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Abstract

The usefulness of sugar surfactants as solubilizing agents was assessed and compared to commercial polyoxyethylene-base
surfactants. The sugar surfactants examined comprised of monosaccharides or disaccharides with alkyl chains ranging from
C; to Cpp. Each surfactant was investigated with respect to solubilization capacity for felodipine and haemolytic activity. The
haemolytic activity was determined using a static method in which surfactant solutions were added to fresh dog blood. The
polyoxyethylene-based surfactants were found to be more suitable as solubilizing agents than the sugar surfactants due to better
solubilization capacities combined with lower haemolytic activities. The sugar surfactants caused severe haemolysis below or at
the critical micelle concentration, in contrast to the polyoxyethylene-based surfactants that are nonhaemolytic in this concentration
range. The structure-related variations in haemolytic activity are probably due to variations in the surfactants partition coefficients
for the distribution equilibrium between the aqueous phase and the cell membrane. Longer alkyl chains cause higher haemolytic
activity, while larger saccharide groups lower the activity. The clear difference between sugar and polyoxyethylene surfactants,
which are considerably less haemolytic, is due to a combination of low critical micelle concentrations and presumably low
degrees of partitioning of the latter surfactants into the cell membranes.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ionic surfactants are generally used. Beside phospho-
lipids, the group of acceptable surfactants for this
Surfactants find one of their major pharmaceuti- purpose has been limited to polyoxyethylene-based
cal uses as solubility enhancers in aqueous formu- surfactants.
lations. This approach is termed solubilization and  Recently, interest in the use of alternative surfac-
has been described extensively befokalkowsky, tants has grown. Existing nonionic surfactants for
1999. The selection of surfactant depends largely parenteral formulations suffer from several major
on the route of administration and the surfactant drawbacks. They may cause a range of adverse re-
concentration. For parenteral formulations, only non- sponses Attwood and Florence, 1983 haemolysis
and release of histamine being perhaps the most se-
vere. The commercial surfactant products generally
consist of complex mixtures of different compo-
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concerns of using presently accepted surfactants sinceOhnishi and Sagitani, 1993; Vinardell and Infante,
they are manufactured from petrochemical products. 1999, whereas sugar surfactants have been less in-
Sugar surfactantClaesson and Kjellin, 20Q02re vestigated in this respedRéinhart and Bauer, 1995
a class of surfactants whose hydrophilic part consists The diversity of methods employed for the haemoly-
of or is derived from a carbohydrate group. The sugar sis studies makes a direct comparison of surfactants in
group, being a naturally occurring compound, is likely different reports difficult. Furthermore, the attempts
to be nontoxic. Furthermore, it is produced from re- to correlate the haemolytic activity to surfactant prop-
newable resources and is readily biodegradable. Theerties such as the critical micelle concentratiomd)
sugar surfactants have drawn great attention as alter-(Miyajima et al., 1987; Tragner and Csordas, 1987;
natives in many industrial applications, but the number Ohnishi and Sagitani, 1993; Reinhart and Bauer,
of reports on their use in pharmaceutical applications 1995 or the hydrophile—lipophile balance (HLB)
is limited (Lerk et al., 1996; Uchegbu and Vyas, (Zaslavsky et al., 1978; Fukuda et al., 1987;
1998; von Rybinski and Hill, 1998 Miyajima et al., 1987; Ohnishi and Sagitani, 1993
The aim of this work was to assess the useful- have failed. Hence, the haemolytic activity of a surfac-
ness of a number of simple sugar-based surfac-tant cannot be assessed based on such data. Here we
tants as solubilizers in parenteral formulations, and report comparable haemolysis data for a few common
compare this group of surfactants with existing polyoxyethylene-based surfactants and a number of
polyoxyethylene-based surfactants. Here we have typical sugar surfactants. Sugar surfactants previously

focused on the most restricting property of the sur-
factants for this application, their ability to cause
haemolysis. Another important aspect is the capacity
to solubilize sparingly soluble substanc¥alkowsky,
1999. Those two properties are for many surfac-
tants conflicting. Hence, the solubilization capacity

for a model substance, felodipine, has also been de-

termined. Felodipine, being a neutral and lipophilic
molecule with a very limited aqueous solubility, is a
good model substance for solubilization studiesn(
Corswant et al., 1998 The substance is stable in so-
lution, the aqueous solubility is independent on pH,
and it is readily solubilized in surfactant systems.
Several different methods, both static and dynamic,
for determining the haemolytic activity of surfactants
have been proposedKizyzaniak and Yalkowsky,
1999. The dynamic methods, in which a surfactant
solution is added to a flowing blood stream, probably
bear greatest relevance for the physiological situation.
However, a less labor intensive static method was
employed in the present study. Clearly, the obtained
data cannot be interpreted in terms of haemolysis in

not studied are also included in the present work.

2. Materials and methods
2.1. Materials

14C-labeled felodipine with specific radioactivity
of 667 MBg/mol and 96% radiochemical purity was
obtained from AstraZeneca AB. Polyoxyethylene (10)
isooctylphenyl ether (Tritdh X-100), polyoxyethy-
lene (23) lauryl ether (Biff 35), polyoxyethylene
(20) stearyl ether (Bffj 78), N-octanoylN-methyl-
glucamine (Mega-8), and-decanoylN-methylgluca-
mine (Mega-10) were purchased from Sigma—Aldrich
Sweden AB;n-octyl B-p-glucopyranoside (§51), n-
octyl B-p-maltopyranoside (§52), andn-dodecyl-
p-maltopyranoside (§Gy) from Calbiochem Corp.,
La Jolla; and sucrose monododecanoate (SMD) from
Fluka Chemie AG, Buchs, Switzerland. Soltol
HS15 was obtained from BASF AB. Prof. Vulfson,
Institute of Food Research, Reading, UK kindly pro-

humans after parenteral administration but the method vided lactose monododecanoate (LMD). The commer-

is satisfying for comparing haemolytic activity of
different surfactants.

The haemolytic activity of polyoxyethylene-based
surfactants has been the topic of a number of pub-
lications Kondo and Tomizawa, 1968; Zaslavsky et
al.,, 1978; Azaz et al.,, 1981; Fukuda et al., 1987;
Miyajima et al., 1987; Tragner and Csordas, 1987;

cial polyoxyethylene surfactants are not isomerically
pure but consist of diverse collections of homolo-
gous surfactants. Thus, for TritBnX-100, Brij® 35,
and Brif2 78 we have used the average molecular
weights provided by the supplier. In the estimation
of the molecular weight of SolutBIHS15, we have
accounted for the fraction of free polyethylene glycol,
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which is up to 35% (w/w) according to the supplier, ter, Hoffman La Roche & Co. Typically, five to six dif-
and only considered the major components of the ferent concentrations were tested in triplicate for each
surfactant mixture. It should be noted that for this surfactant. Prior to testing, the surfactant concentra-
particular product the molecular weight is indeed a tion region was adjusted to give approximately 0-10%

rather coarse estimation, which may have poor phys-

ical relevance. Therefore, data of Sol%toHS15
should be seen as indicative only.

haemolysis.
Six control samples, corresponding to the basal
haemolysis, were prepared by adding 10®f nor-

For each haemolysis experiment, a volume of fresh mal saline to 40@l blood. The total amount of

blood not exceeding 10 ml was collected from adult

hemoglobin was determined after complete lysis of

Beagle dogs. The study was approved by the Ani- the red blood cells. A total of 400 blood was

mal Ethics Committee of Gothenburg (ethics approval
number, 120200).

2.2. Solubilization capacity

For the determination of the solubilization capac-

ity, each surfactant was dissolved in normal saline

(0.9% NaCl in water) in three to four different con-
centrations at or above the correspondimge. An
excess ofl*C-labeled felodipine was added to each

added to 360Q.! distilled water, and the mixture was
incubated for 30 min to allow for complete haemoly-
sis. The controls were then analyzed with respect to
hemoglobin.

The degree of haemolysis due to the surfactant ac-
tivity (%H) was calculated according to

Hb — Hbg

%H =
Hbyot

x 100%

surfactant solution and the samples were allowed to where Hb is the amount of released hemoglobin in

equilibrate for at least 48 h in room temperature. The

each sample, Hpthe amount released due to basal

samples were filtered to remove undissolved material haemolysis (negative control), and this the total

and the concentration of solubilized felodipine was
determined by means of scintillation detection. No ra-

amount of hemoglobin in the blood.
The haemolysis data presented in this report are

diochemical degradation could be observed during the shown in a similar fashion for all surfactants. The

experiments.
The solubilization capacity() was calculated as the
slope of the solubilization curve in the linear region

o ASfelodipine
AC surfactan{

whereSelodipine IS the concentration of solubilized fe-
lodipine andCgyfactantiS the surfactant concentration.

2.3. Haemolytic activity

The surfactants were dissolved and diluted in nor-
mal saline (0.9% NaCl in water). A total of 10
of surfactant solution was added to 4000f fresh
blood. Immediately after addition, the blood/surfactant
mixtures were gently agitated for 2-3s. The sam-
ples were further incubated by shaking for 10 min
in a water bath at 37C. After incubation, the intact

degree of haemolysis is plotted as a function of the
surfactant concentration in the mixture of blood and
surfactant solution. In a diagram constructed in this
way, the position of the haemolysis curve indicates
the haemolytic activity of the surfactant. When com-
paring a number of surfactants with regard to their
haemolytic activity, the order of activity is given by
the relative order of the haemolysis curves.

It should be noted that only haemolysis levels
below approximately 15% have been determined.
Hence, the erythrocytes are affected only to a minor
degree of the surfactants in this concentration region.
This fact implies that the erythrocytes are in excess of
the surfactants in the haemolysis experiments. Hence,
the natural variations in the number of erythrocytes
between blood samples will have only very small
effects on the haemolysis curves. For our purposes
it is not crucial to know the relative amounts of sur-

red blood cells were separated from the supernatantfactant to erythrocytes. If the details of the haemol-

by centrifugation for 6 min at 300& g and 5°C.

The supernatant was removed and analyzed with re-
spect to hemoglobin in a Cobas Bio spectrophotome-

ysis mechanism were to be fully investigated, the
relative amount of surfactant to erythrocytes would be
important.
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3. Results Table 1
Felodipine solubilization capacities)( of various surfactants

Although the solubilization capacity) of a sur- Surfactant « (mol/mol)
factant is strongly influenced by the substance that —
is solubilized, general conclusions regarding the sol- B ' 78 0.233

e . . Brij® 35 0.166
ubilizing properties of the surfactant may still be ¢ .0p nsis 0163
drawn from solubilization data of only one substance. Tyiton® x-100 0.107
Here we have used felodipine as a model compound C;,G; 0.0673
with poor aqueous solubility, 0.8 mg/l ory2M (von Mega-10 0.0318
Corswant et al., 1998to determine the solubilization LMD 0.0308

N o SMD 0.0289

capacitiesFig. 1 shows the solubilization curves of CaGy 00184
felodipine for all the sugar surfactants in this study. ¢y, 0.0175
In Fig. 2 are shown the corresponding curves for Mega-8 0.0153

the polyoxyethylene-based surfactants. Clearly, the

concentration of felodipine in the surfactant solu-

tions are several orders of magnitude higher than the Solutof’ HS15< Brij® 35 < Brij® 78

aqueous solubility. The’s are determined from the < Triton® X-100.

slope of the linear parts of each curve. The solubiliza-

tion capacities of all surfactants are summarized in  As described before, the molar concentration of

Table 1 Solutol HS15 cannot be defined exactly due to the
The haemolysis curves of the polyoxyethylene-basedcomplexity of the product. Hence, the position of

surfactants are shown Fig. 3. Clearly, the haemolytic ~ the haemolysis curve along the concentration axis

activity of the surfactants varies considerably. The may be shifted although the shape of the curve is

individual order of the haemolysis curves indicate correct. Despite this uncertainty it is quite clear that

that the haemolytic activity increases in the following this product is much less haemolytic than the other

order polyoxyethylene-based surfactants.
7
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Fig. 1. Solubilization of felodipine by sugar surfactants.
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Fig. 2. Solubilization of felodipine by polyoxyethylene-based surfactants.

The haemolysis curves of sugar surfactants with a different structures. Furthermore, the disaccharides,
dodecyl group, &G», SMD, and LMD, are shown in  maltose, sucrose, and lactose, are attached to the hy-
Fig. 4. For those surfactants the hydrophobic groups drocarbon chains by different bonds. In the case of
are identical, but the polar headgroups have slightly C;2G; the two moieties of the molecule are connected
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Fig. 3. Haemolysis curves of Trit6hX-100 (O), Brij® 78 (), Brij® 35 (A), and Solutd? HS15 ).
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Fig. 4. (A) Haemolysis curves of gG; (O), SMD (), and LMD (). (B) Comparison of the haemolysis curves ahGugar surfactants
and the corresponding polyoxyethyleng,Gurfactant Brif 35 (dashed line).
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Fig. 5. Haemolysis curves of Mega-1§), CgG1 ((J), CgG2 (A), and Mega-8 Q).
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by an acetal link, whereas the other two surfactants tapie 2

are esters. Reported values of the critical micelle concentrations in pure
Those small structural differences between the do- aqueous solutions of the investigated surfactants

decyl sugar surfactants had a substantial influence onsyactants ~ cmc (mm) References

the solubilization capacitiesF{g. 1). Similar struc-

tural effects could not be observed for the haemolytic

activity. Instead, the haemolysis curves of the three

surfactants almost coincidedri§. 4A). However, it

SMD 0.455 Herrington and Sahi (1986);
0.339 (25°C) Claesson and Kjellin (2002

0.427 (25°C) Drummond and Wells (1998)

should be noted that these surfactants are clearly moreCsG: 20 Kameyama and Takagi (1990);
haemolytic than the corresponding polyoxyethylene 25 (22°C) Clagsson and Kiellin (2002)
dodecyl ether, Brff 35 (Fig. 4B). CsG2 19.1 25°C)  Boyd et al. (2000)

Fig. 5 shows the haemolysis curves of Mega-10, c,,G, 0.15 Aoudia and Zana (1998);
Mega-8, GGy, and GGy. The hydrophobic groups of 0.185 (25C)  Claesson and Kjellin (2002)
these surfactants are composed of octyd)(Groups Mega-10 55 (25C)  Aveyard et al. (1998)
except for Mega-10, which is a decyl {§ chain _

factant. The figure clearly shows that both the “°9%8 74 (25€) Harada and Sahara (1994);
sur : . 9 y Kawaizumi et al. (1998)
hydrocarbon chain length and the structure of the po- _

Brij® 35 0.068 (22C) Patist et al. (2000)

lar headgroup influence the haemolytic activity. From
Fig. 5 it is evident that the @ surfactant is more  Brij® 78 0.0071 (22C) Patist et al. (2000)
haemolytic than the & surfactants. However, they  Triton® X-100 0.20 (22C)  Patist et al. (2000)
are less haemolytic than the £sugar surfactants in

Fig. 4
The haemolytic activity of the sugar surfactants in- ine reported here follow this general rule well. The
creases in the following order surfactant with the longest hydrocarbon chain, 18 car-

bons in Brif? 78, also has the highest capacity. In
Mega-8< CgGz < CgG1 < Mega-10 fact, this is the highest solubilization capacity ever ob-
< LMD, SMD, C1,Gy. served for felodipine. Similarly, the surfactants with
the lowest capacity are found among the octyl chain
surfactants, Mega-8, §G1, and GG,. The reasorx
4. Discussion increases with increasing hydrocarbon chain length is
that the micelles become larger with increasing length.
A prerequisite for surfactant solubilization of a sub- The nonpolar core of the micelles becomes larger and
stance is that micelles are present in the aqueous phasethe radius of curvature of the micelle surface increases,
From this it follows that the ability of a surfactant to  both favoring the dissolution of solutes in the interior
solubilize a sparingly soluble substance is not only of the micelles.
governed by the solubilization capacity but also the  There are only minor differences inbetween the
cme of the surfactant. This fact is well illustrated for sugar surfactants, with the exception of,Gy. Al-
the octyl chain surfactants ig. 1but it is true for all though the explanation for the higher capacity of this
surfactants. Clearly, there is a critical surfactant con- surfactant can only be tentative, the result suggests
centration for each surfactant below which the felodip- that the headgroup structure has significance for the
ine concentration is equal to the aqueous solubility of solubilization of felodipine. This conclusion also finds
the compound. Those critical concentrations are as ex-support in thex of Brij® 35, another dodecyl chain

pected close to themc's of the surfactants. Themc's surfactant, which is considerably higher than for other
of the surfactants in this study are givenTiable 2for surfactants with the same hydrocarbon chain length.
comparison. The headgroup structure probably influences the ge-

The structural factor that has the strongest impact ometry of the micelles rendering them a higher sol-
on the solubilization capacity] is the hydrocarbon  ubilizing capacity. It is also likely that this structural
chain length Yalkowsky, 1999. The«’s for felodip- effect contributes to the generally higher solubilizing
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capacities of polyoxyethylene-based surfactants com- again the reporte¢mc’'s are determined under dif-
pared to sugar surfactants. ferent experimental conditions than here. The effects
It should be noted that the localization of the sol- of elevated temperature and higher ionic strength are
ubilized drug in the micelles probably plays an im- not fully known for these surfactants. However, tem-
portant role for the effects of surfactant structure on perature effects are generally regarded as marginal
solubilization. For instance, it is most likely that the (Sulthana et al., 2000; Kjellin et al., 2001; Claesson
headgroup structure has a stronger influence on theand Kjellin, 2002. The presence of salt is likely to
solubilization capacity for a drug that is localized at lower thecmc’s of all sugar surfactantC{aesson and
the surface rather than in the interior of the micelles. Kjellin, 2002) but probably not more than 20-25%
However, the localization of the drug in the micelles (Zhang et al., 1996; Miyagishi et al., 200Consequ-
cannot be determined from the present data. ently, the short-chain, $Cy o, sugar surfactants cause
In order to assess the usefulness of a surfactant assubstantial haemolysis already in the pre-micellar
a solubilizer for pharmaceutical use one also needs to concentration region. For the dodecyl chain surfac-
consider unwanted effects, such as haemolysis. Thetants, micelles have just started to form in the aqueous
polyoxyethylene surfactants in this study are reason- phase when the haemolytic process commences.
ably good solubilizers, possibly with the exception of It is obvious from this study that the haemolytic ac-
Triton® X-100, since they have high solubilizing ca- tivity of nonionic surfactants increases with increasing
pacities and possess relatively low haemolytic activi- hydrocarbon chain length. It is likely that this trend
ties. It is illustrating to compare the concentration at continues also beyond;gchain lengths, although no
which the haemolysis commences for each surfactant general conclusion can be drawn from the limited data
with the respectivemc. From thecmc's in Table 2 presented here. It has also been reported that the tox-
and the haemolysis curves kig. 3it is obvious that icity of surfactants reaches a maximum a{>ECy4
the concentration of each polyoxyethylene surfactant chains Gchott, 1973; Ferguson and Prottey, 1976
needs to be higher or much higher than the correspond- To better understand the widely different haemolytic
ing cmc before the haemolysis becomes measurable. behaviour of sugar surfactants and polyoxyethylene-
The fact that the reportednc’'s were determined at  based surfactants we need to elaborate on the haemol-
both lower temperatures and ionic strength than for the ysis mechanism. It has previously been suggested
experiments performed here does not alter this con- that the haemolytic process is initiated by the ab-
clusion. Thecmc's of polyoxyethylene surfactants are  sorption of surfactant molecules onto the surfaces of
known to decrease at elevated temperatuésgson the red blood cells at low surfactant concentrations
et al., 1998rand increased salt concentratio@sale (Kondo and Tomizawa, 1968; Bonsall and Hunt, 1971,
et al., 1994, which strengthens this conclusion. The Zaslavsky et al., 1978; Miyajima et al., 198 more
practical implication of this observation is that these recent reports on the molecular interactions between
surfactants are able to solubilize substances without surfactants and lipid bilayersinpue et al., 1988;
necessarily causing any haemolysis. Edwards and Almgren, 1991; Edwards and Almgren,
The sugar surfactants in this study are not equally 1992; Wenk and Seelig, 1997; de la Maza et al.,
suitable as solubilizers in pharmaceutical applica- 1998; Lopez et al., 1998this step is viewed as a
tions as the polyoxyethylene surfactants. The sugar surfactant partition equilibrium between the aqueous
surfactants tend to be more haemolytic than their phase and the membrane. The partitioning of surfac-
polyoxyethylene-based counterparts, best illustrated tant molecules into the lipid bilayer causes a slight
in Fig. 4 by SMD, LMD, C;2G, and Brif® 35. This growth of the vesicle accompanied by a leakage of
fact, combined with rather poor solubilization capac- material from the vesicle interior. At higher surfac-
ities, limits the use of the present sugar surfactants astant concentrations the cell membranes disrupt, the
solubilizers. surfactant solubilizes the lipids of the membrane and
The comparison between thenc's and the haemol-  mixed micelles are formed. At this stage the leakage
ysis curves inFigs. 4 and Seveals that this type of  of entrapped substances is almost instantaneous.
surfactants causes substantial cell damage at concen- The surfactant concentrations in this study are not
trations close to or even below thetmc's. Once sufficient to completely solubilize the erythrocyte
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membrane lipids. Here only the initial phase of the teriorating effects on the lipid membranes since the
haemolytic process has been in focus. The effect on Sg-to-L ratio also becomes low. This might appear
the cell membrane is in this region highly dependent contradictory to the behaviour of the sugar surfactants.
on the distribution of the surfactant to the membrane. For a series of pure sugar surfactants with varying
Therefore, it is relevant to discuss the structural sur- chain lengths a decrease 8y, caused by the low-
factant effects in terms of the partition equilibrium ering of thecmc, is accompanied by an increase in
and its corresponding partition coefficieit)(defined haemolytic activity. The explanation to this effect is
as Schurtenberger et al., 1985 probably that the driving force for micellization, i.e.
Sg the low aqueous solubility of the hydrophobic moi-
SwL’ ety of the surfactantHvans and Wennerstrom, 1994

also gives rise to large partition coefficienk§ (Con-
where S is the concentration of surfactant incorpo-

sequently, increasing the chain length results in lower

rated into the bilayersSy the surfactant monomer Sy and largerK. Our results suggest that the effect
concentration in the aqueous phase, hrisl the lipid of increasing chain length oK is larger than that on
concentration. Sw. Support for this conclusion can be found in previ-

According to the suggested models, the leakage of ously published data on alkyl glucosidete(la Maza
hemoglobin from the erythrocytes increase with in- et al., 1998. Using those data it can be shown that
creasing surfactant concentration in the membranes,the productk x Sy increases with increasing hydro-
in this case being th&g-to-L ratio. Hence, surfac-  carbon chain length, i.e. the influence Kmominates
tants with a high affinity to the cell membrane, i.e. over that onSy.
surfactants with large partition coefficierts will be Using similar arguments one can speculate on the
more haemolytic. Following this line of reasoning it reason for the exceptionally low haemolytic activities
is tempting to conclude that the structure—property forthe polyoxyethylene-based surfactants. The surfac-
relation regarding haemolytic activity of surfactants tants used here are much less haemolytic than the sugar
is reflected in the partition coefficients. Only very surfactants, although thenc's are very low. This un-
few studies on the structural effects b exist to expected behaviour may be due to the fact that the
confirm this statement, but it has been shown for polyoxyethylene-based surfactants used here are not
alkyl glucosides thatk increases steeply with in- isomerically pure. Such mixtures are bound to form
creasing alkyl chain lengttdé la Maza et al., 1998 mixed micelles when dissolved in aqueous solutions. It
This is completely congruent with the results of the is well known that only minor amounts of surfactants
Cg-/C10-/C12-chain sugar surfactants reported here.  with low cmc’s strongly influence themc of the mix-

The sugar surfactant results also indicate that the ture and that the mixed micelles are enriched in those
structure of the hydrophilic headgroup influence the more hydrophobic surfactantdgnsson et al., 1998b
haemolytic activity. Although the study is limited to Hence, it is possible that, due to the presence of mi-
only monosaccharides and disaccharides, the activity nor amounts of hydrophobic components, the reported
appears to decrease with increasing size of the sugarcmc’s of the technical grade products are lower than
group. This observation is also in line with previ- the cmc of the pure stated major component of each
ous findings Reinhart and Bauer, 1995Another product. For example, thenc of Brij® 35 (68uM) is
structure-related difference in the haemolytic activity probably lower than themc of the stated major com-
is that between surfactants with a closed pyranoside ponent, polyoxyethylene (23) lauryl ether 1(E73).
rings (e.g. @G1) and a straight polyhydroxylated Furthermore, themc's of the pure surfactantsiGEs
chain (e.g. Mega-8). The surfactant with the more (65uM), C12Eg (68 M), C12E7 (69 M), and G Eg
flexible headgroup is less haemolytic. Further, more (71uM) (Jonsson et al., 1998adicate that themc
systematic, investigations are needed to fully establish of C12E23 is indeed somewhat higher than the reported
the influence of the headgroup structure and whether value for Brif® 35. Consequently, the partition coef-

this is reflected in the partition coefficient.
In the partition equilibrium view, a lowering of the
monomer concentratiorSyy) should reduce the de-

ficient of the major component of Bfij35 is proba-
bly smaller than the lovemc indicates. Furthermore,
Sy of this component is lower amc than would be
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expected for the pure surfactant. For technical grade Aveyard, R., Binks, B.P., Chen, J., Esquena, J., Fletcher, P.D.1.,
products the surfactant partition into the Iipid mem- Buscall, R., qui_es, S., 1998. Surface and colloid chemistry of
brane may, therefore, be weak due to the combination Z’%tg ms containing pure sugar surfactant. Langmuir 14, 4699
of both low Sy and lowK. Azaz, E., Segal, R., Milo-Goldzweig, I., 1981. Hemolysis caused
Although the monomer concentration in theory is by polyoxyethylene-derived surfactants. Evidence for peroxide
constant at concentrations above tine, it probably participation. Biochim. Biophys. Acta 646, 444—449.
|ncreases S“ghtly as the total Concentrat|on |ncreasesBonsa”, R.W.,, Hunt, S., 1971. Characteristics of interactions
At concentrations much higher than thenc, the bgtwe_en s_urfactants and the human erythrocyte membrane.
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