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Microcalorimetry for the Uptake of lonic Drugs by Erythrocyte Cells and Ghosts
— In Relation to a Mechanism of the Drug-induced Hemolysis —

Magobei Yamamoto and Hatsumi Akj

{Received September 24,1991)

Tonic drugs of chlorpromazine (CPZ), promethazine (PMZ), flufenamic acid (FA) and
mefenamic acid (MA) were compared with each other as regards the hemolytic action, the
thermodynamics of drug binding to human erythrocyte membrane and the uptake into the
cell. (1) All the drugs binding interaction with human erythrocyte was spontaneous and
exothermic as indicated by negative signs of free energy and enthalpy changes, and conversely
the endothermic heat effect was found to be due to hemolysis and disruption of the membrane
structure.  (2) Cationic drugs, CPZ and PMZ. were bound and/or inserted to the inner
erythrocyte membrane with a high affinity. The reactions were characterized by small negative
enthalpy and large positive entropy changes which were contributed by hydrophobic inter-
action between drugs and the phospholipids in the membrane. While, the human erythrocyte
had two kinds of binding sites on the cell membrane for anionic drugs, FA and MA; one strong
binding site and other weak site with the lower affinity which were due to both ionic and
hydrophobic interactions. About 15% of the bound drugs was penetrated into the intracellular
membrane. The first class of the binding site was already saturated before hemolysis and the
second class might play a significant role in hemolysis by the drugs. (3) As the results, a
tentative mechanism for the ionic drug-induced hemolysis is proposed.
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drug binding to blood cells and drug-
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Flow chart of the program for analysis of calorimetric titration curve.
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Fig. 3 Hemolytic profiles of heat effect

(upper) and percent hemolysis of the
calorimetric solution (bottom) at 37°C.
Human erythrocytes in 4% (v/v) sus-
pension were incubated with 1.0 mM
CPZ (@), 2.0 mM FA (0). The percan-
tage of hemolysis was expressed as the
ratio the absorbance at 543 nm in the
final calorimetric solution to the absorb-

ance after the complete hemolysis in
water,
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Fig. 4 Calorimetric titration curves for drug

binding to erythrocyte ghosts at pH 7.4
in PBS solution and 37°C. The con-
centration of ghosts was 40% (v/v)
initially and in the range of 2.029 —
2,111 x 10°M finally by lowry method
with HSA as a standard. Points show
every three experimental data estimated
from single titration; CPZ (e), PMZ (m),
FA (o) and MA (g).

Netsu Sckutei 19{1} 1992



RS LG T2 ML B4 A Y HEYID AABD 3 JaBnyRry—

EOWIEERFE L1 C LU EHIERRY 5, bF, 7=
F Y HEMFAPCMADESIIBMEORANT, B
DEMICENEESBBOE AL E L,

WE, BRI SN OMIRTET 2 &L
T, ZABB 1 =V S 0DBEEMEA A r, S
DERITEAF L I 4SS MO ABE 1 =A%t ) Dkt
GEBREW, 45 E, LANBEADScatchard

v/Di=ne K-r+K (6)
r=nW. Wa, Di=D,-n P, W,/ W, THB»5

We/Di=WqK-W, + K il
L7 B, Fig bic, Fig. 4 7— 4 h oK 3TN0
HScatchard 7o v b &5 Uiz, W, & K OB 45
WUB/N R THB L2 & 05, CPZ EPMZIFFig.
4OMIMEBE 2MILBLT, cHEELS D, £
BALIHENS I BEHOATH -7, L, FAEMA
@SS, -2 MESHIE 2B TH LT &
biﬁ}ﬁl’) 7o

BEHTEA - TOEEL THDHETEIES/ T 2
=& ERSIEN NS X — 4 & Table 1icE vz, Eih
IANF-FIADIZAGC=-R T+ In K (R 4§
B, T HRAEE H5, 7o —Z(ASHIAS
=(AH-AG) /T 253kt

AT A EEYCPZL EPMZIR, 1 BEOADE AL
fifin =2~3, HAETHEK= (1.26~6.0) X 104 M ¢
LoTHEIZHESELTEY, NSVEDAHEK FVED
ASTEHTE 510 To A VHEHFAEIMA (12
R OESIMIICHEANET 72, B 1 BEABMLE
DS (K =100~ 105 M), L LESTE N
B<(ny=1), KEVHEDAHEFEDAS Ik - THH
D ot B2 RS BAN B E G K, -
103 MY, HAHFENHEL (;=6), HOASELS
DB TH ~ 12,

—MiC, BUKMREERTHEIAZWEOATE EOAS
DEENEODS, van der Waals’ HELEHD, 44y

-wel/0f x 104

Fig. 5

1 1 L

[1] 1
-Wr / uW

N -

Scatchard plots of calorimetric data.
Each data point represents a mean value
of three experiments in Fig. 4 and lines
are fitted by a non-linear least squares
method. The concentrations used were
0.01 - 0.3 mM for CPZ and PMZ, and
0.01 — 1.0 mM for FA and MA. Binding
parameters, K = 5.974 x 10*/M and
Wm = —0.28 ucalfsec for CPZ, K =2.013
x 10°M and W,, = —0.23 ucal/sec for
PMZ, Ky = 1.288 x 10°/M, K, =0.761 x
10°/M, W1 = —0.30 ucal/sec and W, ,
= —3.5 pcal/sec for FA and K; = 1.299
x 10*/M, K, = 0.870 x 103/M, Wy, =
—0.61 pcal/sec and W5 = —1.1 ucal/sec
for MA, were used for initial values of
the analysis of calorimetric titration
curves. For units 4,184 cal/sec = 1.0

J/sec.
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Table 1 Binding and thermodynamic parameters
for drug binding to human erythrocyte
ghosts at 37°C.

Drugs m K n —oH —aG AS
(10%-M™1) (kJemoI™") (kJ-mol™) (Jemol™! +deg™)
CPZ 5.959 25 5.774 28.35 72.8
PMZ 1.180 2.2 4.602 28.17 63.2
FA 1 1107 09 20.85 29.94 28.9
2 0.1014 64 17.84 -9.6
MA 1 2.991 12 18.28 26.56 26.8
2 0.1826 10.0 19.36 -33
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Table 2 Hemolytic concentrations (Cy and Csg)
and amount of bound drug to human
erythrocyte ghosts (r; and rso at Cy
and Cgg, respectively) at 37°C.

m G, Py ¥ rx/" Cso Teo rso/n
mM % mM %

CpPz 025 0280 924 052 0.293 96.6
PMZ 0.84 0250 90.4 127 0.250 904
FA 1 070 0.163 987 145 0.164 994
2 0459 396 0.674 58.2

MA 1 170 0.290 98.1 170 0.293 990
2 1.264 73.6 1469 854

Al

*107'¢ mol-cell™

&

30

Uptake / %

Fig. 6

10*

Bound conc.of drug /M

10°

Fig. 7

o d
[~

-l
@

107"

10
Incubation time / min

Percent uptake of FA and CPZ into
human erythrocyte cells suspended in a
medium with hematoerit of 2.0 at 37°C.
Initial concentrations of FA and CPZ in
the medium were 0.1 and 0.5 mM,
respectively. Closed and open symbols
show the uptake at 25°C and 37°C,
respectively. CPZ (0, @), FA (0, m).

m OO
o 0

e |

0.01 0.1 1
Drug conc./mM

Bound and penetrated concentrations of
CPZ and FA to erythrocyte ghosts.
Closed and open symbols show the
amount of bound drug calculated from
the calorimetric data using the values
of the parameters given in Table 1 and
the amount of penetrated drug obtained
from the experiments of uptake into
erythrocyte ghost membranes by using
labeled drug as a tracer at 37°C.

CPZ (0, ®), FA (0, m).
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Proposed
erythrocyte

actions of drugs on the
cell membrane; cationic
drug ( + ) and anionic drug { — ).
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H0, 51 EHELB2HLWTO/EDEMICERIR
AT B, W A4 Y HEEMFRBEMD A A =X LD
WTIRD T EWBEZ Gtze DAF A v HEYOFERE
MIBEMD 72 LI FRIMBREN ICES H W ITEAL,
BASE _EREAWET A Lick b, 0D 74 v HEY
BARMBREREICES L, 7791 LuckEheamd
HLRUHTHEMEFERET 5. HIEHR, KROoEYEH
WHBRMOEA TS, BEE Thid®E, RAOKT
OHHDETHEMOFER T 0w 2B TFEITE 5,

Al
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E B

AFAYWEMO s orTa= P (CPZ), 7oA s
TPMZ), TEA HEMO TN T x F LEEFA)
BRUAT 2 F2B(MA) Ok bR IMEKOEN, Mg
BB LUMIEANDIE O AAAELE L, 1 A Y
DE FRMKE DESTERGEAY, REMICES, 74
M EIRE OB TRIS RSN K8 Lz, CPZ &
PMZ 3R MIBRENBICE BN THEEH 2 VI EA
Lo ZOFRRBEMEREY) v ISEOBKEREIEHO
FFILLD, DNEVAOT vy L - LERXVED
Tyhor—-ZURREETHL, FAE MAICKILT,
HRIEA A4 & BAMEEE I L 2 2 B Ok A T
feE Lico 44 Y HEMEROEN A /= X 4 5218%
Lo





