This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

| Physics and Chemistry of Liquids
Physics and Publication details, including instructions for authors and subscription information:
Chemistrv of Liguids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Interactions Between Cholesterol and 2-Methoxyethanol-the Effect of 2-
Methoxyethanol and Other Hydroxylic Compounds on Cholesterol-Proton
Acceptor Association

Pawel Goralski®
* Department of Physical Chemistry, University of Lodz, £6dZ, Pomorska, Poland

To cite this Article Goralski, Pawel(1996) 'Interactions Between Cholesterol and 2-Methoxyethanol-the Effect of 2-
Methoxyethanol and Other Hydroxylic Compounds on Cholesterol-Proton Acceptor Association’, Physics and
Chemistry of Liquids, 32: 1, 37 — 45

To link to this Article: DOI: 10.1080/00319109608030704
URL: http://dx.doi.org/10.1080/00319109608030704

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319109608030704
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:13 28 January 2011

Downl oaded At:

Phys. Chem. Lig., 1996, Vol. 32, pp.37-45 £ 1996 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands under
Photocopying permitted by license only license by Gordon and Breach Science Publishers SA

Printed in Malaysia

INTERACTIONS BETWEEN CHOLESTEROL
AND 2-METHOXYETHANOL - THE EFFECT
OF 2-METHOXYETHANOL AND OTHER
HYDROXYLIC COMPOUNDS ON
CHOLESTEROL - PROTON ACCEPTOR
ASSOCIATION

PAWEL GORALSKI

Department of Physical Chemistry, University of £6dZ, 91-416 £.0dz,
Pomorska 18, Poland

( Received 6 December 1995)

Using the ‘pure base’ calorimetric method, the association enthalpy (A H) of cholesterol and 2-metho-
xyethanol {MeOEtOH), triethylamine (TEA) or tri-1-butylamine (TBA) in the presence of MeOEtOH
(10% mol) has been determined. The addition of 2-methoxyethanol to the amine brings about the same
effect as the addition of other simple alcohols (methanol, butan-1-ol). The increase in the association
enthalpy of cholesterol and TBA in the presence of MeOEtOH can be caused by MeOEtOH hydroxyl
group involved in the formation of mixed associates. In the case of amine with a weak steric hindrance
(TEA), such an effect is not observed. The addition of 10 mol% of water or alcohols to N,N-dimethylfor-
mamide (DMF) makes no significant change in the cholesterol-DMF association enthalpy. This would
suggest that the hydroxyl groups of added R'OH fail to participate in the formation of cholesterol-DMF
associates. A slight increase in A H, taking place when water is added to DMF, can be attributed to an
increased solvation of the associates being formed.

KEY WORDS: Hydrogen bonds, enthalpies of solution, cholesterol, 2-methoxyethanol.

INTRODUCTION

Being one of the cell membrane components, cholesterol interacts with neighbouring
lipide molecules in two ways. Its polar hydroxyl group interacts with the polar
headgroups of the other molecules through hydrogen bonding, while its hydrocar-
bon skeleton and its hydrophobic ‘tail’ interact with non-polar fragments of neigh-
bouring lipide through van der Waals forces. This type of double interaction
occurring in membranes causes that other compounds with the same structure (a
polar headgroup + a hydrophobic part) e.g. some antibiotics, can be included into
the membrane structure. The role of both the mentioned interactions in the forma-
tion of phospholipide membranes has been discussed in many papers'  but the
direct quantitative determination of energetics of these interactions is still facing
numerous problems. It is particularly difficult to experimentally determine the
energy of van der Waals interaction. The determination of the energetics of specific
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interactions is considerably easier. However, the thermodynamic functions of hydro-
gen bond formation, e.g. with the participation of cholesterol, can be determined
only in isolated and considerably simpler systems that in actual membranes. The
experimental techniques (such as spectroscopy or calorimetry) suitable for precise
determination of the energetics of interaction require, in principle, the studied sys-
tem to show a feasibly definable stoichiometry of associating molecules. This is the
reason why previous papers*™® describing quantitatively the cholesterol interactions
concern only the formation of 1:1 associates (complexes) through hydrogen bonds
with simple, usually monofunctional proton acceptors. Both in calorimetry and in
spectroscopy, the type of solvent used for the experiment is of importance. The
solvent should provide a good solubility (calorimetry) and/or transmitance (spec-
troscopy). Therefore, energetic of interaction has been studied so far either in an
inert solvent (mainly CCl,) or a solvent directly interacting with cholesterol. Due to
a very low cholesterol solubility in water, the direct examination of hydrogen bonds
in this solvent is impossible. On the other hand, it is well known that water mol-
ecules actively participate'®”!? in the interactions taking place in the polar mem-
brane layer at the interface. The theoretical studies, carried out recently, on sterol
complexation by the polyene antibiotic (Amphotericin B) also point to the role of
water molecules in the formation of such complexes!. When the direct contact of
polar ‘heads’ of lipide molecule is difficult, hydrogen bonds are formed in the polar
layer of membrane through a possible intermediate water molecules.

Thermodynamic studies on water and alcohol influence on the formation of do-
nor-acceptor associates with the participation of cholesterol have been reported in
one of our earlier papers'*. The presence of hydroxylic compounds (R’OH) brings
about an increased energy of cholesterol-amine interactions, but only in the case of
sterically hindranced tri-1-butylamine. The present work continues these studies.
Beside water and simple alcohols used previously as R'OH, the scope of the present
study is widened with systems containing a bifunctional alcohol: 2-methoxyethanol
(MeOEtOH). It was also considered worthwhile and of interest to compare the effect
of R'OH on the formation of cholesterol associates with amines (nitrogen bases) and
with DMF (oxygen base).

EXPERIMENTAL

Cholesterol (Sigma, Standard for Chromatography) was dried for over ten hours at
a temperature of about 80°C over P,Os in vacuum. Cholesteryl methy! ether
(ChME) (Sigma) was dried before measurements under vacuum in room tempera-
ture over P,O.. Solvents (2-methoxyethanol, butan-1-ol, N,N-dimethylformamide)
were distilled and dried by means of molecular sieves 4A before use. The preparation
of calorimetric ampoules and non-aqueous solutions was carried out in a dry-box.
Calorimetric measurements were performed with a calorimeter, as described previ-
ously'>. The accuracy of heat measurements was about +0.8%. No concentration
dependence of the enthalpy of solution (A_,H) of cholesterol and ChME was
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found in the solvents under study. The values of A, H used in calculation are the
averages of about 10 direct measurements of the heat of solution within the con-
centration range from 5-10"* mol dm~? to 3:10"® mol dm 3. The enthalpy of
formation of hydrogen bond associates was determined by the ‘pure base’ method
of Arnett er al.'®. It consists of determining the enthalpy of solution of a proton-
donor (cholesterol) A ;H™ and its model (a compound in which the proton is
substituted by —CHj; group) A ,H™ in pure base and in a solvent chosen as an
inert reference. The enthalpy of formation of associates A H is calculated from the
relation:

_ (chol) __ (ChME) _ (chol) __ (ChME)
AfH - (AsolH AsolH )basc (ASO|H Ast)l}ﬁl )rcf.solvem

Carbon tetrachloride was used as the reference solvent and cholesteryl methyl ether
as the cholesterol model compound.

RESULTS AND DISCUSSION

Cholesterol-2-methoxyethanol Associates in 2-methoxyethanol

The 2-methoxyethanol as all alcohols shows proton donor (acidic) properties. Un-
like simple alcohols, MeOFEtOH molecule is additionally characterised by the pres-
ence of a basic centre in the form of methoxy group. Such a structure allows the
formation of intermolecular interactions with proton acceptors as well as proton
donors. Dilute solutions in inert solvents show only the presence of monomeric
MeOEtOH molecules in the form of 5-member rings with intramolecular hydrogen
bonds!”''®. In more concentrated solutions, cyclic dimers'®-2° and linear n-mers'’
have also been found. In such self-associates the hydroxyl proton of one molecule is
bonded to the methoxy oxygen in the next molecule. In pure MeOE{OH, monomers
with intramolecular H-bonds coexist probably with different forms of self-associates,
with the latter being predominant. The formation of self-associates and intramolecu-
lar H-bonds affects the formation of acceptor-donor complexes and their energetics.
The addition of a proton acceptor to MeOEtOH solution in an inert solvent de-
stroys?! its self-associates and brings about the formation of mixed hydrogen-bond
associates. On the other hand, the addition of a compound with strong proton-
donor properties (e.g. pentahalophenols) to a concentrated MeOEtOH solution,
does not disturb the structure of existing linear self-associates. According to Gin-
sburg?? the mixed associates are formed according to the following scheme:

Me Me
\ \
...0—(CH,),—0—H... 0—(CH,),—O0—H... (1)

RO—H RO—H
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The formation of such mixed associates may be caused by the simultaneous
decrease in the electron density of alkoxyl oxygen and its increase for hydroxyl
oxygen due to the cooperativity of H-bonds. In diluted CCl, solutions 1:1 H-bond
complexes®? are proposed in which the hydroxyl oxygen of MeOEtOH monomer is
a proton acceptor according to the following scheme:

[
R—O—H..0 O—CH, 2)
\ s
H

The authors of the cited paper have found no proofs of the existence of mixed
associates in which the part of proton acceptor would be played by the atoms of
alkoxyl oxygen despite its higher basicity.

The ‘pure base’ method used in this study made it possible to determine the
cholesterol- MeOEtOH association enthalpy (A H) in pure MeOEtOH. The results
are given in Table 1 and compared with analogous data for several other com-
pounds examined previously® 23, All the A, H data concern the cholesterol com-
plexes formed in pure solvent “B”. Table 1 includes also the values of proton affinity
(PA) which constitutes one of the parameter describing the basicity. As follows from
the given data, the basicity of methoxy oxygen in MeOEtOH (PA = 194.3) is lower
than that of simple ethers, but is higher than that of hydroxyl oxygen in this
compound (PA = 186.7) or in simple alcohols (e.g. for n-BuOH, PA = 190.2 and for
EtOH, PA = 190.3). Comparing the energetics of cholesterol-MeOEtOH association
(A;H = —16.6 kJ/mol) with that of cholesterol-ethers (A H = —12 kJ/mol), one
should point to the fact that despite weaker basic properties the formation of
MeOEtOH associates is accompanied by a considerably higher A H value. En-
thalpy of cholesterol association with MeOEtOH is of the same order of magnitude
as that for the association with considerably more basic DMF (A H =
—16.5 kJ/mol). On the other hand, the association of cholesterol with butan-1-ol
(weak basic properties) is accompanied by a high change in enthalpy (A/H=
—19.8 kJ/mol). The lack of any correlation between A H values and basicity for the

Table 1 Enthalpies of H-bond association (A  H) of cholesterol
with various solvents and their proton affinities**23(PA).

Solvent A HikJ mol™! PA/kcal mol™!
THF —11.3 198.5
di-n-butylether —119 204.0
MeOEtOHY ~16.6 194.3 (methoxy)

186.7 (hydroxy)
n-BuOH —19.8 190.2 (hydroxy)
DMF —16.5 2114

“the values of solution enthalpy of cholesterol and cholesteryl
methyl ether, required to calculate of A H by the ‘pure base
method’ are given in Table 2. The remaining data are from
refs®23,

In all the cases, the reference solvent is carbon tetrachloride.
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discussed series of compounds is due, in our opinion, to different structures of
associates formed with cholesterol. In simple ethers or disubstituted amides, the
associates are mainly 1:1 complexes with an H-bond between cholesterol hydroxyl
group and the free electron pair of oxygen. The A H values of such complexes
correlate® with the basicity expressed by the Donor Number for the series of oxygen
proton acceptors. The structure of cholesterol associates with alcohol (in a pure
alcohol) is different. The high A H value in the cholesterol — butan-lol system can
be interpreted'* as an effect of the incorporation of cholesterol hydroxyl group into
existing linear chain of alcohol associate:

Bu Chol Bu

/ / / 3)
-.H—0O---H—0---H—0O---

In the case of 2-methoxyethanol under study, the structure of cholesterol associates
is certainly still different. The higher A H value (—16.6 kJ/mol) than that for choles-
terol complexes with stronger basic ethers (A H = —12 kJ/mol) suggests that the
cholesterol - MeOEtOH associates are not the 1:1 complexes formed by oxygen of
methoxy group. The formation of associates (3) also seems to be doubtful against the
reported stability of MeOEtOH self-associate chains (e.g. in presence of pen-
tahalophenols??). It follows from our results that in the cholesterol -
methoxyethanol system, structures (1) and (2) can be formed, similar to those?? in
the system: substituted phenol-2-methoxyethanol - CCl,.

The Effect of 2-methoxyethanol on the Cholesterol—Aliphatic Amine Association

The performed measurements of enthalpy of solution of cholesterol and cholesteryl
methyl ether in TEA and TBA mixtures with 2-methoxyethanol {10% mol) allowed
the determination of A H of cholesterol-amine associates in the presence of
MeOEtOH. The results of the measurements and calculated A H are given in Table 2,
and compared with analogous data for amine mixtures with methanol and butan-1-
ol. It follows from the results that the addition of 2-methoxyethanol to amines
brings about almost the same effect as that caused by the addition of butan-1-ol.
The A H values obtained in the presence of MeOEtOH and n-BuOH are the same:
~23.1 kJ/mol for TEA and —19.4 kJ/mol for TBA. This suggest that the mechan-
ism of cholestero! association with amines in the presence of both alcohols (n-BuOH
and MeOEtOH) is similar. The effect of alcohol addition on the energetics of
cholesterol-amine association is considerably stronger for TBA than for TEA. The
addition of 10% mol. of alcohol to TBA can facilitate the interactions with choles-
terol through the formation of the following structure:

R’ Chol

/ / (4)
Bu,N...H—O..H—O
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Table2 Enthalpies of solution of cholesterol (A, H"), cholesteryl methyl ether
(A H™®) and enthalpies of association (A H) of cholesterol in TEA, TBA, BuOH
MeOEtOH and in the amine — alcohol (10% mol) mixtures.

Solvent AHY T mol™' AL HY)Ykd mol™' A H/kJ mol™!
TEA 84+0.2 233+04 —226
TEA-MeOH (10%) 96402 25.6 +0.3 —-237
TEA-BuOH (10%) 9.1+02 24.5+0.2 —23.1
TEA-MeOEtOH (10%) 97402 251403 —23.1
TBA 140+0.2 222+04 —159
TBA-MeOH (10%) 125+0.2 253 +04 —20.5
TBA-BuOH (10%) 11,6 £ 0.2 233+04 —194
TBA-MeOEtOH (10%) 11.3+02 23.0+04 —194
BuOH 1394+0.1 260+ 04 —19.8
MeOEtOH 256+ 0.5 34.5+0.5 —16.6
CCl, 31.2+0.3 23.5+0.5 -

Which has been previously reported!* for such systems. This is certainly due to the
higher steric hindrance of TBA which impedes direct H-bonds with cholesterol. The
participation of 2-methoxyethanol in the cholesterol interaction with TBA is par-
ticularly well noticeable when the A H values for TBA-MeOEtOH (10% mol) mix-
tures are compared with those for pure TBA and pure MeOEtOH. The enthalpy of
cholesterol association in TBA-MeOEtOH (10% mol) system is considerably higher
(—19.4 kJ/mol) than those in pure TBA (—15.9 kJ/mol) and in pure MeOEtOH
(—16.6 kJ/mol). The increase of A H value by about 3 kJ/mol due to the presence of
MeOEtOH is certainly connected with the formation of cholesterol — TBA associ-
ates involving the hydroxyl group of MeOFtOH according to structure (4).

Assuming that the pure amine and the amine containing 10% mol of R'OH are
different solvents, one can calculate the transfer enthalpy of cholesterol — amine
associate (A, H*®) from pure amine to the two-component system. The calculation
of A, H“? is possible owing to the use of the following cycle:

A HS
A(Sl) + B(Sx) —L AB(S,)

lAtrH{A) lAtrH(B) lAtrH(AB)
(S;)

AS)  + By AL Amgsy

where: A is cholesterol, B is amine, S, is pure amine as solvent and S, is amine-
R'OH (10% mol) mixed solvent. The transfer enthalpy of the cholesterol-amine
associates is calculated from the equation:

AH = A H® L A H® — A HOY 4 A HS? (5)
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and would correspond to the enthalpy change for the following process:

R’ chol
\ \ v /N 6
—N...HO—chol+ - N.,. H—-O-R'=—-N..H-0O..H-0O+ — N
/ / / /

The calculated A, H*® value would show the extend of energetic advantage of the
formation of cholesterol-amine associate with the participation of hydroxyl group of
R’OH over that without this participation. The values of transfer enthalpy of choles-
terol (A) and amine (B) as well as A, _H “Pof associate (AB) calculated from Eqn. (5)
are given in Table 3. The obtained results show that, in the case of tri-1-butylamine,
the changes in enthalpy resulting from reaction (6) are exothermic and amout to
about — 6 kJ/mol regardless of the alcohol used. Probably due to steric hindrance, a
‘free’ molecule of TBA is a worse proton acceptor than the oxygen electron pair in
TBA-R'OH complex. In the case of triethylamine the calculated values of A, HA®
constitute low positive values. This would suggest that the cholesterol-TEA associ-
ates show the character of direct hydrogen bonds also in the presence of added
alcohols. The oxygen free electron pairs in TEA-R'OH associate constitutes no
competition for the strongly basic free electron pair of TEA, and reaction (6) does
not take place.

The Effect of Compounds Containing Hydroxyl Groups ( Water, Alcohols)
on the Cholesterol— DMF Associates

This part of the present study was aimed at the examination whether the addition of
hydroxylic compounds affects the association enthalpy of cholesterol with a typical
oxygen proton acceptor such as DMF. The good miscibility of DMF with water
made it also possible to perform the measurements in the system: DMF-H,O (10%
mol). The experimental A_,H data for cholesterol and cholesteryl methyl ether as
well as calculated A H values of the cholesterol - DMF associates in pure DMF and
in DMF-R’'OH (10% mol) mixtures are given in Table 4.

As can be seen, 10% mol of hydroxylic compounds added to DMF does not affect
the A H value considerably. The differences in A H values are +1.6 kJ/mol. Low

Table 3 Enthalpies of transfer of cholesterol (A ,H®™), amine (A, H®) and associates
(A, H*P) from pure amine to amine R'OH mixtures.

Solvent AHYY RS mol™t A H®/kI mol™ ! A, HA®kJ mol ™!
TEA-MeOH (10%) 1.2 —-0.02 0.1
TEA-BuOH (10%) 0.7 —0.04 02
TEA-MeOEtOH (10%) 1.3 —0.01 0.8
TBA-MeOH (10%) —1.5 0.03 —6.1
TBA-BuOH (10%) —24 0.06 —58
TBA-MecOEtOH (10%) —-27 0.02 —6.2

*The transfer enthalpy of pure components (A) and (B) is the difference between their
enthalpies if solutions in solvents S; and S,.
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Table4 Enthalpies of solution of cholesterol (A H), cholesteryl methyl ether
(A H™®) and formation enthalpy (A H) of cholesterol - DMF associates in pure DMF
and DMF-R'OH mixtures. Enthalpies of transfer of cholesterol (A, H™), DMF (A, H'*®) and
(A, H"®) from pure DMF to DMF-R’OH mixtures.

Solvent Ay H*Y kT mol™" Ay HMB kg mol™' A H/kJ mol™!
DMF 275+ 06 363+03 —16.5
DMF-H,0(10%) 28.1+0.3 38505 —18.1
DMF-MeOH (10%) 27.8+04 350+ 04 —14.9
DMF-BuOH (10%) 26.5+0.5 337404 —14.9
DMF-MeOEtOH (10%) 277402 363+03 —16.3
Solvent A HA mol ™! A HB KT mol ™! A HABk] mol™!
DMF-H,0 (10%) 0.6 0.02 -10
DMF-MeOH (10%) 0.3 —-0.01 1.9
DMF-BuOH (10%) -1.0 0.02 0.6
DMF-MeOEtOH (10%) 0.2 —0.02 04

positive A, H*® values of the cholesterol-DMF associates in alcohol containing
systems suggest that the hydroxyl group of alcohol does not participate in the
formation of cholesterol-DMF associates. The addition of water brings about a
weak increase in the absolute values of A H and an exothermic value of the complex
transfer enthalpy A, H*® from pure DMF to the DMF-H,O mixture. A similar
slight increase in A H and A, H“ (by about —2.5 kJ/mol) due to added water has
been observed previously'* for the systems: di-1-butylamine (DBA)-water (10% mol)
and TEA-water (3% mol). It can be assumed that this low exothermic effect is
brought about rather by the stronger solvation of cholesterol-DMF complexes (or
cholesterol-DBA, cholesterol-TEA) in the water-organic system due to the high
polarity of water.

The steric hindrance impeding direct intermolecular interactions of cholesterol
seems to be an indispensable factor for the participation of R"OH compounds in
association of cholesterol with proton acceptors. The type or ROH compound
which provides hydroxyl groups (water, alcohol or alkoxyalcohol) has no effect on
the observed phenomenon. Of the system examined so far, the increase in energy of
cholesterol interactions caused by the participation of hydroxyl group of R'OH in
associates was observed only in the case of tri-1-butylamine.
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