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SUMMARY,

Hepatic microsomal preparations from male and female rats were delipidated by
column chromatography following cholate solubilisation. The enzyme activity was
assayed using lignocaine as the substrate for the mixed function oxidase. The N-
deethylation of lignocaine catalysed by delipidated microsomal proteins from male and
female rat liver is greater when reconstituted in microsomal lipid than in
dilauroylphosphatidylcholine (DLPC). The 3-hydroxylation of lignocaine is unaffected
by this treatment. The above effect is mimicked by incorporation of
dilauroylethanolamine (DLPE) into the DLPC vesicles with male- but not the female-
derived enzymes. Microsomal lipids derived from the male were more effective than
female-derived lipids in reconsﬁtuting enzyme activities with both male- and female-
derived enzymes. There is, thus, a sex- and pathway dependent effect of the lipids: the
male-specific N-deethylase pathway is more affected by lipid composition and then more
so in the male-derived enzyme. It is possible, therefore, that some of the sex differences
in drug metabolism mayiﬁelatcd to changes in lipid composition. In addition, the sex-
dependence of the metabolism of lignocaine was maintained in the reconstituted system,
indicating that this is a suitable system for investigating the role of lipids in maintaining
sex-specific drug metabolism. We have extended this work with the isolation of the
isozyme of cytochrome P-450 responsible for the N-deethylation of lignocaine. The
male-specific cytochrome P-450 isozyme, lignocaine N-deethylase, was purified to
electrophoretic homogeneity from liver microsomes of untreated male rats with high
retention of bioactivity. The purified N-deethylase was an efficient catalyst of the 160—
hydroxylation of androst-4 ene3,17-dione (specific activity of 10 nmole product/min/
nmole cytochrome P-450). The isozyme, together with purified NADPH-cytochrome P-
450 reductase, was reconstituted using known lipids and the drug-metabolising activity
assayed using lignocaine as substrate. The results showed that the purified isozyme only

N-deethylated lignocaine and led to the following conclusion, (I) Mixed
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dilauroylphosphatidylcholine (DLPC)/dilauroylphosphatidylethanolamine (DLPE)
vesicles gave a higher N-deethylase activity than DLPC vesicles. (II) The N-deethylation
of lignocaine catalysed by a purified male-specific cytochrome P-450 from rat liver is
greater when reconstituted in microsomal lipid than in DLPC. (III) Microsomal lipids
derived from male were more effective than female-derived lipids in reconstituting
enzyme activities. These data indicated that it is a direct interaction of the lipid with the
enzyme (s) or an alteration of the protein-protein interactions caused by the lipid which
leads to the change in enzyme activity and that it is the isozyme responsible for the N-
deethylation that is particularly affected in this way. In order to assess which portion of
the microsomal lipid causes these changes, the microsomal lipid has been fractionated
into phospholipid and neutral lipid. Using delipidation and subsequent relipidation of
microsomal lipid preparation, we have confirmed that the phospholipid is the most
effective portion for the maintenance of the drug metabolism and the sex differences in
drug metabolism. It is clear that the male-derived phospholipid was more efficient than
the female-derived phospholipid when incorporated into both male- and female-derived
delipidated microsomes. The mixture of phospholipid and neutral lipid fractions was
very effective, indeed it restored the N-deethylase activity to the level of the
microsomes. Experiments were carried out using the male-specific isozyme responsible
for the N-deethylation of lignocaine and again it was shown that the phospholipid
fraction was the most effective fraction when reconstituted with this isozyme, but it was
less effective than the whole microsomal lipid. It is only when the combination of
phospholipid and neutral lipid was used that the control activity was achieved. Again the
male derived phospholipid was more effective than the female-derived phospholipid. We
analysed the phospholipid composition and our analysis shows sex differences in
microsomal phospholipid composition and in fatty acid acyl chain of the microsomal
phospholipid. Also the analysis of the phospholipid from the diabetic animals showed

that the streptozotocin treatment does alter the phospholipid composition and the ratio of
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acyl chains found. All these changes might be associated with differences in enzyme
acfivity. We have extended this work using delipidated solubilised microsomes,
prepared from male Wistar rats, incorporated into vesicles prepared from various PCs
(phosphatidylcholine) containing fatty acids of differing chain length and degree of
unsaturation. All of the PCs were found to restore the N-deethylase activity of the
cytochrome P-450 but to differing extents. Phosphatidylcholines having longer acyl
chains were more efficient and the unsaturated PC (18:1) reconstituted the enzyme
activity better than did the saturated PC of the same chain length (18:0). Diarachidoyl
(20:4) PC gave the highest enzyme activity. It seems therefore that the longer the chain
length and the more unsaturated the acyl side chain is, the better it is at reconstituting
lignocaine N-deethylase activity. Lignocaine N-deethylase activity is, thus, activated
preferentially by long chain, unsaturated fatty acyl side chains on the phospholipid. This
would seem to correlate well with the higher content of linoleate (18:2) and arachidonate
(20:4) and the lower content of stearate (18:0) in the male-derived lipid fraction, which
also activates the N-deethylase activity. Our results indicated clearly that the arachidonic
acid is the most likely candidate for further investigation to ascertain its role in

maintaining the drug metabolising activity.
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1.1. HISTORICAL BACKGROUND.

The studies of Brodie et al. (1955) revealed the existence of an enzymatic system
in the endoplasmic reticulum of the liver capable of converting drugs into more polar
products by the use of the cofactor, NADPH, and it was established that the reaction can
only proceed in the presence of molecular oxygen. Garfinkel (1958) and Klingenberg
(1958) detected a CO-binding pigment in liver microsomes of pigs and rats respectively,
which was shown to be reducible by either NADPH or dithionite. Omura and Sato
(1964a,b) revealed the haemoprotein nature of the CO-binding pigment and its
identification as a b-type cytochrome with a typical Soret band of the CO-complex at
450nm which made the authors designate it cytochrome P-450. The first step in the
reaction cycle was determined as formation of an enzyme-substrate complex, the spectral
characteristics of which depend on the substrate used (Narasimhulu et al., 1965; Remmer
et al., 1966; Schenkman et al., 1967). Substrates, which are supposed to bind to a polar
amino acid residue at the active site and are hydroxylated, induced a blue shift of the Soret
band with absorption bands at 385-390 nm as maximum and 425-435 nm as minimum in
the difference spectrum (type I). The other compounds which are assumed to be bound
directly to the heme iron induce a red shift thus leading to an absorption maximum at 425-
435 nm and a minimum at 390-410 in a difference spectrum which is denoted as a type II
spectrum (Schenkman et al., 1967). Estabrook et al. (1963) demonstrated that cytochrome
P-450 in the bovine adrenal mitochondrial system is indeed the terminal oxidase of the
monooxygenase system. Somewhat later, in 1969, this result was confirmed for the
enzyme system in the endoplasmic reticulum of mammalian liver by Diehl et al. (1969). It
was simultaneously shown by Katagiri et al. (1968), Lu et al. (1969b) and Gunsalus and
Sligar (1978) that the monooxygenase system is composed of a certain number of
essential components. All of these systems work as electron transferring chains

transporting the electrons from the cofactor, nicotinamide adenine dinucleotide phosphate



(NADPH), via an FAD/FMN-containing flavoprotein as electron transmitter to

cytochrome P-450 as the terminal oxidase acting as electron acceptor.
1.2. THE STRUCTURE OF THE ENDOPLASMIC RETICULUM.

Most eukariotic cells are traversed by a membrane and tubular network which
represent a basophilic component of the cytoplasm known as chromophilic substance or
ergastoplasm. From its localisation and form it was called endoplasmic reticulum by
Porter (1953). In 1954, Palade and Porter showed that it consisted of rough and smooth
membranes. The particles attached to the rough membranes were named as ribosomes
by Roberts (1958) (about 60% of the endoplasmic reticulum has been shown to be
composed of ribonucleic acid) (Porter, 1953). That part of the endoplasmic reticulum
which is involved in protein biosynthesis and occupied by ribosomes appears as rough
membranes but in the peripheral part of the cell the ribosomes disapi)ear and the
endoplasmic reticulum morphologically appears as smooth membranes (Ruckpaul and
Bernhardt, 1984). After homogenisation and differential centrifugation of cells a special
fraction consisting of small particles, which were called microsomes because of their
small size, was formed. Palade and Siekevitz (1956), by means of electron microscopy,
showed that this microsomal fraction originates from endoplasmic reticulum. Because of
the transversal rupture of the endoplasmic reticulum, microsomes have the same
inside/outside orientation. Therefore they can be regarded as the biochemical equivalent
of the endoplasmic reticulum and it seems reasonable to assume that the microsomes
reflect functionally physiological conditions (DePierre and Dallner 1975; Dallner and
Emester 1968). The main constituents of the endoplasmic reticulum of hepatocytes -
protein and lipids- are contained in 1g wet weight of liver in an amount of 40-50 mg
protein and about 15mg phospholipid, meaning that the membrane of the endoplasmic
reticulum consists of 60-70% protein and 30-40% phospholipid by weight. Based on a
molecular weight of 800 for a typical phospholipid and 50,000 as the average molecular



weight of a microsomal protein, DePierre and Ernster (1977) roughly calculated that
there are approximately 27-42 phospholipid molecules per protein molecule in the
endoplasmic reticulum. Besides the monooxygenase system with cytochrome P-450 as a

terminal oxidase the endoplasmic reticulum contains another electron transport system

with cytochrome bs and an NADH-dependent reductase which apparently is involved in

some hydroxylating reactions. Shimakata et al. (1971) have shown cytochrome by to be

the intermediate electron carrier in the microsomal NADH-dependent stearyl-Co-A

desaturase system.

1.3. THE FUNCTION OF THE MIXED FUNCTION OXIDASE SYSTEM.

In 1968 Lu and Coon showed that the hepatic monooxygenase in the membrane
of the endoplasmic reticulum is composed of three essential components:cytochrome P-
450, NADPH-cytochrome P-450 reductase and a heat-stable lipid factor, later
discovered to be phosphatidylcholine (Strobel et al., 1970), which can be reconstituted
to an enzymatically active enzyme system. Due to the membrane-bound state and the
presence of many other proteins in the endoplasmic reticulum, the purification of the
monooxygenase system was rather difficult to achieve. The monooxygenase system can
biotransform a variety of substrates, both endogenous and exogenous (Figure 1.1.).
Due to the broad reaction specificity, many lipophilic drugs and xenobiotics are

hydroxylated to more polar products making them more readily excreted than stored.



FIGURE 1.1.

The mixed function oxidase system found in microsomes (endoplasmic
reticulum) performs many different functionalisation reactions (summarized in figure
1.1.). An expamle of each reaction is given below.

1. AROMATIC HYROXYLATION

CH CH
3 CaHs 3 CaHs

NH-CO-CHa-N NH-CO-CHzN
CHs o CaHs

CHs CHa
OH

The 3-hydroxylation of lignocaine

2. ALIPHATICHYDROXYLATION

H
" | o
CoHs N CoHs
0 . o,<
CH-(CHa)»-CH
N OH-(CH)2-CHs \ CH-CHz-CH-CHy
H O

CHs I o CHg OH

The side-chain hydroxylation of pentobarbital.

3. EPOXIDATION

5y

The formation of benzo(a)pyrene-4,5-epoxide




FIGURE 1.1. (continued).
4. N-DEALKYLATION

CHa "
| o | o
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e S - X o
“ =N c =N
The N-demethylation of diazepam
5. O-DEALKYLATION
Q 0
I i
NH-C-CHj3 NH-C-CHs
O — 0 e
CoH50 HO )
acetophenetidin p-hydroxyacetanilid

The O-de-ethylation of acetophenetidin
6. S-DEALKYLATION
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"\)NI"? tN/ N>

The S-demethylation of S-methylthiopurine.

7. OXIDATIVE DEAMINATION

QCHZ CH-NHy ———— CHg-C-CHa + NH;
CHa

The oxidative deamination of amphetamine.



FIGURE 1.1. (continued).
8. N-OXIDATION

The N-oxidation of 3-methylpyridine.

O—C0

(CHala (Cha

9. S-OXIDATION

1
N(CHa) N(CHa)2

The S-oxidation of chlorpromazine.

10. PHOSPHOTHIONATE OXIDATION

I0(32"15 ?Csz
OzNOO-P=S _ OQNO—O-?=O
OCoHs OC2Hs

The oxidation of parathion
11. DEHALOGENATION
A
CF;-C-Br CF;-CH, OH CF,-COOH
Cl

The oxidative dehalogenation of halothane.



1.4. COMPONENTS OF THE MIXED FUNCTION OXIDASE
SYSTEM.

1.4.1. Cytochrome P-450.

Cytochrome P-450 refers to a class of protoporphyrin IX-containing
haemoproteins which show an unusual absorbing peak at 450nm when carbon
monoxide is bbund. to the reduced form. Originally characterized by Omura and Sato
(1964a,b), the enzyme was subsequently shown by Cooper et al. (1965) to participate in
mixed function oxidation reactions. It does not appear to conform to the cytochrome bs-
type structural model. Rather, it is more intimately associated with the microsomal
membrane, and no hydrophilic domain is released upon proteolysis. Proteolysis (as well
as other harsh treatments i.e. a wide variety of detergents eg sodium deoxycholate and
lysolecithin) can result in a conversion of cytochrome P-450 to a nonfunctional form
termed cytochrome P-420. In a critical analysis of the manner in which these treatments
convert cytochrome P-450 to cytochrome P-420, Imai and Sato (1967) concluded that
the ultimate effect was to disrupt the association between haemoprotein and microsomal
lipid. Using the combined approaches of proteolytic destruction of the native heme
absorbance and derivitization with diazobenzene sulfonate, DePierre and Ernster (1980)
have demonstrated that, like the other microsomal components, cytochrome P-450 is at
least partially exposed to the cytoplasmic side of the membrane. At least twenty different
forms of the cytochrome have been purified from detergent solubilization of microsomal
membranes, and most, if not all, appear to be separate gene products (Waxman 1988).
Apparent molecular weights (by SDS-PAGE) are in the 50,000-to 55,000-dalton range.
The haemoprotein is present in very high concentrations in the microsomal membrane,
and upon induction with phenobarbital, can comprise up to 15 to 20% of the microsomal
protein. In its isolated form the protein self-associates to an aggregate of 500,000
daltons or more, and the size of the aggregate can be decreased by phospholibid

(Guengerich and Holladay, 1979).



1.4.1.1. Multiplicity of Cytochrome P-450.

The existence of more than one liver microsomal drug-metabolising enzyme in
different animal species was first postulated more than 28 years ago. An early study of
Conney et al. (1959) suggested, not only that the drug metabolising enzymes of various
species differ but that the liver of a single species contains several enzyme forms that
catalyse the same reaction. Conney et al. (1959) found that the administration of
benzo(a)pyrene to rats markedly increased the microsomal metabolism of substrates such
as benzo(a)pyrene, acetanilide, zoxazolamine and 3-methyl-4-monomethylamino-benzene
yet decreased the metabolism of meperidine and benadryl and had no effect on the
metabolism of chlorpromazine. Since these initial observations, studies on the nature of the
- drug metabolising‘ enzyme system have concentrated on the liver microsomal
haemoprotein, cytochrome P-450. In 1965 Cooper et al., demonstrated that cytochrome P-
450 is the terminal oxidase of the liver microsomal drug-metabolising enzyme system. Imai
and Sato (1974) and Van der Hoeven et al. (1974) independently reported the successful
purification and characterisation of hepatic microsomal P-450 from PB-treated rabbits to a
gel-electrophoretically homogeneous state. Since then the data accumulated over the past
years from studies with microsomes as well as purified cytochrome P-450 isozymes and
the purification of cytochrome P-450's from a variety of induced and non-induced species
supports the concept of multiple forms of cytochrome P-450. The use of different inducers
to manipulate the biochemical and biophysical properties of the microsomal hydroxylation
system has played a major role in establishing the existence of multiple forms of
cytochrome P-450 i.e. liver microsomes prepared from phenobarbital (PB)-treated rats
were shown to differ with respect to substrate specificity and the absorption maxima of
their reduced difference spectra from liver microsomes prepared from 3-
methylcholanthrene (3MC)-treated rats (Alvares et al., 1967;Sladek and Mannering, 1966;
1969a; Mannering, 1971; Thomas et al.,1976). Also immunological properties can be

studied by the use of antibodies prepared against various purified cytochrome P-450



preparations which generally show high specificity and thus provide another means for
distinguishing multiple forms of cytochrome P-450 i.e. antibodies produced against rat

cytochrome P-450a, P-450b, P-450c (Haugen et al., 1977; Botelho et al., 1979) or B

fractions of PB- and 3-MC-treated rats (Guengerich 1978) were highly specific.

The ultimate proof of different primary structures for different species of
cytochrome P-450 will be a comparison of the total amino acid sequence of each isozyme.
Partial sequences of rat P-450a, rat P-450b and rat P-450c forms are available (Haugen et
al., 1977; Botelho et al., 1979) and the sequence of the first 19 amino acids on the N-
terminal end of the three forms are quite different. All forms contain a high percentage of
hydrophobic amino acids, the N- and C-terminal respectively are, methionine and
methionine for P-450a, glutamic acid and serine for P-450b, and isoleucine and leucine
for rat P-450c (Botelho et al., 1979; Haugen et al., 1977). Waxman and Walsh (1982),
however, demonstrated that the P-450 PB-4 and P-450 PB-5 have identical primary
structures for their first 31 and probably 34 amino acid residues. Most of these results,
therefore provide further support for the multiplicity of cytochromes P-450 and suggest
that most of the cytochromes P-450 are separate gene products rather than posttranslational

modifications of a common precursor.

Over the last 2 decades workers in the field have used a variety of different
nomenclatures for an increasing number of forms of P-450 isolated in their laboratories.
This plethora of names has become more and more confusing. To rectify this problem a
nomenclature for P-450 gene superfamily is proposed (Nebert et al., 1987) based on
evolution. Recommendations include Roman numerals for distinct gene families, capital
letters for subfamilies, and Arabic numerals for individual genes. An updating of this list,
which presently includes 65 entries, will be required every 1-2 years. As segment of
orthologous gene is presently uncertain in some cases-between widely diverged and
especially in the P-450 II family due to large number of genes. For more details see Nebert
et al., (1987).

10



1.4.1.2. Regioselectivity and Stereoselectivity of Steroid Hormone
Hydroxylation.

Many of the cytochromes P-450 metabolise the commonly studied compounds
(i.e. 7-ethoxycoumarin, ethylmorphine, benzo(a)pyrene) with similar efficiencies and
overlapping site specificities, making it difficult to upiquely characterise individual P-
450 forms solely using these compounds as a substrate (Waxman 1988). In contrast,
steroid hormones are frequently oxygenated by cytochrome P-450 enzymes with a high
degree of specificity. Steroid hormones have proven most useful as substrates for
distinguishing these multiple cytochrome P-450 forms (Sheets and Estabrook 1985)
owing to the unique and characteristic metabolite profiles obtained (figure 1.2.) i.e.
experiments carried out using electrophoretically homogeneous rat hepatic cytochrome
P-450 form 2c (Waxman 1984) established that this enzyme can hydroxylate 4-
androstene-3,17-dione from the alpha face on either the B-ring (yielding 700—OH-
androstenedione) or the D-ring (yielding 16a0OH—androstenedione (for review see

Waxman 1988)).

11



FIGURE 1.2.

Phase one Hepatic Microsomal Metabolism of 4-Androstene-3,17-Dione.

Isozyme
6p-hydroxylase
7o~hydroxylase
160~hydroxylase

Product
6B—hydroxy (androstenedione)
7o~hydroxy (androstenedione)
160~hydroxy (androstenedione)
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female = male
female < male

6 B-Ohase

7o—Ohase 160-Ohase

s N\ N,
loo¥oolity




1.4.2. ‘NADPH-Cytochrome C (P-450) Reductase.

This flavoprotein was initially isolated and characterized by proteolytic treatment
of microsomes. Williams and Kamin (1962) isolated and Kamin et al. (1966)
characterized a 71000-dalton form which contained two flavins per molecule. The
flavins were subsequently identified as flavin adenine dinucleotide (FAD) and flavin
mononucleotide (FMN), (Iyanagi and Mason, 1973). In the native protein, the two
flavins perform separate catalytic functions, (Vermillion et al., 1981); the flavin adenine
dinucleotide (FAD) interacts with and accepts electrons from NADPH and donates them
internally to the flavin mononucleotide (FMN). The latter then transfers electrons to the
native electron acceptor, cytochrome P-450. The proteolytic form of the enzyme is
monomeric and soluble in aqueous solutions, (Williams and Kamin, 1962; Kamin et al.,
1966). This form is no longer capable of binding to microsomes, and does not function
in the reduction of cytochrome P-450. The functional reductase was subsequently
purified following detergent extraction of the microsomal membrane, (Dignam and
Strobel, 1977; Vermillion and Coon, 1974). This form of the reductase had a molecular
weight of 77, 000 with about 50 additional amino acids. With these additional residues,
the isolated reductase aggregated to form a hexamer and could bind to both microsomes
and artificial phospholipid membranes, (Gum and Strobel, 1979). The purified,
functional form of the reductase required added phospholipid to support reduction of
cytochrome P-450 and the associated oxidative reactions, (Miwa and Cho, 1976).
Typsinization of the holoprotein allowed isolation of both the hydrophilic domain and a
small hydrophobic peptide with a molecular weight of about 6000, (Black and Coon,
1982; Gum and Strobel, 1981). The sequence of the hydrophobic portion has been
determined, (Black and Coon, 1982) and contains a long region of hydrophobic

residues which promote interaction with the hydrophobic membrane. This peptide
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sequence has also been proposed to function specifically in the interaction of the

reductase with cytochrome P-450, (Black et al., 1979).
1.4.3. Microsomal Lipid.

Microsomal membranes are composed of a mixture of neutral lipid and
phospholipid, with a large proportion of unsaturated fatty acyl residues, and cholesterol,
(Dallner and Ernster, 1968). The observations by Kornberg and McConnell (1971)
suggested that the membranes are fluid, allowing rapid lateral diffusion in the plane of
the membrane, and that the membrane proteins are often inserted into and through the
lipid bilayer, resulting in the Singer and Nicholson (1972) "fluid mosaic model" (figure
1.3.). Within this model, the functional role of lipids is related to their ability to self-
assemble into bilayer structures on hydration, thus providing a permeability barrier as
well as a matrix with which functional membrane proteins can be associated. Lipids in
bilayers may undergo a temperature-dependent phase separation which produces patches

of membrane with differing composition (Quinn, 1981).
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FIGURE 1.3.
A refined ‘mosaic model of a biological membrane.
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Taken from Phospholipids and Cellular Regulation.
Volume I, ed. Kuo, I. F. (1985)
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1.5. Examination of lipid in detail
1.5.1. Membrane Asymmetry.

Lipid phase transitions and lateral motions could occur in one or both layers of
the bilayer. The composition of the two membrane bilayers appears to be very different
but there is some movement of lipids between the outer and the inner layers of the
membrane, usually referred to as "flip-flop". This transbilayer exchange has been
reported to be as much as four times greater in biological membranes (Rothman and
Kennedy, 1977) than in artificial bilayers (Roseman et al., 1975). Studies with
phospholipase C have indicated that two-thirds of the phosphatidylethanolamine of rat
liver endoplasmic reticulum is located in the inner leaflet of the membrane bilayer
(Hutson and Higgins, 1982). They also suggest that phosphatidylethanolamine is
synthesised at the cytoplasmic leaflet of the endoplasmic reticulum and subsequently
transferred across the membrane to the cisternal leaflet of the bilayer. Valtersson et al.
(1986) suggested that the phosphatidylethanolamine in microsomes is distributed in a
non random fashion, and they demonstrated the existence of two pools of
phosphatidylethanolamine. The two pools showed differences in fatty acid composition
as well as in their sites of attachment. Phosphatidylcholine synthesised by the choline
phosphotransferase pathway is preferentially located in the outer leaflet of the
microsomal membrane (Higgins, 1979). In contrast, during synthesis of
phosphatidylcholine by methylation of phosphatidylethanolamine, the first methylation
step apparently occurs at the inner surface of the membrane and translocation of partly
methylated intermediates across the membrane bilayer takes place so that

phosphatidylcholine exists on both sides of the membrane (Higgins, 1981).
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1.5.2. Membrane Fluidity.

Although several enzymes have specific phospholipid requirements for
biological activity, it has been considered more likely that the role of membrane lipids is
to provide an environment of proper viscosity and surface ionic milieu for optimal
enzyme function (Thompson, 1973). The fluid mosaic model (figure 1.3.) of membrane
structure (Singer and Nicholson, 1972) has provided a valuable model for protein-lipid
interactions within the membrane. Studies of movement within membranes have
suggested that phospholipids diffuse in the membrane at rates of approximately 108 to
107 cm?/sec, (Stier and Sackman, 1973). It is well known that the artificial bilayers
made of pure lipids of the same type found in membranes will undergo a transition from
a relatively fluid state (generally termed the liquid crystalline phase) to a more rigid state
(the gel phase) when the temperature is lowered to a characteristic point (Cullis et al.,
1985). The membrane may also undergo transition from a bilayer form into a hexagonal

phase (Thompson, 1973).
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1.5.3. Model Membranes.

Due to the heterogeneous composition and the complexity of biomembranes for
biochemical and biophysical studies, model membranes are often used which contain
only one or a few essential components. The aim of such studies on model membranes
is to find general principles according to which membranes are organized and thus to
draw conclusions on biological membranes. The basis for such studies is the capability
of phospholipids to arrange themselves as multiwalled rather than as single-walled
vesicles. Many properties (e.g. permeability for ions and water, response to Ca2*,
incorporation of proteins) of bilayers resemble those of biomembranes. For biochemical
and biophysical studies two types of bilayers can be used (I) multibilayer dispersions,
which are formed spontaneously whenever phospholipids are dispersed in an aqueous
medium, (II) homogeneous, small single-walled bilayer as vesicles which are readily
obtained under appropriate conditions such as sonication. The formation of either
multilayer or bilayer dispersions not only depends on the external physical conditions

but also on the nature of the acyl residues.

Dispersion of lipids in water.

The simplest model system is obtained by depositing the lipid of interest as a
film by evaporating from chloroform. The lipid is subsequently hydrated by mechanical
agitation in the presence of aqueous buffer. Lipids that adopted the hexagonal Hy; phase
are usually much more difficult to disperse in water and form fine particulate
suspensions. Water/Lipid dispersions are us;aful for studies on the structural preferences

of lipids.
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Small unilamellar vesicles;
These systems provide a more representative model system than the hexagonal
Hy; which do not exhibit a well-defined permeability barrier between external and
internal environments. These vesicles can include reconstituted proteins if an
understanding of lipid-protein interactions or the influence of a given lipid on protein
function is required.These vesicles can be achieved by sonication (Huang, 1969).
Large unilamellar vesicles:
Large unilamellar vesicles can be achieved by detergent solubilisation followed
_by dialysis or gel filtration to remove the detergent, thus it produces vesicles which

range in size from 50 to 200 nm diameter (Cullis et al., 1985; Schmitz, 1986).

1.5.4. Properties of individual lipid species.

Phosphatidylcholine;

At temperatures below the gel to liquid crystal transition temperature all species
of PC adopt a lamellar gel phase where the acyl chains assume an all-trans
configuration. Above the transition temperature the configurition is also lamellar but

liquid crystalline where the acyl chains are disordered (Cullis et al., 1985).

Sphingomyelin:

Sphingbmyclin adopts only the lamellar organisation over a wide range of

temperatures and hydration (Cullis et al.,1985).

Phosphatidylethanolamine:
Phosphatidylethanolamine (PE) spontaneously adopts the hexagonal Hy; phase

structure in the presence of excess aqueous buffer at physiological temperatures.

However unsaturated PE undergoes a transition between the lamellar and the hexagonal

Hy; phases with increasing temperature which, depending on the hydration, ionic

strength and acyl chain unsaturation, can adopt both lamellar and hexagonal Hy;

configurations (Cullis et al., 1985).
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Mixtures _of phosphatidylcholine and phosphatidylethanolamine:

Phosphatidylcholine can stabilise the unsaturated PE into a lamellar configuration
in a manner which is sensitive to the acyl chain unsaturation of the lipid, the temperature

and the ratio of PC to PE (Cullis et al., 1985).

1.5.5. Influence of Cholesterol on Membrane Structure

Changes in the cholesterol content of the native membrane can cause alterations
in its physico-chemical properties (e.g. fluidity, permeability, cell fusion properties)
(Inoue, 1974; Block et al., 1977). The normal content of cholesterol in the liver and
hepatic microsomes varies considerably (Bernhardt and Ruckpaul, 1981). Besides
phospholipid-induced modification of the function of the monooxygenase system, there
is an increasing amount of evidence that the incorporation of cholesterol also affects the
drug metabolising enzyme activity (Bernhardt and Ruckpaul, 1981; Skett and Cuthill,
1986). It has been shown that cholesterol may induce incorporation of proteins into
vesicles (Scotto and Zakim 1986, Scotto et al., 1987).The codeine N-demethylation is
inhibited in guinea pigs fed for 72 day on cholesterol rich diet but when the rats are fed

on the same diet for 137 day the codeine N-demethylation increases Tsia et al., (1977).
On the other hand, the activity of NADPH cytochrome P-450 reductase in rats was not
altered by the cholesterol rich diet (Lang et al.,, 1976) which indicates that either
cytochrome P-450 or the interaction between the cytochrome P-450 and the reductase

are influenced by the cholesterol.
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1.6. LIPID INVOLVEMENT IN MICROSOMAL HYDROXYLATION.

In 1969 Lu and coworkers (Lu et al., 1969b) reported that one of the three
components of their resolved and reconstituted fatty acid hydroxylation system was a
_heat stable factor. The same fraction was later found to also be required for the maximal
hydroxylation of steroids, carcinogens and many drugs (Lu et al., 1969a; Lu et al.,
1970; Lu et al.,, 1971; Lu et al., 1972). This factor was subsequently found to be
phospholipid and phosphatidylcholine was found to be the most effective in
reconstituting the enzyme system (Strobel et al., 1970). The result of phospholipase C
treatment also indicated the essential role of the phospholipid in microsomal oxidation
(Chaplin and Mannering, 1970; Eling and Di Augustine, 1971). This treatment removed
approximately 70% of the total phospholipids, which led to a decrease in the metabolism
of type I compounds and essentially eliminated the binding of type I compounds to
cytochrome P-450. However the role of the phospholipids in drug hydroxylation was
questioned by Cater et al. (1972) who found that the metabolism of type I compounds,
inhibited by the deoxycholate which was still present in the reconstituted system of Lu
and Coon (1968), could be overcome by the addition of phosphatidylcholine. Since the
reconstituted system of Lu et al. (1969) still contained deoxycholate, it has been
suggested that the role of lipid could be that of relieving the inhibition caused by the
detergent. As for the phospholipase C treatment, Cater et al. (1972) found that the
decrease in the aminopyrine demethylation after the phospholipase C treatment could not
be restored completely by the addition of phosphatidylcholine. They suggested that fatty
acids released by an endogenous acylhydrolase were responsible for the decrease in
aniline hydroxylation, since fatty acids are also substrates for the cytochrome P-450
system, and because defatted serum albumin prevented this inhibition. Based on these
studies they conclud