0.05%w/Y
BTFogaid, KEHPEEBICBDE LiT2 4% Lok
EADLBVEARY PAPBEETE 2 ofd (Fig. 50
4), SDSIRFEN0.5%w/v A EIZ% B L EROFHEL, T
Ghb7u - FielarHEEL, ESBENMALE

5 -

1 1 i 1 1
326 128 330 312 334
Field (mT)

Fig. 5 ESR spectra of 5-DSA in SDS solution. 1: 2 % SDS, 2: 1| %
SDS, 3: 0.5 % SDS, 4: 0.05 % SDS, 5: H;O (control). Signal
amplitudes recovered and the baseline became flat in SDS
solution of which concentrations were above 0.5 %.
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(Fig. 5 3). 3642, 2%w/v I THIBEIEFELTA
A PLOIBESNELL (Fig. 50 1-3).

RIZ, SDSIMEE % 1 %w/viZET L7 SDS kg iz
ME#EPINALBOARS P AVE{LE Fig. 6127 L7, 5-
DSAII—FRPLY /—NEMALEGE, G025
FLDBEESKLASTY P LSS ESRRRICEEIZY
7rL7 (Fig. 601), X701 >», FOFT7F—0
DGEFAZ PLOBRICKELREIEDO LN 2o
7z (Fig. 6m2), ¥4 7315—-LoBs, BEKRETR
Ty FO= MRG0 Y S NOBENEA LAY
MEERSTEBISENIERICL 7 P LA, BiRETRED
LT FNOISENEE LAY FLEEIE S IIESN
7ML (Fig. 6D3), N"OF r&#MAESER
~HFASHEEARA LT, AV INL P ENALGEIEA
AR ARREEAIR LAY P AR EEETINIIE S
P72 bRLA 16DSALERZLL Y, 7R T+ — L%
MALBERAAY PLOBRIZKS 2EIEEDH LhE
Mots, T—FhPLy /—LEMALEEE, GOVY
TR AR LAY PSR TSR IR
ZhLt, o~y y, AT IT=NEMIIEEIZANR
7 FEREEARIR LI,

iz, 5-DSA 8 L UF16-DSA IOV HEEMETEETIC
TEHHLASEcDfES Table1 (2 L 7z, Rd7- S i,
control TtE 5-DSA T0.073-0.090, 16-DSA T0.028-0.068
EVFRLIERIIAE L, SHNRERERLE, 1,
16-DSA 0 S 1342 SDSA X h/h 2 d R L1, BRI
EBIUmEEOREEORMICLID, SOTHHEES-
DSA T0.072-0.141, 15-DSA 70.021-0. 1160 #5F8 CTHE
L7-7%, ToOEEEafE a7  IIBELTH,
control @ FEHEIZ 34T 5-DSA T39.0-48. 0(X 10 %sec),
16-DSA T17.9-20.7 (X 10-%sec) & 16-DSA i 5-DSA @
Wl /20E%RE LA, BRBES L UHBEOKREHED
WINC X 0, r @ TH{E i 5-DSA T32.3-63.3 (X102
sec), 16-DSA T11.6-22.2 (X 10%sec) OHF THR
L7,

Fio, BREEFEETOSE c 2100% & L, SHEE
ik %1k% Fig. 7~Fig. 10 |2k L7 S-DSATilz—7
VOBEERE - BIRE, L5 /- LOFRE, 70K 7 +—
LMOBEERIRETHEIZSOEAPRONLIFAT 25—
LOBAREMCREIZERIISOMMMRLR:, 0
hoBBETRAELEMEALR oL (Fe. 7).
16-DSA DWW Tt —-F ), ¥/ —VOGIRETHE
LSO AR LA, NTb Yy OBRKIARE, FA4TFIT—
LOTRETREEIISOIMAT R e (Fig 8). ol
BIL Tk, 5-DSATIE, T— 7L OERAEELEIBE,
Iy —LOSGEETHEI R LEA, Hrotrd
BiRimR L EimEE, R AT IS —LONRETIHECER
f#sn L7 (Fig. 9). 16-DSA Titx—F I, =% /—N,

(¢

[ ]
O o

oo

1 1 I )] 1
326 328 330 332 34
Field (mT)

Fig. 6 Effects of ether, propofol and thiamylal on ESR spectra of
5-DSA in 1 % SDS solution. 1: ether, 2: propofol, 3:
thiamylal. a: without anesthetics {(contrel), b: a clinical

concentration of anesthetics , ¢: a high concentration of
anesthetics.

The manner of changes in spectra was different in each
anesthetics. An addition of ether increased the amplitude of
the dght signal and shifted the whole spectra slightly to the
side of upfield. An addition of propofol did not change the
spectra significantly. An addition of thiamylal at a clinical
concentration reduced the amplitude of the right signal and
shifted the whole spectra slightly to the side of upfield. An
addition of thiamylal at high concentration recovered the
amplitude of the right signal to the control level and shifted
the whole spectra more to the side of upfield.

HATIT—LOBBEDKRTCHEEDL «c DRIHHARLNE
(Fig. 10). BEEOBERNIAS L, BERSEICTEL
MARLBNADUESIZALTIES-DSAIZBITAZ—F L E
JOoE7+— ), 16DSAIIBAZ DY, LT
X, SDSAlCBItA/RnE b —FATHSI.

% 3

ESR ¥ BV /- & gREENEEN~OERTHET S
HY, AN, By 32 ThH D NaK-ATPa-
se[TAEYFARAEESANTLIE I AREORY
T ARSI ERAL. LiL, EBRELA:
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Table 1

%

4

# E&AT

A summary of order parameter { §) and rotational correlation time ( ¢ ).

F ¥4

§ values were small, suggesting that the motion of the probe was isotropic. S and r values of 16-DSA were smaller than those of 5-DSA.

Order parameter S

505A 16DSA
clinical high clinical high
control concentration|{concentration control concentration|concentration
sevoflurane |0.07610.014 |0.078 £0.004 [0.082+0.007 |0.031+0.001 | 0.031+0.003 [0.029+0.004
isoflurane {0.082+0.009|0.075+0.005(0.080+0.004{0.028+0.002|0.031+0.003|0.030+0.003
halcthane |0.073+0.007]0.081£0.010|0.080+0.010]0.0314+0.003|0.035+0.001{0.033+0.004
ether 0.088+0.00410.069+0.00110.0494+0.004]0.032£0.004|0.028+0.002(0.021+0.001
EtOH 0.077+0.0070.072£0.008 {0.0583+0.005 [0.060+0.007 |0.053+0.008 [0.038+0.002
propofol [0.090£0.010|0.073£0.012]0.09920.005|0.065+0.008{0.052+0.010[0.075£0.005
thiamylal |0.085%0.010[0.084+0.011|0.141%0.007 |0.068£0.009|0.067 £0.0040.116+0.009
Rotational correlation time T (X102 s)
5DSA 16DSA
clinical high clinical high
control concentration|{concentration contro! concentration|concentration
sevoflurane 43.1+2.9 44327 425+1.9 184x11 187120 189408
isoflurane 44.4+3.7 456128 42.3+4.0 19.8+1.3 204109 20.3+16
halothane 39.0%£13 48.1x35 431+1.2 18.6x0.9 187104 19.7+0.7
ether 437%+1.3 41414 323+16 17.9x0¢8 17.0£1.3 11.6x09
EtOH 43.6+1.5 41.4%+1.5 36.4+15 207+06 204x0.7 13.6£04
propofol 49.0£54 451+2.6 491225 201£32 19.6x2.2 222+X10
thiamylal- 46516 486+%7.2 63.3x3.0 214+13 206x2.0 17.7x0.7
) pes
ot - i
wa H o L
29 I M 5 et
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Fig. 7 The effects of anesthetics on order parameter S of 5-DSA.

S value decreased significantly with ether at clinical and high
concentrations, EtOH at a high concentration, and propofol at a
clinical concentration, It increased significantly with thiamylal at a
‘high concentration.

HHASEMTHY, TOFETRENTLEVARTH -
Pz BT, ETREDBMLEBRRTREROBMC X
BANY P AEALOBITET S T EALEERD, REL
b DONFRATHD.

A )= NWHTDESRANRY bV TFAYFL -7
BIRMERLAIEILE), 2 bOFVFIVHANHE
CHIZEFHDBEMHESIAMICL > TRELLVIL)

Fig. 8 The effects of anesthetics on order parameter S of 16-DSA.

S values decreased significantly with ether and EtOH at high
concentrations. It increased significantly with halothane at a clinical
concentration and thiamylal at a high concentration.

ZEREToTWAEEESNS, T LIISDSA S
LU I6-DSA PR EEMETH D, A ¥/ —VIZBEELS
TWHRTHLIZ LI {(EETS.

—F, REWFLEBOTIIANY P LBEIEL { HEH
L7edt, THhIZBERSTTH 5 DSAMKBHDPCED
SEEFHERL, FFONO T I A UHEMAEITERLT
AEY—RAE/BEMERAFEL, & 7T LOBENE
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Fig.9 The effects of anesthetics on r of 5-DSA.

r values decreased significantly with ether at clinical and high
concentrations and EtOH at a high concentration. It increased
significantly with halothane at clinical and high concentrations and
thiamylal at high concentration.

FolzlzbEshi:, REETMAL AT P LD
MEMBEIC LR LA, THIRBEEESKE D DSA IS
FhmwHagrEols, REESHCEAHFOPFIZA
NAHRAEy—RY YIBEERAFEAS LI L 2RT.
SDS KiBHDIEE, SDS PEEEH0.05%w/v LT ClikiE
WEEEALFFAmLAARY MDA LNED, 0.5%w/vEL
itk EAAT FALEEORENALGR, hoTO—-F
LEGHHEE L. Thid, SDSOKRBHRSPTOER
TVEEE, TabbhREEERTHS SDS A LAEE
PN B LIBEHNS. 20M TH YT, HN—tr MEETH
0.2%w/vTharI DL, SDSHI LML EFEERTLE
DSAHI LN IZGEL, AEYy—AYBEARTE
LHWEBEOERS RO LM TERLDEFLLNT,
FFhDT TH OB L 5-DSA L 16-DSA THET
B L, S-DSAGFAKEESEICH D, 16-DSA XBIKERIC
HHOT, “EECRENRFNEORERBH R & HBHAE
LV RLIBFHOERTS 2 2%, SDSIIKRPIZTH
FHOOBMBOLI LAMEE L 0T, EEEOL I 2T
HREERL2000, REWPKECARIBALZTS
BEWIEAMEBIFAKTHE, T0LL5DSABL
F16-DSA 3% (Fig. 1) 264 EOERERIC
BWUSDSABLUFI6DSAMS & r DA ERET S
¥, SDS 3 4wz DSA 2 I 2 AEHE, A¥Y I
NVOLE EEETRCEUT, S&RIZDSA i %
SGLRABICARTELILIREATELEELONE,
SDS H I AE R LA RERPIREFELIRMT S
&, EEBRBMEHIIWThOREBEIZLH L0000, F—
a5 A=y - SOELEIBBRENEHCRIFIZLD
BAeThoat, A—F—NF A= —Z2nTII5DSA
TRI—FN, ¥ /=N, ORI —VLEETTHE
WA —F—RF Ay —DRELHBRONZ RS, Zh
HORBEIZLD 5-DSAAEOREN L W ERFEICL -
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[
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Fig. 10 The effects of anesthetics on ¢ of 16-DSA.
r values decreased significantly with ether, EtOH and thiamylal at
high concentrations.
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Ok EREBEOBFIZLVECOESHREL Y, SDS
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The effects of general anesthetics on ESR spectra of spin labels

Makiko Shibuya!, Kuniaki Suzuki?, Kunie Kimura',
Toshifumi Hiraoki3, Akihiro Tutsumi’, and Kazuaki Fukushima'

ABSTRACT: We investigated the effects of general anesthetics on the environment of spin labels, 5-doxyt stearic acid (5-DSA) and
16-doxy! stearic acid (16-DSA), using electron spin resonance (ESR) spectroscope. The spectrum was measured in methanol, H20, and
sodium dodecyl sulfate (SDS) solution. Anesthetics (sevoflurane, isoflurane, halothane, ether, ethanol, propofol, thiamylal) were added at
the concentration which concentration were clinical or 10-100 times higher than clinical. Order parameter S and rotational correlation
time ( ¢ ) were calculated from the spectra. .

The spectra of both 5-DSA and 16-DSA in methanol showed three sharp signals and the anesthetics did not alter the spectra. The
signals of 5-DSA and 16-DSA in H20 decreased remarkably compared with those in methanol, suggesting that DSA, lipid-like
molecules, formed aggregation.

The amplitude of signals recovered in SDS solution, suggesting that DSA molecules were dispersed into the SDS micell.

We also studied the effects of general anesthetics on ESR spectra of DSAs in SDS solution. Control 3 values were small, and additions
of halothane, ether, ethanol, propofol and thiamylal altered them significantly though the degree of change was small. Additions of
sevotlurane and isoflurane did not alter § values significantly. Additions of halothane, ether, ethanol and thiamylal altered r values
significantly and additions of sevoflurane, isoflurane, and propofol did not alter them significantly. The degree of changes was different
dependingon the kind of spin labels and anesthetics, and concentrations of anesthetics. These results suggest that each anesthetic affects

the environment of spin labels in different manner.

Key words: electron spin resonance, spin labeling, general anesthetics, order parameter, rotational correlation time
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R —AHFORAY VIR OEDIREIZRITE
AR SE DR L F ORI

AR HAD R Bo? BEIATY BB fmY &6k e

¥ o AY YT FH S-doxyl stearic acid (5-DSA) 35 & UF 16-doxyl stearic acid (16-DSA) £ AAA P di-
myristoylphosphatidylcholine (DMPC), dioleoylphosphatidylcholine (DOPC), egg yolk phosphatidylcholine (EYPC)
DEEBI AV —LEHTELEHEE, LXILLIEL VTNV YOERLREOBELEFAY 3
(ESR} A2 b AOFEIEETT-> THIF L. ESROBERIOTHL0THOHRBTITV:, HORAESRARY F
NVOBEEERL LR — ¥ =54 — % — S 5 X UaEAMKR » 2318 L7, DMPC, DOPC B L UF
EYPC LB SN 3O ) FV—LDSDSABIUI6DSAKRERBL T, REZLITALARY FLOEKRS
BENEATA LT ALY P ASRESMIL, BRI LERLL. KEEOFFETCIIS-DSANS S
FU16-DSA®S, cHELEEO LRI THASL, BOMBHIRATEI L 2R, kT
%% DMPC D& IIHESREME o2 EL R L, FRMENRTSH S DOPC LMEDCESETH D EYPC
OBEINWERELRICOLNERLCHI LA, BERBEOREEIIING ESR AT PVITERESF R ho
fo. HIBEENA VAL YBIFEFEIVV P HEREETLINASBIU  EL L S TROFBEMLINE
BB eRBLAS, BREOEFIFCEOERRET L. AV IV LYIIRRTEET VL ORI
{, ¥R DOPC & EYPC D 5-DSADSIZF L TILIT LA LRBEEE L b ofz. LLEOBRIL, HEEOFEI
BMboTEEo vy Hy - AR0mEM T a2 L &, RBRRMERECFER)F v -2 BRomnE

HARALBNEDEOREBREF BRI 7 P SEHI L ERET 5.

XD K BEAY R, YRV —L, BRARKESE, F—¥—1F32—F—85, BEEHMEN -

#

EAFEEOIERBF IHRE, FRRJKFERD
LD HERAEROBTHL LML TR
FHARLRTWEY, Brid, 2HREEIREARTSY
YR AEFEDLAEREOBES LV EFOYH L RS
HBIEIZENERTBEWIE,S, By NsHT
H B NaK-ATPase ¥ EF N F N HE L TEHBEE
DERER~Y, 2o CR3ETAY LR (ESR) % F)
ALTEBESZVWIEHEOELLBLMI T E2EH
IEfFE R S T & 259,

RELZFIVHINELDAY I XUH LTSRS
LHEEET, #OFVANDESRAAY PP LIR
MORRCESRUSESIKEL R 5HETHLAEY T
AL, KT E McComnel™® |z k hEFE s, & H5Er

i

HIRTAMRICOEA SR TE LMY, fFaid, Sdo-
xyl stearic acid (5-DSA) & X UF 16-doxyl stearic acid (16-
DSA) OZODAF T YEEAY S ~ULKI L IRARD
RAZ7FVNIYY (PC) DYEV—LIIZRAL, V
FY— ABRDOEBHEE LIRBORZIEBIZTANTE
TERERHLAE, cho v AEKBEOTFLELT, B
BEOHBIZL Y AYYFANROBFAREICS 2 5B
HRL2Z2L, BIURBRENMERRIZERONTICER
VI EEHLMILED, 86, PCORFTB LY
BETErEAEOMEIIEETIEEGRTCHLL
b, WRICEW MBI TS % dimyristoylphospha-
tidylcholine (DMPC), dipalmitoylphosphatidylcholine

(DPPC), FEaffERAEE T H 2 dicleoylphosphatidylcholine
(DOPC), BLUMEDRA L7 egg yolk phosphatidylc-
holine (EYPC) D 4 O Y Y EH O PCIZS5-DSA B L

.9 ¥060-8586 fLBEMILXIL13%HE 7 TH
27060-8628 LIEMILXL13%7 8 T H

DI RS KA B B AR QR S R B R

B E AR T ERAHE FHRL YR ELERES TR
LRI A RERE S AR R R R S TR ERE
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Fig. 1 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of dimyristoylphosphatidylchol-
ine and labeled with 5-doxy] stearic acid.

The spectra of vesicles composed of dimyristoylphosphatidylchol-
ine (DMPC) and labeled with S-doxyl stearic acid (5-DSA) were
measured with modulation width of 0.20 mT at 20 and 50C without
(control) or with sevoflurane or isoflurane. The amplitude of the signal
with 5-DSA expanded and the spectral hyperfine splitting (Ame:)
lessened as the temperature rose.
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Fig. 2 Temperature-dependent changes in the values of order parameter S of DMPC liposome.
S values without {control) or with sevoflurane or isoflurane were caleulated from the ESR spectra of liposome composed of DMPC 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. 3 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of DMPC and labeled with
16-DSA.

The spectra of vesicles composed of DMPC 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 temnperature rose.
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Fig. 4 Temperature-dependent changes in the values of rotational correlation time ¢ of DMPC liposome.
r values were caleulated from the ESR spectra of multilamellar vesicles composed of DMPC and labeled with 16-DSA, and were plotted along the
temperature changes. r values decreased in every series of ESR spectrum as the temperature rose.
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Fig. 5 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of dioleoylphosphatidylcholine
and labeled with S-DSA.

The spectra of vesicles composed of dioleoylphosphatidylcholine
(DOPC) and labeled with 5-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 5-DSA expanded and
the A,.,, lessened as the temperature rose.
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Fig. 6 Temperature-dependent changes in the values of S of DOPC liposome.
S values without (control} or with sevoflurane or isoflurane were calculated from the ESR spectra of liposome composed of DOPC 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.

—202—



VA = AR BT TR A BB 0 3 & £ ORI 361

LTT0.6655H0.51F THA L, DMPCOBEEER
LSBT RTEREERER O h o BEEOLEY
ML 2L S1320CH650TT0.65460.55F T,
AV IR TR0.61260.54F TR LD, wihd
SHERTEREERIIALh o /1.

16-DSA %A L7 DOPC 1) v — 4 (16-DSA/ DOPC)
@ ESR 2 Y P LOREEKTEE Fig. 710RT. 20CTo
ESR R~ b L) A 132.80T Td o 72, DMPC DIFE
L EIHEIT 5-DSA/ DOPC D ESR A~ & b M2~ T A
FhE L, RV VDMEIIEN, SFEREY 7
VOBEZHSTREVLOO, FRY L ERTO S
FrAREORMNNTELNEr 7, RET EIFRE
A VELIZHA L T0TCTH2. 72T 22, AT}
REEELBML CEBMIS LA L ERLTWE, B
PRI O RREIE & 7R L 72 16-DSA/ DOPC @) ESR &~ 7
FPrdarbto—nkizl AT Do (BRILE
V), BREOEETILL T ZIRML - 16-DSA
DOPC ¢ ESR A~ MV DIRFEKTFIE * Fig. 7, sevoftu-
rane l2RT. 200D ESR ANY MVt Apee =2.80T & 5-
DSA/ DOPC @ ESR A7 F AR TAE L, ity 7
FOEEETHO S P NVIEEOESN L EITNS o

control

———-~—-/\/\/\/—.————— e
“‘""”"“‘"‘"’j\//’//\f/’//\¢/"‘“""""""'f""‘ 50°C
sevoflurane
““““""J%//L/qv‘_——*——m%

——————/\/\/\/——————— 50°C

isoflurane

- A A e
A A A 50

L] 228 330 332 334
Fleld {mT}

Fig. 7 Temperature-dependent changes in ESR spectra of multi-
lamellar vesicles composed of DOPC and labeled with
16-DSA.

The spectra of vesicles composed of DOPC and labeled with
16-DSA were measured with modulation width of 0.20 mT at 20 and
50 T without (control) or with sevoflurane or isoflurane. The
amplitude of the signal with 16-DSA expanded and the Amax lessened
as the temperature rose.
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