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Effects of Benzyl Alocohol on Structures and Calcium Transport
Function of Biological Cell Membranes

Hwang Hyun Lee, Jong Sik Hah and Kuja Kim

Department of Physiology, College of Medicine, Ewha Womans University

Benzyl alcohol is known to have dual effect on the red blood cell shape change. At low concentration
up to 30 mM benzyl alcohol transformed the shape from discocyte to stomatocyte by preferent binding
to the inner hemileafler, however, at higher concentratransformed the shape from discocyte to
stomatocyte by preferential binding to the inner monolayer, however, at higher concentration above 50
mM benzyl alcohol transformed to echinocyte by affecting both monolayers. These results suggest that
the effect of benzyl alcohol on the red blood cell shape and Ca** transport across cardiac cell
membranes to assess the effects of the drug on the structures and functions of the biological cell
membranes.

The results are as follows:

1) Benzyl alcohol up to 40 mM caused progressive stomatocytic shap change of the red blood cell but
above 30 mM benzyl alcohol caused echinocytic shape change.

2) Benzyl alcohol up to 40 mM inhibited both osmotic hemolysis and osmotic volume change of the
red blood cell in hypotonic and hypertonic NaCl solutions, respectively.

3) Benzyl alcohol inhibited both Bowditch Staircase and Wood-worth Staircase phenomena at rat left
auricle.

4) Benzyl alcohol at concentration of 5 mM increased Ca**-ATPase activity of red blood cell ghosts
slightly but above 5 mM benzyl alcohol inhibited the Ca**-ATPase activity.

5) Benzyl alcohol at concentrations of 5 mM and 10 mM increased Ca**-ATPase activity slightly at
rat gastrocnemius muscle S.R. but above 10 mM benzy! alcohol inhibited the Ca**+-ATPase activity.

Above results indicate that benzyl alcohol inhibit water permeability and Ca*™* transport across cell
membranes in part via effects on the fluidity and transition temperatures of the bulk lipid by preferential
intercalation into cytoplasmic monolayer and in part via other effect on the conformational change of

active sites of the Ca**-ATPase molecule extended in cytoplasmic face.

Key Words: Benzyl alcohol, Ca**-ATPase, Ca** wansport, RBC, SR, Echinocyte, Stomatocyte
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(echinocytic) 0|1} 7] @ ok (stomatocytic) 22 2 3
HE 3Rz B opz} (Bessis, 1973; Glader &
‘Sullivan, 1979) in vitrool| A] 42 2] ekE-of] 2] 3}od 4
= JeF H3E dosle Ao UdeA Yo
(Deuticke, 1968; Mohandas & Feo, 1975; Matayoshi,
1980), Sheetz & Singer(1975) 2]
hypothesis”o}| 2]5}% anionic amphipathic molecu-
lesg- 2] A mte] upghZol Agsled o] AlWF o2
#2LX) 7] 1, cationic arnphipathic molecules-2 x| &
oho] QbZoll A3t o & AEA oz A7l
I 3kt

Chabanel et al. (1985)0)] &]3}lH =AntH A2 &
22| g1+ benzyl alcohol & & & -7-utof] 283 o @
£ F 5 (<50 mm)oj4] & stomatocytogenic &3}
ez, & FE(>50mm)d A&
echinocytogenic &35 ehi+d], °o|& benzyl
alcoholo] 22 FEoAe F2 AAe &
monolayere] Al ¥ FEolA= vig
monolayerol| 2 §5}7] wlF-o] 2t A 31 o, g,
benzyl alcohol 4] Zato]| 2l 4] perturbing agent
2 Z-g-ste] Al 2ute] fluidityol] 9§ &< =X Ao
2x o7 A ¢} (Brasitus & Schachter, 1980;
Gordon et al, 1980; Houslay & Gordon, 1983;
Martin et al., 1985), ojAle] AP B 15L& Miller
(1977) 7} ok A1 9] w3l 7|4 A2e] Yo 7]
gty #3231 “Critical volume hypothesis” 2} 5.
A AE-otE Aol et RodAlc}, wtebA, £ 4
-2 benzyl alcoholo| A Eutoll 74 3H3te] el &
A1 wof] A7t 7)ol A G &L =X E 7}
£ B Hsled AZolA o] 2K 3
< Fof utH{ L& dod|lv Aoz gu{Al Cat+
(Campbell, 1983) 2] o] ol v X & J T HAsn
2 7R A A=A,

“bilayer couple

4 #
L HgTe| yefpts
AYTe 2ohg B Asel FRUeIAE
AERT BEAA DA ALF AL 2o
&)1 benzyl alcohol-&- 0, 20, 40, 80 4 100 mM-$- 7}
% 3 1087 ALl BAAK o] AUTE o

%

A 0.1% EDTAS} 0.25% #xotiimlo] 34
Tris-saline buffer (pH 7.4)ol] | F§4]71 & 338
o7 Aokl AL TEANZ DAL 2

32 AR #Gste Wl syl =3 AY

ST AAE BAse,

2. 72| M5FAM 28 (osmotic hemolysis)
gl M &N 22X 8} (osmotic volumechan-

ge) AH

AFALEAY S Al Al AL A g
A sle] “HE ko] By idol A A el vpe}t 2
o] HY T F-frdg stEx, vlE] FHIFM/e, M/,
M/IZ’ M/la’ M/14’ M/IS! M/IG’ M/IS’ Di] M/20
NaCl 7 & 4mio] YT ¥54 4284 o]
=2l F % £30) 587 A9 S35} 1,000xgel
A 537 GAEE ] HAEE AARG L £
A (Spectronic 2000)-& o]£-3}e] }3 560 nmol| 4
7} 2o o] optical density (O - D)& &4tz IF
FAAAA Nad 7 FEolde FYHE(%
hemolysis) & F3h5ict, $YAEE ST o
w222 ule ool oA AT o]
dlrazdle] Yeplle M2 =8 FH3H &
4 glemg IFIFZAEL zzlm Y4 Color
standard §4g wtEw] FF(Iml)o] 4+ &

Frof (14-8) 2 713t gbd ¥ o] dojute wef 4

7% 100% Color standard2 3}3 o] 4729 55

£ SFE 345 75%, 50%, 25% H 12.5%
£] Color standard& gl n EFFAS 2o},

ARALAAS AL 17 B M M/,
M/s, M/, M/5, M/g, W M/;, NaCl 7} 8- 1 mlo]]
AYF 359 ImE sl REYA B 4T
hematocrit (Het) &8 {42271 5 o] &3l =
NaCl g =oi41¢] Het W35 438kt

3. Bowditch % Woodworth Staircase §{4l2]
27]

Benzyl alcoholo] Bowditch & Woodworth stair-
case WAl oA JBE B $95)0] 23
(AF 250g ) E g4 FHglel AFol¥
(cervical dislocation) 2. 5| A&7 A4S HE
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3 HAuks AHsle] AHFZ A7 (Hah et al,
1978)o m A}, Incubation bathw] o] -fofl-2
K-H Ringer (pH 7.4) 2 3}%3 E317]4) (95% Ab4
o} 5% BHAb7bx) & FFshed pHO| Wskgle] A4
Z23E 4 9xE A 53l Incubation bath
water jacketZ. 8272
G4 A5 37CE FAE
o}, Z8%9Y 5 2 et =
| AR WIw AAA7 AT
(Nacro Model SI-10) 2 R1=-S 745jed A Alubz
=24 f2uIE transducer (Narco
Myograph F-60)o] <173} Physiograph(Naro
Model MK-IV)ol| 7| &35}l9c}, A9 75 & 237
o S7} gol HnAHS JBHE & Qe 30 Volss
~70 Volts2 3tgdch, =34 0.2 pulses/secE
A7) AF% stthr} 2 pulses/secE. wWhe] A58t A
4235} 27hake] QA HE Th 0.2 pulses/
sec BAAA TAX 2270 W38 S S5t
o) uf benzyl alchol®] 5% 2 143, 2.86 9 4.2 mM 7}
$}=d 4] Bowditch Staircase 3 Woodworth Staircase
G219 ar)Y HIE 7155t HzEH vlas)
A=t
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7z+Z okE-¢] Bowditch Staircase % Woodworth
Staircase @ Atoll =X & G ATsle e
Hajdu (1969) 7} A= th2 <3744 Wsfe] o
£ A3 o] 3% FA3 T benzyl alcoholo] oo =)
Ax Goe vlw PR, 3 Aol 7152 4
o 2 A28 Al 2ol 2221A-S 180, 120, 60, 30, 10,
5,2 122 WA ojule] FHHEE SH s
=% 2 2] benzyl alcoholg 7}3}a. 5E o
Bowditch Staircase & Woodworth Staircase$] 4-&

29 W3E 2 ¥laabgih,
5. HyTetel gal

S7ke Askert AWTFo] inacttt AT
slo 2 el Ql4-3led, Dodge et al.(1963) 9]
2 A& (whole blood)-& 1,000 X gol| 4 10%-7¢
zlsted A3 buffy coatd A 1SO

_/]‘:_
H

te |o r]o mﬂL

fo o

2
3
A

o

9] 29] : Benzyl Alcoholo] 4] £2te] ¥ &)

3 Calcium o] & o] ol »| A& o ¥F—

NaCl(155 mM NaCl+ 10 mM Tris-HCI, pH 74} &
A AL & ulxjet APF Hgolo] HHF Sol
2d9go 9A g delAH DA SUssin,
o} & ISO-NaClz. 50% A7 —r%oggi 2HE %
o, 5SmMe| ZEe Arlshgic), A
2]3l7] ¥35led 50% HET FjrAL °—é
ok 108} ¢] 1/15 Dodge -&0-2- 7}5}of 7
&3 WAliio)] 2087F vlx) 5l €3
ol S 4°Cojl 4] 12,000x g2 2057} YA H-2] 3] A
AES dgleh o] AAEE AL whez 1/15
Dodge £ o 2 2847z w ] A4l 88 17,000%
g, 20,000x g %) 27,000x g 22 F7}A)7[HA Y
AlReldlo] AY7uts AAE 2 A, A1/
15 Dodge €M o 2 W £84]7] T d|lmz
dlo] £3slo] 9hx) g AT e dE F U
of, mhef Al 20,000 X goll 4 AAlE-2 & % OP‘
= $¥sA ge FYTs AR L] Fol Qe
aspiration®. = AA3NF, oA A L va
T whe) BSR4 iAol of 4 mg/mirt 5 £
24 Agol LR %E A fol & —70C BE
Basgs,
6. 2H20|A 2] sarcoplasmic reticulum

=
1.

B Ao FE FAA 7] & Peter & Worsfold
(1969) 2] H&*{j © 2 d|A-(gastrocnemius muscle)
A A ste] 22 grd 10 mle] B 2+5 0.32 M sucrose
£ 7}3} 3 Waring blender 2. 157} homogenizet ¥
739} gauzeZ I H3 AT}, o] o HA-g 4Tl A 8,
000X g2. 1527 1AlHe]3lod mitochondria 58
AAG L 2 A&UE 60,000xg2 1417 AlEE]
3}o] sarcoplasmic reticulum (SR)E- d3ic}, 7154
2|3 2 Foll Agoll ALESIAT FA] AREEHA]
L 7 Sol —70CH HEF Rusg

o

7. Cat*-ATPase HAE &3

Cha et al. (1971) 2] ublol] oJaf4) & &Fat 41
o S.R.o|4]¢] Cat+-ATPase @4 =& &3¢,
AyP7at AselalE 120mM KCl, 5 mM MgCl,
30 mM Tris (pH 7.5)2} CaCl,7} 0.1 mM S gl&
incubation §-ofjol] A g7} £ o Ffofg =hy
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Light microscopic picutres of erythrocytes treated with benzyl alcohol at concentrations of

Plate 1.

20 mM (B), 40 mM (C) and 80 mM (D), and without benzyl alcohol (A). Magnification 1600x

(bar 10 pm).
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A %% 7} 0.3~0.5mg/ml 5|7 Y1 37°Col|A] 305
7} incubation 12w SR 7-$-oE 100 mM
KCL, 5mM MgCl, 10-*M CaCl,(Ca*+-EGTA
buffer, pH 7.0)q] incubation £-}of Tl Al &% 7}
0.2 mg/ml= A sarcoplasmic reticulum H--§-o8-8- 7}
3}aL 25°C 4] 1587 incubationd} i), o]8}zto]
Ca** &z 4] incubation -] k9] A] 7k &bl
2lH F7[l4ke % ATPase 4= (E+ (Cat*+
Mg**) —ATPase) 2 3}31 incubation Mo 5
mM2| EGTA% 7}3le] Ca**& AIAY ¥ feld 7
7101 A8 Mgt+— ATPaseE. 3l & ATPase B4 =
ol 4] Mg —ATPase Y5 & W Ghe Catr—
ATPase 8452 3¢}, o]al incubation -2l
o) 0,10, 20, 30, 40, 50 60 &} 100 mM ] bengyl
alcohol 8- 2 7}5]3. Catt~ATPase 4t o] H3E
BEHG

8 oud e

Ag7ar 5 SR thA FEX & Lowry et al
(1951)9] oz FHedn TEARLL 44
A okB.1] (bovine serum albumin, B.S.A)-§ A}&3

e,
4849

1. Benzyl alcoholO| M|Z2to] HEjo] o|x|=
g

1) Benzyl alcohol 0] HE ¥ Helol| ojx= &
% . Benzyl alcohol8- A&+ HFol <o 20mM,
40mM, 80mMo| 3= 5 B 3 4QT 2ok
W3HE BAY A 23 1o ek gleh, Benzyl
alcohol®- A& F-29] mokg discy o] A stomatocytic
3o g v 3R 7 o 80 mM % % o) A = echinocytic
49 Y7o} e QA=

2) Benzyl alcoholo| X7l AT SUHA
(osmotic hemolysis) 0f] 0] %= & . Benzyl alcohol
o] AT AFA LEHA vX & L 27
20 e} 9lc}, Benzyl alcohol& EAH| &= 0.2
AL giglert 10mM % 40 mMol| A tizte] &
S Al A %S Lgor 10mMelAs

Electron microscopic picutes of erythro-
cytes treated with benzyl alcohol at
concentration of 100 mM (B) and with-
out benzyl alcohol (A). (bar 1um)

0mMelA xS =5} o Zeh,

3) Benzyl alcoholo] el ALEA B
(osmotic volume charge)of| a|x}= A&t : 22 30
A & 4 4 kel o] 10mM Y 40 mMe] benzyl
alcohol H7Hat ol 4 YT §Ael <lelgA 7
o}, =&k benzyl alcohols- 713l Ald]Fol A
“non-solvent volume”x. Z7}5} ¢},

2. Benzyl alcoholo| A& M|Zgfe| Cat+
0|0l o|xle F&

3 A A48 28228 H 873 Bowditch &
Woodworth staircase AN 18] 4o4] B ujol
v}, Benzyl alcohole] o338 BAF7] 915 1.
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80 o—-a0 Control
5\ o-—o with 10mM B.A.
3\ *———e with 40mM B.A.
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8
2 40
E
QO
T
20
Y7/ 16 /s A 113 1z
Mole/L
Fig. 2. The effect of benzyl alcohol on osmotic hemolysis of human red blood cell in hypotonic
NaCl solution. Vertical bars represents standard errors. B. A. represents benzyl alcohol.
30 43 mM, 2.86 mM % 4.29 mM-¢- incubation medium
A Well A7HeE FolMe 28 4 9 5ol & 4 glE
28 <A ule} Zlo] Bowditch @ Woodworth Staircase & A}-&-
25 A5t en 143 mMol o|35}ed 239% 1l
% 2.86 mMol| ¢j3}led 399% o 27%
E524 3. Benzyl alcoholo]| A|Z5}te] Cat+-ATPase
g gHzol olXes &
g 22
§_ 1) Benzyl alcoholo| X{@Tlate| Ca++-ATP &
= . = |
20 +— Control Y=o ojxlE g - o) A= 27 69 Kol 3
+—4 with 10mM B.A, = =272 Cat+-ATPase &A1 =7} 10.96+1.74
18 &8 with 40mM pmole pi/mg protein/hreld] ¥]3}ed, incubationg-
L ol o) benzyl alcoholg 5 mM, 10 mM, 30 mM, 40
% mM, 50mM 3 100mM H74a Tl BAE
1/concentration (M/L} 7}z 2+ 11444256, 10.68+2.58, 8.78+1.96, 8.
Fig. 3.  The effect of benzyl alcohol on osmotic

volume change of human red blood cell
in hypertonic NaCl solution. B. A.
represents benzyl alcohol. Vertical bars
represents standard errors.

92+ 1.94 =) 0.92+0.40 ymole pi/mg protein/hro] g}
t}, o 7] 4] B3 u}e} ZFo] benzyl alcohel-d 2 =
% (5 mM) o] 4= Catt-ATPase $4 =& ef7t =7}
A7) Aol gl et 40mM o] 4 SEAE B
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Typical pictures showing the effect of
benzyl alcohol on the isometric ten-
sion of rat left auricle muscle.

B. A. represents benzyl alcohol.

(B) represents Bowditch Staircase.

(C) represents normal tension.

(W) represents Woodworth Staircase.
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oo with 2.86mM B.A.
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The effect of benzyl alcohol on the
interval-tension relationship of rat left
auricle.

B. A. represents benzyl alcohol.
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The effect of benzyl alcohol on the
Ca™-ATPase activities of human red
blood cell membranes, Vertical bars
represents standard errors.
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OmM 5mM 10mM 20mM 30mM 40mM 60mM 100mM
(B.A)

The effect of benzyl alcohol on the
Ca™-ATPase activities of rat skeletal
muscle sarcoplasmic reticulum.

B. A. represents benzyl alcohol.

Vertical bars represents standard errors.



—dh @ el 98X

8] AR A A,

2) Benzyl alcohol0] 2Z 2] S.R.OIA Catt-
ATPase Mo ojx& Qg . o] AFH= 23 7
oA 2t vhs} o] HlZZ S| Cat*-ATPase $4
%7} 233.86+6.50 ymole pi/mg protein/hrold] ]
3}o] benzyl alcohol-2 5 mM, 10 mM, 20 mM, 30
mM, 40 mM, 60 mM ¥ 100 mM 3 7}8 Foll A=
457} 77 243.64+3.98, 250.14410.08, 233.
06+4.48, 226.48+0, 154.78+7.94, 139.92+0 4l
14.7140 ymole pi/mg protein/hr 2 benzyl alcohol
o 257} S uf (5~20 mM)oj = Ca**-ATPase
o A=s} Zrlatd ot 40mM ool A= &
A4 oA =gk,

il &
A Z.ath2 ol x] A (phospholipid)¢] °] FZ(bilayer)
o2 5o g3 drle] FelxHE A AF &
o] o Apole] o] Yk F2E BEL o

o] (Bretscher, 1985), A £2H-& 7433 YU+ A -LJ
3 g whel obs} ghol] wldjH o2 $EF

At Aoz o7 A 9 rcl(Harison & Lunt,
1980), o] Sol o3k Qlx| 4 % amines$ 353}
1. 9]+ phosphatidylethanolamine =} phosphatidyl-

serine & 2= Z bilayer = of 4] cytoplasmic
monolayerol] B 2331 glth Sheetz & Singer

(1975) o o5} Aleke] Raypute AF A A
zete) WA 722 2232 oA A4 v
A BFu]Fo] otZe] monolayers} wlEe]
monolayer2] electrostatic chargez} &}t o 27}
oFgo| HYFato] AYL W FE SAe w2}
Aot 2905} Gere 297 eis} Be
A ¥l gkt 3 o} (bilayer couple hypothesis), w2}
A, o] 7ol o5t LA v FEEL A
Q7ate) wigol AR el of B A% Il o
3o A ef" o 2 93}A) 7| 2 2 discocyticqt H T
2 7] x| A (crenated) 2] echinocyticgt & ej 2 ®H 3}t
A7, M FRA S St GEEe 4T
QhEe| Aeed of e Aoz HHA2

2 discocyticdl A 875 71 mokel stomatocyticgk

CA21E A 2% 1987—

ez w2k g,

Z 4o} A 2 2] 2 benzyl alcohole FA &3
o]z gt o]A o] Axatz AFsH 50 mMo|ste
Ge FroME AT JHE
el WAz 2 oY FEoAME
echinocyticdt & e} 2 ¥ 31| 7l v} 2 3k} (Chabanel
et al, 1985). o] = Y& =X 9] benzyl alcohol—q- A
W 7ate] qlEo] A5A 0T Ao, £
2] benzyl alcohol& & &g} upzhel] 7 J%—%
ol Aoz M oo} L Yo Hke HET
o QA 7)oz d3gg elA Aoz P,

217, B Age] A+ benzyl alcoholo] # ¥
Hejol] ofw J3e mlA & AE FA}AUT 2
2 lojA] RE wle} 7] 20mM B 40 mMe]
benzyl alcohol&- A ¥-79] Fe)E stomatocytictt
He|2 wstAzl o] 80mM$ benzyl alcohol&
echinocyticdt e 2 WA A, o A¥AAE
Chabanel et al.(1985)8] A@A= 3 & A3
1. Mohandas et al.(1979) o] A £2}2] ot&ate] F
2 A}9l 5 = lysophosphatidylcholine e 2 & g 1%
A2 §-¢ ul stomatocyticqt Fej2 HPchE AH
473 gAsE A9 2 4 ek e 5
2] benzyl alcoholo] ¢ A £2}+2] 9}Z monolayeroi]
AzAo g AZsEA = A3 & 4 Yo, =
AgAo] AL ez Folstd kEeel A%
A7} 74 E 4= g x]=l, o] A 7 benzyl alcohol
o tEate] 4 Ase odl el YA
444 & 4 gich ok 7b5e Awe benzyl
alcoholo] otZute] Sl& <l A |t 7|8t FA
o g iinP 7} wpgate] A steol vl 27] WE
ol gtz w3 £ glch, o] 2}7ko] benzyl alcoholo] A
W79 WelE ARAZ ke ALl A8 B
2eid d4oe defA Y= AW R
48 454 27 dsels 9 72 oz
A7}, o] F AYE A AT AFEAE
AHYste] YAE Yoz APt Fs) 3
%7 .80l a5 3 benzyl alcoholo] A &4 &
o}l (hypotonic solution) ol] 4 2] fragility % 343
4-o (hypertonic solution) o 4] &] A% &3 o) =
A& o4 & B3t ch, Benzyl alcoholo] 2 &7
o AR PP A FFE 27 200

stomatocytic &}

E e m
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—olg¥ o 291
el e whet Fro] 2 AAE A S, ol
= Pilwat et al.(1975) 2] AH A2} & AX &
444 o] e}, Benzyl alcobolo] 4 @79 ALFH £
dakel sAE Qg 27 3¢ vepd,
benzyl alcohol2 10 mM 2 40 mMol| 4 Z 3] F&
Ha& ¥ 9iv}, o]+ benzyl alcoholo] # -t
53 29 o3¢ dAFozA AP §4
$A%2 debn & 4 gEd 2ol 2 4 9
= s o) PR
“non-solvent volume’o] 2 798 Mo} benzyl
alcohol & BH8] £ o Bab dAHAUA T L
29 o 5% Yooz 849 3% 244
A ohebs # 4 gleh, ol 2bo] benzyl alcoholo]
Q7 ol 843 +2ol 43 848 ¥4 £
o= 7312 £PE3E A3t 22 benzyl
alcohole] A & Fubo]l o3 Stabilizing effect”
(Pilwat et al., 1975)o)} 2] 3} of “mean clitical
hemolytic volume”’ o] Z7}3}7] w]F-o] o}d 7} Azt
i}, &3} benzyl alcoholo] & & F-ule] “disorder-
ing effect”” (Glader & Sullivan, 1979)0} 2 %]-0:1 A
B4 golez 3o £ 9 AAAY o5 o
As] ol SYRAE AT 45 9SS
AT 4 9ith, g3, benzyl alcoholo] A E£wut§- E-
g Ca*tt o] Eo] o] FEgS u|AE AE BAI}
7l Y5l AAZTE FEo]A Bowditch &
Waodworth Staircase 3 Alo)] v} & & F 3+ &4 3}
Arid 27 4 9 5ollA B wieh o] F3| o
A5 9dch, o]+ benzyl alcoholo] AlZwtg %3
Ca*t §92 AAE % oh)g} SRe| Al ¢] Ca*+ A4
HE A TG 2ol 73}, =3F} benzyl alcohol
© A& Futol 4] 2} % Cat*-ATPasest 24T S.
R.o} 4] ] Cat*-ATPasex 3] A stFch(2 6
2l 7), E3| benzyl alcohol& 10 mMo]3}le] F %
o 4] 9] Ca**-ATPased] $H =& F7HA17]= A ¥
o] Aot BAHoZ FT AL olSiT, 2
oj el FxolXE ZF 9AE . o] & Gordon
et al.(1980) o] benzyl alcohol &} basal adenylate
cyclase AT B L JHe L1H AT U
st A zhol o,
0|49 4g4H 5oz v|Fo] ol Benzyl
weonal® A 7 AT L8 A2 oI5

o o rl r

benzyl alcohol--

rulo

: Benzyl Alcoholo] A]%ute] e o Calcium o] & o] ol u| )& of 34—

o ool AEH ez Aol ALt Yo
WA gezs Azt ol gk sl A%
o e F Jee A Aeld ot of
ohx AEHE FARE A4 MuidiyE W
7171 ol ohdsk A7, o] & VAT A
3 7 7} 2 benzyl alcohol& of 2] 221 9] A F 1hof] A
fluidityE F7}A|Zlck= 237} 3t} (Brasitus &
Schachter, 1980; Carriere & LeGrimellec, 1986;
Chabanel et al., 1985; Giraud et al., 1981; Gordon et
al., 1980; Houslay & Gordon, 1983; Martin et al.,
1985) o] Zoll4] benzyl alcohole] (Nat+4K*)-
ATPase (Giraud et al., 1981; Chabanel et al., 1985)
1) Mg*+-ATPase(Gordon et al., 1980)5 2] &4
EE AAAZ"gE s E APAA R A3}
g 2.1} benzyl alcoholo] fluidity 5 £ 7}A] 7ol & &
T3} adenylate cyclase $A & Z7HAZH =
2 7 (Brasitus & Schachter 1980; Gordon et al,
1980; Houslay & Gordon, 1983; Martin et al., 1983)

< Aol ¥t A4 g4 A ol e}, Benzyl alcoholo] 3 3]
ALY MuidityE 247N 75 ofd
ANAez oY HLt AARD BB Bat B4
S$A7E x WA o £ glo} Giraud et al.
(1981)-2 40 mM<2] benzyl alcoholo] A &--ulo]
ZA 51+ (Nat+K+)-ATPase2] Al £ vjo Q)
599 A solE FFE v A YFel =%
H 99 A zoe FFE A A e 2
2ol vl%o] & ol ofobe & o) ALt
o] 4] 2] »f d (orientation) 2} A g FA 7t A& A
22 HojAr,

Z in vivool| 4] Ca**-ATPase t}u =z & Y.<}k
o] ¢F 110.000 dalton® = = & monomer7} dimer
T&F o|Fx gleAder oA glx (Hymel et

r[r

al, 1984), 110,000 dalton®] ¥} 3 55,000 dalton
o #HFHEe FHE AEA el x5

phosphorylationo] QJojit+= -9 2.4 Ca**ofl e
As=st Z ez v A glc}(Shamoo, 1978),
u}2}A] benzyl alcohole] A} Lutoll 7 3H3}ed uhol
313 o] Catt-ATPase £x}o] A xA &£o 2 &
23 2 9o F23"<4q ¥ 3 (conformational
change) & o7 Cattol it AZEE 7F4 A
Nezd BAEC BBE w13 Aoz AL,
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4G AT AL W] HE FHe 2A%
Zha A2 o,
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Sigiert BAHS 2 slogle Aol ohiglz 10
mM, 30 mM, 40 mM, 50 mM 2 100 mM 5 X.o]
Ay 2% Catt-ATPase AT & A A7,

6) Benzyl alcohol2 5mM % 10 mMedj| 4 T4

=3
-

DA214 Al 2% 1987—

Z S.R.9) Cat*-ATPased] A =F 7t F7}HA]
71 % A sl 919l 21} 20 mM, 30 mM, 40 mM, 60
mM % 100 mM F X oA & 25 Cat*-ATPase &
HEE AASch,

o418} Y472 benzyl alcoholo] 4|27l
o Azl F%ol G WA A E 2
71 2. 24, benzyl alcohol2 4] £2}2] bilayer
Z.9] monolayero]] A3 o 7 A3l Q&

monolayer>} 3 345} A F22 Q] ¥ FE oo
] wjo]] AlLtE 7t2AY o] F3te 7 AE
ool WFS FI UFE FAYH ol "
Enkls EE]’“ daez oA e AETe
LA °}‘4f’4 FubA Ao &
AH olFdtE Catt o o]Fef
Bl XA g2 o] 2] gt 2 s A Al
oNAe) ez W E BAS YE AoE B
. & Ca**t- ATPaserx 1 A E Y7 A2
EZ35o] 9loen 2 benzyl alcoholo]
% 2| monolayerol] 7 33tod ZAQFH T
H3tE doyr] Wgel 2 F4E7 JA
02 AgHc

b

r_g rlr

e

o oo o

p
ng—?‘-"él‘
a
F"—{
Ly
P
o

:l_:’
o

R

wol

L N R S PR R

de A o jo LR

REFERENCES

‘Bessis M (1973). Red Cell Shapes. An illustrated classifi-

cation and its rationale. In: Bessis M, Weed RI &
Leblond PF (ed) Red Cell-Shape. Berlin, Springer-Ver-
lage, p 1-25

Brasitus TA & Schachter D (1980). Lipid dynamics and
lipid protein interactions in rat enterocyte basolateral
and microvillus membranes. Biochemistry 19, 2763
-2769

Bretscher MS (1985). The molecules of the cell membrane.
Sci Am 253 (4), 100-109

Carriere B & LeGrimellec C (1986). Effects of benzyl
alcohol on enzyme activities and D-glucose transport
in Kidney brush-border membranes. Biochem Biophys
Acta 857, 131-138

Cha YN, Shin BC & Lee KS (1971). Action uptake of
Ca** and Ca**-activated Mg**-ATPase in red cell
membrane fragment. J Gen Phusiol 57, 202-215

Chabanel A, Abbott RE, Chien S & Schachter D (1985).
Effect of benzyl alcohol on erythrocyte shape, mem-

-— 166 —



—o1%48 9 29] : Benzyl Alcoholo] M 2uto} e 3 Calcium o] o] %ol w[x& F&—

brane hemileaflet fluidity and membrane viscoelas-
ticity. Biochim Biophys Acta 816, 142-152

Deuticke B (1968). Transfomation and restoration of
biconcave shape of human erythrocytes induced by
amphiphilic agents and changes in ionic environ-
ment. Biochim Biophys Acte 163, 494-500

Dodge JT, Mitchell C & Hanahan D] (1963). The prepa-
ration and chemical characteristics of hemoglobin-
free ghosts of human erythrocytes. Arch Biochem
Biophys 100, 119-130

Giraud F, Claret M, Bruckdorfer KR & Chailley B (1981).
The effects of membrane lipid order and cholesterol
on the internal and external cationic sites of the
Nat*-K* pump in erythrocyte. Bigchim Biophys Acta
647, 249-258

Glader BE & Sullivan DW (1979). Erythrocyte disorders
leading to potassium loss and cellular dehydration.
In: Lux SE, Marchesi VT & Fox CF (ed) Normal and
abnormal red cell membranes. Alan R. Liss Inc. New
York, p 503-513

Gordon LM, Sauerheber RD, Esgate JA, Dipple I,
Marchmont R] & Houslay MD (1980). The increase
in bilayer fluidity of rat liver plasma membranes
achieved by the local anesthetic benzyl alcohol affects
the activity of intrinsic membrane enzymes. J Biol
Chem 255, 4519-4527

Hah JS, Kang BS & Kang DH (1978). Effect of Panax-
Ginseng alcohol extract on cardiovascular system.
Yonses Med J 19, 11-18

Hajdu S (1953). Mechanism of staircase and contracture
in ventricular muscle. Am J Physiol 174, 371-380

Hajdu S (1969). Mechanism of the woodworth staircase
phenomenon in heart and skeletal muscle. Am J
Physiol 216, 206-214

Harrison R & Lunt GG (1980). Membrane asymmetry.
In: Biological membranes. John Wiley and Sons, New
York, p 102-129

Houslay MD & Gordon LM (1983). The activity of
adenylate cyclase is regulated by the nature of its
lipid environment. In: Kleinzellar A & Martin BR

(ed) Current Topics in Membranes and Transport. Vol 18,
Academic Press, New York, p!179-231

Hymel L, Maurer A, Berenski C, Jung CY & Fleischer S
(1984). Target size of calcium pump protein from
skeletal muscle sarcoplasmic reticulum. J Biol Chem
259, 4390-4895

Lowry OH, Rosenbrough NJ, Farr AL & Randall R]
(1951). Protein measurement with the folin pheno!
reagent. J Biol Chem 193, 265-275

Martin KJ, McConkey CL & Strokes TJ (1985). Effects of
benzyl alcohol on PTH receptor-adenylate cyclase
system of canine kidney. Am J Physiol 248, E31-E35

Matayoshi ED (1980). Distribution of shape-changing
compounds across the red cell membrane. Biochemis-
try 19, 3414-3422

Michell B (1983). Ca** and protein kinase C: two syner-
gistic cellular signals. TIBS 8, 263

Miller KW (1977). Towards the molecular bases of anes-
thetic action. Anesthesiology 46, 2-4

Mohandas N & Feo C (1975). A quantitative study of the
red cell shape changes produced by anionic and
cationic derivatives of phenothiazines. Blood Cells 1,
375-384

Mohandas N, Phillipas WM & Bessis M (1979). Red
blood cell deformability and hemolytic anemias.
Serin Hematol 16, 95-114

Peter JB & Worsfold M (1969). Muscular dystrophy and
other myopathies: Sarcotubular vesicles in early
disease. Biochem Med 2, 364

Pilwat G, Zimmermann U & Riemann F (1975). Dielectric
breakdown smeasurements of human and bovine
erythrocyte membranes using benzyl alcohol as a
probe molecule. Biochim Biophys Acta 406, 424-432

Shamoo AE (1978). Reconstitution of the 20,000 dalton
fragment of {Ca**+ Mg**)-ATPase in phosphatidyl-
choline vesicles. Developments in Cell Biology 4, 59-63

Sheetz MP & Singer SJ (1975). Biological membranes as
bilayer couples. A molecular mechanism of drug-
erythrocyte interaction. Proc Natl Acad Sci USA 71,
4456-4461

— 167 —



