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Abstract Interaction of miconazole, an antifungal agent, with mammalian crythrocytes has been stud- 
ied. Miconazole brings about hemolysis of sheep erythrocytes and 50 per cent hemolysis is observed 
at a drug concentration of 1.58 x 10 ~M. The drug-induced hemol>sis is dependent on drug:cell 
ratio. Erythrocytes from different species do not show any significant xariation m their sensitixit,, 
to miconazole. The uptake of miconazole by erythrocytes is very rapid and m~tior portion of the 
drug taken up is associated with the cell membrane. Miconazole binds mostly to membrane lipoprotcin 
fractions containing a lipid:protein ratio of 1"0. Miconazole-induced hemolysis is inhibited by' serum 
and the serum components responsible for the inhibition have been identified as albumin and lgG. 
Bovine serum albumin is found quite effective in protecting crythrocytes against drug-induced hemol3 sis. 
The hemolytic activity of miconazole has been compared with polyene antibiotics, digitonin and 
2-phenethylalcohol. From these results it is concluded that miconazole interacts directly' ~ith the red 
cell membrane and alters its permeability. 

Miconazole nitrate [1-(2,4-dichloro-fl-(2,4-dichloro- 
benzyloxy) phenethyl)imidazole nitrate] has a broad- 
spectrum of activity against most pathogenic fungi 
and Gram-positive bacteria [1 3]. Its effective thera- 
peutic use as a topical applicant in treating skin and 
nail infections and in wtginal candidiasis has been 
welt documented [4 8]. 

Biochemical and electron microscopic studies on 
the mechanism of action of miconazole have been 
reported[9 I1]. The drug caused a significant m- 
crease in membrane permeability in cells of Candida 
all#cans as evidenced by a rapid loss of intracellular 
materials [9]. At low concentrations, miconazole sel- 
ectively inhibited the uptake of purines and glutamme 
by the cells of C. alhicans [10]. Electron microscopic 
examination of C. albicans cells exposed to micona- 
zole revealed that the earliest drug-induced alter- 
ations are seen at the plasma membrane before any 
other cytoplasmic organelle seems to be in- 
volved [I1]. These findings clearly reveal that 
miconazote impairs membrane function by inducing 
selective permeability changes in the cell membranes 
of sensitive cells. 

In an attempt to determine whether the action of 
miconazole on membrane permeability is restricted 
to yeast cells or has a similar action on animal cells. 
its effect on the permeability of sheep erythroeytes 
is investigated. The present paper reports a study of 
wtrious aspects of interaction of miconazole with red 
blood cells. 

MATERIALS AND METHODS 

Materials. Crystalline bovine serum albumin, cho- 
lesterol, digitonin and sodium dodecyl sulphate were 
purchased from Sigma Chemical Co., St. Louis, 
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U.S.A. Amphotericin B and nystatin were kindly 
donated by E. R. Squibb and Sons. Inc.. Princeton. 
U.S.A. Miconazole nitrate was a gift sample from 
Ethnor Ltd.. Bombay, India. [3H]Miconazole tsp. act, 
21,~2'3 mCi..m-mole) was a kind donation of ,lanssen 
Pharmaceutica, Belgium. 

Erytlwoo'te prel~aration. Fresh blood from healthy 
human adults, wistar rats. guinea pigs, rabbits and 
sheep {for non-nucleated erythrocyles) or from 
chickens ffor nucleated erythrocytes) were obtained 
using Alsever's sohttion as an anticoagulant, hnmedi- 
ately after collection, the blood was centrifttged at 
1500,q in a Sorwtll centrifuge model RC-2B for 10 rain 
at 4 and the plasma and the buff3 coat \~erc 
removed. The packed erythrocytes were washed Ibm 
times with 0'15 M NaCl {isotonic saline) followed b> 
centrifugation. The cells after the last wash were sus- 
pended in 0-15 M NaC1 to give an erythrocyte suspen- 
sion containmg approximately 1.5 × 10" cells ml (by 
hemocytometer count). Unless otherwise specified, all 
experiments were done with this cell suspension. Ali- 
quots of the cell suspension were pre-incubated tot 
15rain at 37 before the start of the reaction. 

Measurement o/ hemolysis. Hemol3sis ~as deter- 
mined by' the addition of 0-1 ml of v~ashcd crsthro- 
cytes to 4'9 ml of 0-15 M NaCI (preincubated at 37 
for 15 rain)containing miconazole (in 50", ethanol) 
at wlrious concentrations. Each sample had a linal 
volume of 5ml  and erythrocyte concentration of 
3 × 107 cells/ml. Control tubes containing appro- 
priate quantity of ethanol were included in each ex- 
periment and the tinal concentralion of ethanol m 
all the samples was 1 per cent. After the required 
time of incubation at 37 .  the tubes were centrifuged 
and the hemoglobin released was determined by mea- 
suring the absorbance of the supernatant at ,~40 nm 
in a Beckman model-DU spectrophotometcr. The 
data were corrected for the release of hemoglobirl 
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observed in controls. To determine the total  amounts  
of intracellular hemoglobin, 01 ml of cell suspension 
\ \ a s  13sed in 4"9 i]11 of distilled water al]d centrifuged. 
The stipernat~ult had an absorbancv of 0.800 :it 
540 l i e .  Loss of hemoglobin \``iis expressed as a per 
COl]rage of total cellular conlent of ] lemoglobin in the 
tlnl reared cells. 

/.'/./<d.<. q l  [~II]mic,m.zole. [-~H]Miconazole (sp. 
ucl. 2923 mCi m-mole} was diluted with unklbcled 
miconazole to achieve the desired molar  concen- 
trat ion of the drug. This diluted solution {4 × 10 4 
Mi was used to lncasure the uptake of miconazole 
at different concenlrat ions in 0'15 M NaCI 0-01 M 
sodium phosphate  bufl;er, pH 7-4. Erythrocytes 116 × 
l0 s cells)were incubated at 37 with different co l ] cen -  
t r a t i o n s  of [~H]miconazole  dissol,,'ed in 50",, ethanol. 
The final \o lume of each sample was 4 e l  and con- 
tained 4 × I(F cel ls 'e l .  After 15 rnin of incubation, 
2 -e l  aliquots of cell suspension were remo\ed  and 
centrifuged. Aliquots t l 0 0 / d )  of supernatant  fraction 
and total cell suspension were spotted on Wha t m an  
3 MM tilter squares, dried under  infiared lamp, and 
counted m Beckman LS-100 liquid scintillation 
counter using 10 ml scintillation fluid containing 0-4".  
PPO and 0-005"<> P O P O P  in toluene. The difference 
between the counts in the supernatant  and total cell 
suspension was taken as the amount  of drug taken 
tip by the cells. 

The amount of miconazole associated \~ith ll~c 
cytoplasm and bot lnd  tO the cell membrane  was 
determined in the following way. Coil suspensionn in- 
cubated with [3H]miconazole  (I × 10 5M) was 
washed t\~ice with 015  M NaC1 and were then hemo- 
Ivsed in 5 mM sodium phosphate  buffer, pH 7.4. An 
aliquot (100/tl) of the hemolysatc was removed l\w 
counting and the remainder was centrifuged tit 
20,000 0 for 20 rain to separate the rod cell membrane  
flom the cytoplasm. Radioactivity in I(X)/1 of the 
supernatant  fraction (cytoplasm) was dctermmed as 
described above. The difference between the amotlnt  
of drug taken by' the cells and the amount  in the 
cytoplasm is taken as the amount  of drug bound to 
membranes. 

PI'CI)~II'LIIiOI1 ()I'('I'.wlllI'OE'yIC III('III[)F[II1W.k. Sheep cr ' , th-  
rocytc membranes  were prepared by the procedure 
of Dodge el a/. [12]. The cells \~ere washed thrice 
~i th  0 1 5 M  NaC1 b\. centrifugation at 1500g for 
10 min at 4 . Membranes  ,,','ere prepared by the osmo- 
tic lysis of \vashed er~throcytes by ~ldding l0 volumes 
of cold 6'5 mM sodium phosphate  buffer, pH 7.4 to 
1 volume of packed cells and mixed with a magnetic 
stirrer for 15 rain. The heinolysate was centrifuged at 
30.000U ~lt 4 for 4[)min in a Sorvall centrifug0 triode1 
R('-2B. Following centrifugation, the pOSt hemolytic 
residue was washed four to six times with the S~ill]e 
btltTcr and ~l (inal \~,.ash with isotonic saline. The milk~ 
mcmbranc  preparat ion thus obtained from thc last 
centrifugation, was suspended in isotonic saline to a 
protein eoncentra l io l ]  of  13 m g  e l .  

S<,hd~ili-ation of erylhrocyte membranes am/ ¢l~'l.lilt- 
ratiot~. Solubilizalion of eDthrocyte  membranes  and 
subscqucnt gel filtration was done according to the 
method of Zimmer  et al. [13]. Membrane  preparat ion 
conta ining 9 mg protein was incubated ,:.1t 37 with 
055 ml of l"<, sodium dodecvl sulphate R~I 30rain. 
The concentrat ion of sodium dodccvl stilpllate \\~ls 

;.ibout 0.6 mg'n]g of i]]ei]lbr~ine protein. I}.l)l 5 Imlolc,, 
of [~H]nliconazc)le contained hi ()15 M NaI(I x\il,, 
then added and the Ih]al \o lun lc  ~:is inadc tip h) 
25 ml with 0-15 M Na(' l .  h]cub:.ition \\~ls c<~ntinucd 
for a furfl]er 30rain ;Mid the solubi l i /cd nlci] lbranu <, 
~``cle gel filtered. 

Sopiladex ( ] - I (X )co lumn 14,<'; + 1.2cml \x:/s equili- 
brnied ~ i th  (I.5 M N a ( l  I}.()1 M f r i s  tt(G. p i t  ,',4. 
The dissolved n]en]branus \ \ere k l \ c rcd  o n l o  Ihc 
coluiTln add ,,el f i l t ra t ion  ~\as carr ied ()il l {ll ~,R i i i ic 
t ions of  cibotll ['5 1211 \ \c rc  collected. The Ir~ictit~ns 
conlprising v~ithin the peak ',it 2<R() nm x\ ere al lal \  scot 
for prolcin, l ipid and rcictioacti\ it\. Protehl. ph<~sph~> 
lipid alld cholesterol x~ele ck:iermh~cd in I1.1 (i.2-ml 
sanlples. Radioact i \ i t )  in I I . l -ml ,,itinpie \\zis delcr- 
i] l i i]ed ~ls described aboxe. 

lm'uhati<m O( .wrlml uilh [~H I,,,<<.,,<,;,.i<' <,~<t !t,.I 
./iltr,ti<,~. ()no ml sheep serunl \ \as inctibntcd \\ith 
[~H]n] iconazole (()'025 yn lo lcs)  ~il 37 for  3(i n/ in and 
gel-l l l tered at 2<~ on Sephadex (i-2(l() colt lmn 
i53 x 2 cm} equi l ibrated \\ i th (}.1 \.1 N~/('l IHi5 \1 
sodium phosph~itc buffer, pH 7-4. Fractions of 3ni t  
were collected and absoib~lp, c\ ~il 2S() nm ~lncl 
radioaci iv i t \  determined. 

-Inalv#ical I~rOccdlH'c.~. Protein \\~is dc'lerlnincc[ b\ 
the procedure c)l Lo\xr\ cl ~d. [14] \\ith cr\sl:lllinc 
bovine scrunl albumin ~ls standard. \ le l l lb ranc lipide 
were isolated b~ tl]c method of BligI~ nnd l)~er_ [15 ]. 
L ip id phosphorous \\as determined b\ it modi l ]cal ion 
of the rnetl]od of Bartlett [16]. as reported b \  Mcu-- 
inetti [17]  and phosphol ipid was estilnaled b \  mult i -  
plying the l ipid phosphorus cont0nt  b\ 25. ( 'bole- 
sierol was determined by lhe method ~1 (} l ick <'t 
./. [Is].  

RF]~I I,IN 

Mic(ma-oh'-imh.'cd hemolv.',i,<,. The timc course el 
miconazole-induced hemolysis of sheep erxthrocxtcs 
is shown in Fig. la. At a miconazole concentralit~n 
of I × 10 4 M, the 1]emolysis b \  micomlzolc is x, crx_ 
rapid and the rate is linear up to 2(Imin. ( omp le t c  
hemolysis restiitect in 40rain. In control lube,~ con- 
taining ettmnol at a linal concentration of 1",, (con- 
cenlrat ion equiwl lenl to those in experimental lubesl 
hen]olysis is less than 05  per cel]l. 

The effect of miconazole conccntrcition on the h> 
itial rate of hemolxsis is sho'~\n in Fig. lb. The cells 
are incubated with vafious concentraticms of drug lot + 
5 rain at 37 .  The extent of l]cmolxsis is markedl t  
infltienccd b~ the drt ig concelltr~iliOi1, l.;p to ;i drti~ 
concentration of 12 ,~ l0 ~M the nilu of ]]elnol\~,is 
is very slow and thereafter hlcru~isc:-, lapidl 5. f h c  drug 
concentrat ion required R)i 5t) per cent hemol is i s  is 
I.SS × l0 a M  and complete hemolxsis occurs at ~t 
concentrat ion of 22  . 10 a M 

The loss of hemoglobin from the ei-xti]roc,~tes is 
dependen t  11ol on l \  on lhc cc)ncentrnlic~n of miO,)llti- 
zolc in the incubation nlcdium, but :llso ~)11 the 
number  of er \ throcyles  present in the SLISIIOIlSi~+tl. 
When miconazolc concentration is hold constcint, :.ttld 
the lllAfnber o(" cells per i.init voltin]t_' o[ suspeiMing 
nledium is irlcreased, the hemol\sis is t~rogrcssi\cl_x 
decreased ~i th increasin,, cell concenlr'<ition I t"i G 2t. 
The hemolysis is oi l ] \  (~0 ~liltl 20 per toni it/ c i \ th i i~- 
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Fig. I. Miconazole-induced hemolysis of sheep erythro- 
cytes. (a) Time course of hemolysis of sheep erythrocytes 
by miconazole. Miconazole concentration, I × 10 4 M. (b) 
Effect of miconazole concentration on the initial rate of 
hemolysis of sheep erythrocytes. Incubation time, 5 min at 
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cyte concentration of 3 x 107 and 6 x 10 ~ cells/ml, 
respectively. 

Uptake amt distribution o[ miconazole. When eryth- 
rocytes are incubated with [3H]miconazole at non- 
hemolytic concentrations for 15min at 37 ,  the ~- 
uptake of drag by erythrocytes is very rapid and is ~" 
linear over the concentrations tested (Fig. 3). 
Measurements of its uptake b~ red cells at different 
concentrations show that more than 60 per cent of 
the drug added to the red cell suspension is associated 
w'ith the red cells. The distribution of radioactivity 
in cellular fractions of erythroeytes incubated with . 
[3H]miconazole was studied. The major portion of -~ 
the radioactivity taken up by the cells (83'!i,) is found ~- 
associated with the cell membranes. _~ 

Bil~ding (?f [~H]miconazole to erythrocyte membrane 
fi'action. When sheep erythrocyte membranes are g 
solubilized with sodium dodecyl sulphate and gel ill- 
tered on Sephadex G-100, the partial separation of 
membrane lipoproteins is achieved. As the gel tilt- 
ration proceeds, the lipid:protein ratio changes from 
above I to about 0-2. This separation of membrane 
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Fig.._.'~ Effect of sheep cr,dhrocste, concentration on 
helnolysis b 5, miconazole. Miconazole concentration. 

l x l 0  aM. 

lipoproteins indicate that the lipoproteins With the 
higher lipid content are eluted first. To characterize 
the miconazole binding site on membranes the solubi- 
lized membranes are incubated with [3H]miconazole 
and gel-filtered. The pattern of elution of lipoproteins 
and radioactivity are shown in Fig. 4. The radioacti- 
vity peak coincided with the membrane lipoprotein 
peak having a lipid:protein ratio of 1-0. About 90 
per cent of the total radioactivity present during the 
incubation of membranes with the drug got eluted 
with the liproprotein fractions indicating a strong 
binding of miconazole to membrane components. 

Inhibition q[ hemolysi,~ hy serum. The effect of 
homologous serum on the miconazole-induced hemo- 
lysis of sheep erythrocytes is shown in Fig. 5. The 
erythrocytes are preincubated with serum and the 
reaction is started by the addition of miconazole to 
a final concentration of 1 x 10 ~M and incubated 
for 20rain at 37 . The serum has a protective action 
and inhibits the miconazole-induced hemolysis even 
at low concentrations. At 0"2"; serum level, the hemo- 
lysis is inhibited by 60 per cent anda t  1,!. the inhibi- 
tion is more than 90 per cent. 

48 

32 

L I , I , I , I , I 
4 8 i2 16 20 

Miconazole concentrat ion,  ×10, 6 M 

Fig. 3. Uptake of [-~H]miconazole b~ sheep er?throcytes. 
Incubation time, 15 min at 37 . 
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Fig. 4. B i n d i n g  o f  1 3 H ] m i c o n a z o l e  to  c r y t h r o c y t c  m c m -  

b i ' a l l c  l i p o p r o i c i n  f r a c t i o n s .  E r ' r t h r o c } t c  m e m b r a n e s ,  s o h i -  

b l i t z e d  w i l h  sodium dodecyl sulphate, wcrc incubated with 
[3H]miconazolc and gcl-filtered on Sephadcx G-100 
column. Aftcr gel filtration, individual fractions were ana- 

lysed for radioacti\ity, protein and lipid content. 

To characterize lhe serum componentls) respon- 
sible for the inhibition of miconazole-induced homo- 
15,sis, serum is incubated with [3H]miconazolc and 
gel-filtered on Scphadex G-200 (Fig. 6). The radioacti- 
vity of the drug eluted in flactions containing IgG 
and albumin. About 40 pcr cent of the total radioacti- 
xity is found in lgG fraction and 60 per cent in the 
albumin. These results indicate that miconazole binds 
to serum protcins and the inhibitory effect of serum 
on hemolysis is a consequence of miconazole binding 
t o  s e r u m  proteins. 
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Fig. 6. Binding o f [  HJ nicomizolc to set ul l l  p ro tcn /s i  ( h l c  

lnI sheep serum t~<as inctibated ~ith ~ " [- H]mlconalolc and 
g e l - t i l t c r c d  on Scphadcx G - 2 0 0  c o l u m n .  A l ' t c r  ge l  l i l t r a t J~ ln .  

each [ ' l ' a c l i o n  , a a s  a n a l \ s o d  [or  abso rbancx  at 2 S ( ) n m  Lilld 

fadioacti~ i t \  

Since miconazolc binds to albumin it is of intcl-est 
to see the hemolytic activitx of micomlzolc in lhc 

presencc of albumin. Erythroc}tcs arc preinculmiled 
with var ious ~.lnlol.lnls t)[  bovine SOltim a lbumin ]or 
30ra in at 37 before the addi t ion of miconazolc. ,\s 
shown in Fig. 7 thc hcmolstic activi b of miconazolc 
is i n h i b i t e d  b y  a l b l l m i n  a n d  a t  a l l  a l b u n l i n  COl /Cel l l -  

rat ion of  0.4 mg.ml,  the homol)s is is mhib i led bx 6x 
per cent. The hemolytic activit3 of lnicollazole is p~ll- 
tial b retained :-it 2 mg, ml albumin conccnlratiOl/. 

Relative hemolytic £[]{'ct o! illiwo/ltlZo[d ('Ollll)tll'dd 
wil]l olhdr l#lWlll/)l'OHd-tlCtiud ill'lit/?;. For C O l l l p t l r i s o l / .  

the effect of other membrane-active agents like 
pol,,.ene antibiotics, digitonin and 2-phencila31alcohcq 
on sheep ci)throcytes is studied. The cells Llrc iilctl- 
bated wi th  the difl 'crenl concentrat ions of each drt ig 
for 51nin at 37 and lron*i the graphic plot of lhc 
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Fig. 5. Inhibition of miconazole-induccd hemolysis of 
sheep cr3throcytcs b 3 homologous scruln. Micomlzolc con- 

ccnlration, I × 10 "~M. 
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Table I. Comparative hemolntic eft;act of miconazolc with 
other membrane active agents 

Drugs tcsted 
(onccntration of drug required 

for 50<',, hemolysis 

Ampholericin B 9.2 × 10 "M 
Nvstatin 8.4 × 10 ~M 
Digitonin 2.6 × 10 "M 
2-Phenethylalcohol 5.7 × 10 2 M 
Miconazole 1"58 × 10 aM 

To tubes containing dilfcrcnt concentrations of drugs in- 
dicated in the table. ~ashed sheep crylhroc~tes were added 
to a final concentration of 3 × 107 cells/mE incubated for 
5 lniu at  37 and immediately ccntrifuged. The hcmoglobin 
released was measured as dcscribcd under Mat;rials and 
Methods. Amphotericin B and nystatin were dissolved in 
dimcthylformamide, digitonin in absohlle alcohol and dihl- 
tions of 2-phenthylalcohol in 50% ethanol. The control 
tubes containcd the equivalent amoum of solvents in which 
the drug was dissolved. 

data, fine concentration of each drug needed to bring 
about 50°, hemolysis is calculated. As slnown in ]ab le  
1, digitonin is a more potent hemolytic agent while 
2-phenethylalcohol is least effective. Digitonin, 
amplaotericin B and nystatin cause 50!!, hemolysis at 
60. 17 and 1.8-fold lesser concentration tlnan micona- 
zole, respectively. On the other lnand, 2-plnenethylal- 
cobol requires about 360-fold higher concentration 
tlnan miconazole to bring about 50?,, hemolysis. 

Hemolytic q[l~,ct o[ miconazole on er)'tln'oCl'te.~ fi'onl 
d(gbrent species. Erythrocytes from different species 
are examined for their susceptibility to miconuzole 
(Table 2). The washed crythrocytes from different spc- 
cies are incubated with different concentrations of 
miconazole for 5 min at 37 and fronn a graphic plot 
of fine data, the lnemobtic vahle corresponding to 50"0 
hemolysis is calculated. Among the non-nucleated 
erythrocytes, the wiriation in their susccptibilily to 
miconazole-induced lnemolysis is not verx significant. 
Erythrocytes from hamster require comparatively 
lower concentration (0.9 × 10 a M) than erythrocytes 
from humans which require a 3-fold higher concen- 
ccntration (2"76 × 10 ~ M). Erythrocytcs from guinea 
pig, rabbits and sheep arc susceptible to the same 

Table 2. Hemolytic effect of miconazolc on erythrocytes 
from diffcrcnt species 

Erythrocyte source 

('oncentration of iniconazole 
required t\~r 50". hemolysis 

Ix 10 "*M) 

Rat 1.18 
Rabbit 1.58 
Guinea pig 1.54 
Hamster 0.90 
Sheep 1"58 
Human 2-76 
Chicken 1-48 

The washed erythrocytes 13 x I0 ~ cclls:mll from differ- 
ent species were incubated with different concentrations 
of miconazole for 5 min at 37 and centrifuged immedi- 
ately. Hemoglobin released was measured as described tin- 
der Materials and Methods. From the graphic plot of the 
data. the concentration of drug required fl)r 50",, hemolysis 
,aas calculated. 

extent and require about 1.7-fold lower concentration 
than human erythrocytes. The nucleated erythrocy.tes 
from chicken are also equally sensitive to the action 
of miconazole and 50", hemolysis occurs ;it a drug 
concentration of 1.48 × I0 a M. 

DISCUSSION 

The drug-induced hemolysis of red cells is currently 
thought to occur by either of two basic mechanislns 
[19 22]. The first involves direct interaction of the 
drug with the red cell membrane which results in 
changes in membrane structure, increased perlneabi- 
lity, osmotic swelling and hemolysis. In the second 
mechanism, the drug first penetrates into the cell in- 
terior where it interferes with cellular metabolism ulti- 
mately resulting in membrane damage and hemolysis. 
The drug-induced hemolysis in fine second mechanism 
m a y  be due to enzyme deficiencies, unstable hemoglo- 
bins or immune meclmnisms [20, 21]. 

The present findings reveal tlnat miconazole has a 
profound effect on ern.throcyte membrane structure 
and brings about rapid hemolysis. This raises the pos- 
sibility tlmt hemolysis is the restilt of a direct interac- 
tion between miconazole and fine plasma membrane 
of the erythrocyles. A prerequisite to direct alteration 
of membrane permeability is th;tt miconazole must 
interact with the cell membrane. Data presenled in 
this paper show that [3H]miconazole at low, non-he- 
molytic concentrations binds largely to the red ccll 
membrane and tiros satisfying a necessary condition. 

Identification of the binding site on the erythrocyte 
membrane surface would help t\)r a better under- 
standing of the mechanism of action of membrane- 
active drugs, hn our effort to characterize the micona- 
zole-binding site on the erytlnrocyte nnembrane, it Ires 
been she,an that miconazole bind:, to menlbrane lipo- 
proteins strongly and that miconazolc binding is 
maximum in lipoprotcin fraction containing lipid: 
protein ratio of 10. The concelatration of sodiuna 
dodecylsulphate (0-6 mg SDS mg membrane protein) 
employed to solubilize the membrane in the present 
experiment does not causc ;tin 5 loss of biological ac- 
tivity of the membrane [13, 23]. and no disruption of 
lipoprotein structurc of the membrane is evident i Fig. 
4). The present experiments, howexer, do not indicate, 
the differential binding of miconaxolc to either lipid 
or protein part on the membrane. 

The protective effect of serum against micona/olc- 
induced hemolysis apparently restllts from tlnc bind- 
ing of miconazole to seruln protcins. Serum albumin 
is found quite effective in protecting crythrocytes 
against miconazole-induced hemolysis. The binding of 
miconazole to serum proteins would result in a reduc- 
tion of effective drug concentration to bring about 
hemolysis of erythrocytes. Several drugs al-e known 
to bind to albumin in the serum, but the binding 
of miconazolc to IgO, prcscnted in this paper, raises 
two possibilities. It may be eitlner due to the binding 
of miconazole to IgG itself" or to fine elution of albu- 
min dimcrs Ibrmed in tin; serum along with lgG. In 
the latter case the drug primarily brads to albumin, 
but due to the formation of albumin dinners the 
radioactivity appears in the lgG peak. 

Polseue antibiotics, which have been extensively 
studied t\)r their membrane damaging properties, 
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havc been compared with miconazo le  tbr their  h e m o -  
lytic act iv i ty.  A m o n g  the  polyencs ,  amphotcricir~ B 
showed  h igher  hemo l y t i c  effect than m i c o n a z o l c  and 
i lystatJn showed  a ln los t  equa l  cl]'ect. Dig i ton in .  :l 
pl:u]t saponin, exerts h igher hcmo lx t i c  ac t iv i t \  than 
l l lJCOll[ l iole. Pol,,encs a im sapOllil]S h]dtlcC 111C111[)1";11]C 
dama,,c by their stl-on,, b ind ine  to cholcstcrt+i in the 
ll]Cll]bf:.ll]c [24 32]. 2 - P h e n e t h y l a l c o h o L  which  is 
kno~,n  to impa i r  the  cell m e m b r a n e  func t ion  in bac- 
tcriu [33 .34] .  }eas l s  [35].  fungi [3(~]. t u m o r  cells [37] 
and marnmal inn c ry th rocy tcs [3S ] .  S]lOX~.cd ]mvcr 
hemoly t i c  ucti~.it) than miconazolc.  

Thcrc is littlc variation in the hemolytic cl]cct of 
miconazolc on crythroc}tcs (i-Oil1 dil]'erent spccics and 
it is h ldependcnt  of  the presence of  al3scncc t)[ :.l iltiC- 
Icus, The  basis  for the repor ted  dil] 'ercnccs in thc  
hemoly t i c  tendency a m o n g  species  is not  k n o ~ n  but 
xarial ion in the prolcin and lipid c o m p o s i t i o n  of  the 
red cell i]]Ol]]branc tllzl\ account l~:,r such differen- 
ces [39 4(>], 

On lhc basis of  thu results presented irl Ibis paper 
\vc conch lde  thut  m i c o n a z o l e  in te rac t s  dircctl} with 
the red cell m e m b r a n e  and  br ings  abou t  pcrmcabi l i t3  
altcratic~ns. T h o u g h  micorlazOlc hirids to men ,  b rahe  
l i popro te ins  strongl.~, the natl.lrc o[  lhis intcrztct ion 
is ilot kno\tn.  riac ct~cmicul iltilLIfC tl[ the drug indi- 
cates :.t possible mc, de  of  in\criterion. Since the  d r u g  
is l ] }d rophob ic  in na ture ,  lhc  in te rac t ion  may hc of  
a IL~drophobic type  and  this  wou ld  lead to an  inlpair-  
nlcnt  of nlcll]br;lllC ['l.lllC[it)i1. Further studies  arc 
nccdcd to chlc idatc  this aspect.  

.quknolvluduvsm,nl~ Tiffs work ,aas sponsored h,, the 
Ol]it_'c of Na\'a] Rcscirch. Waslfington. D.C, under con- 
t ract  No. N00014-71-('-0349. Wc CXpI'OSS Otll + gratcl'Lil 
thanks to Ethrior lad.. Bomba 3. India for the supply of 
miconazolc; .htnsscn Phurrnaccl.itica. Belgium for [ "H ]m i -  
conazolt.'; and E. R. Scluibb and Sons. Inc.. I:'rinccltm. 
t .S.A. t\+r :.unpholcrich+ B and n\siath+. 
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