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Abstract

Cytochrome P450 (CYP) enzymes catalyze the metabadif both foreign and endogenous
substances such as drugs and steroids. Enzymebfemsly CYP3A sum up to 30% of the
total CYP content in the liver and metabolize ab®@fo of all drugs. There is a large inter-
individual variability in expression and activity leepatic CYP3A, mainly due to ethnic, age-
and gender-related factors. The CYP3A activitynduiced by certain drugs, such as the anti-
epileptic drug carbamazepine (CBZ).

Plasma midazolam clearance and tBen@droxycortisolto cortisol ratio in urine have been
proposed as clinical markers of CYP3A activity. Thetability of these markers has been
discussed as they are difficult to use in for exiamghildren and pregnant women due to

technical and ethical issues.

The plasma level of the endogenous oxysteehvidroxycholesterol (4b-OHC) has shown to
be a marker of CYP3A activity. In the present pcoe have studied whether 4b-OHC can
be used as a marker of drug induced CYP3A activitgediatric patients after initiation of
treatment with CBZ (Paper 2) and in mothers anchats at time of birth (Paper 3). In order
to increase sample throughput the sample preparatethod was optimized (Paper 1). The
similar oxysterol 4-hydroxycholesterol, 4a-OHC, not formed by CYP3MAsnetermined in
parallel (Papers 2-3).

When the sample preparation method was optimizedafalysis of 4b-OHC the sample
throughput increased about three times by scalowndthe sample volume and using solid
phase extraction instead of liquid-liquid extrantfollowed by rotary evaporation. The linear
correlation between the two methods was y=1.0x+2.% 0.99 (y=new method, n=90).

The plasma level of 4b-OHC was successfully use@ asarker of drug induced CYP3A
activity in the study of CBZ treatment in childresith epilepsy. The CBZ treatment resulted in
increased plasma levels of 4b-OHC until at lease8ks of treatment. According to the steady
plasma levels of CBZ and CBZ-epoxide there wasmptete induction of CYP3A within 1-2
weeks and the continued increase of 4b-OHC levwelgirculation may be due to slow
equilibriums between different compartments.

4b-OHC proved useful also in the study on CYP3Avdgtin mothers and neonates. Mothers
had higher 4b-OHC to cholesterol ratio at delivasycompared to non-pregnant women,



indicating increased CYP3A activity during pregmnangliso the plasma levels of cholesterol
and 4b-OHC were higher in the mothers than in tted of non-pregnant women. Neonates
had lower levels of plasma 4b-OHC and cholesterdlirth as compared to the levels in a
cohort of 125 healthy adults. However, the 4b-OHCcholesterol ratios were similar,

indicating similar total CYP3A enzyme activity ironates as in adults.

In conclusion, 4b-OHC is a non-invasive marker &R3A enzyme activity that is easy to
use in neonates, children and vulnerable patiemtigy where probe drugs are difficult or
unethical to administer or urine collections ariiclilt to perform. The blood sample can be

taken any time of the day irrespective of food ketavhich is beneficial in a clinical setting.



List of publications

1. Diczfalusy U, Nylén H, Elander P, Bertilsson I3-Mydroxycholesterol, an
endogenous marker of CYP3A4/5 activity in humars] Clin Pharmacol. 71, 183-
189 (2011).

2. Wide K, Larsson H, Bertilsson L, Diczfalusy U. Tireurse of the increase if-4
hydroxycholesterol concentration during carbamazeepieatment of paediatric
patients with epilepsyBr J Clin Pharmacol. 65, 708-715 (2008)

3. Nylén H, Sergel, S, Forsberg, L, Lindemalm, S, iB=on, L, Wide, K, Diczfalusy, U.
Cytochrome P450 3A activity in mothers and themmades as determined by plasma
4B-hydroxycholesterolEur J Clin Pharmacol. doi: 10.1007/s00228-010-0984-1
(2011).



Abbreviations

ABCG1
BHT
CAR
CBZ
CBZ-E
CH25H
CS

CSF
CYP
CYP2C19
CYP3A4
CYP7Al1
CYP27A1
CYP46A1
DHEA
GC

HDL

LC

LXR

MS
4a-OHC
4b-OHC
7a-OHC
7b-OHC
24-OHC
27-OHC
PXR

Sl

SIM
TBDMS
TMS
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caesarean section
cerebrospinal fluid
cytochrome P450
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tert-butyldimethylsilylether
trimethylsilylether



Contents

11 oTe [¥]ox 1o o SRR 7
Cytochrome P450 and CYP3A ... 7
Cholesterol as a substrate for CYP3A..... .o e 11
(01471 (=] 0 ] S 12
4B3-hydroxycholesterol as a marker of CYP3A enzyme/éigt...........cccccevvvvvnnnnnn. 14
Analysis of &1- and $-hydroxycholesterol............ ..o, 16

AIMS OF the STUAY ..o e 17

Materials and MEethOAS ............uueiii s e e e e e e e e e e e e eeeneeeeeeenees 18
P DT L. i e eae 18
P AT 2. e e eae 19
=T 0] S ST UUPPTPPRRUUPPPPTTN 19

RESUItS @Nd AISCUSSION......uuuuiiiiee e e e e e ceeeeeeee e e e e e e e e e e e e e aeeeeeeaeeeees 21
= 01 O PP UPPRTRPPPN 21
=T 0] TP UUUPPTPPRRUUPPPPPTN 24
=T 0] S S TP UUPPPTPPRUPPPPTTN 28

GENEIAl SUMIMAIY ...ttt s s e e e e e e e e e e e e e eeeeeesesbennnneesseesnnnnns 33

VLU LT o T=T £ 0= o (Y 34

ACKNOWIEAGEMENTS ...t e e e e e e e e e e e e e eeeeeeeeeeeees 35

R (0= (o =TT 36






| ntroduction

The liver is a vital organ with multiple functiorsuch as synthesis and breakdown of
hormones, carbohydrates, proteins and lipids, dkagestorage of vitamins and minerals.
Production of bile, detoxification and drug metadol also takes place in the liver. During
drug metabolism lipophilic substances are conveilitdd more readily excreted polar
products. Drug metabolism is divided into two stepfase | (oxidation, reduction and
hydrolysis) and Phase Il (conjugation) handled &yous enzymes, such as cytochrome P450
enzymes (CYP) and glucoronosyltransferases. Thezgmees are abundant in the smooth
endoplasmic reticulum or mitochondria in liver selThe pharmacological action of a drug is
determined by the speed of the Phase | and Il ioges;t which is subject to individual
variation due to genetic, environmental and physjimlal factors.

Drug metabolism takes place in other organs amstédis as well, such as the gastrointestinal
tract, lungs, kidneys and skin. In fact, all biatzd tissue has the ability to metabolize drugs

to some extent.

Cytochrome P450 and CYP3A

Humans have around 60 different cytochrome P450P)Cahzymes with a wide array of
substrates and functions. The CYP enzymes are if@dssnto different families and
subfamilies based on the amino acid sequence sityilén general, the enzyme families
CYP1, CYP2 and subfamily CYP3A are important in $#ghametabolism of drugs, but these
enzymes are able to metabolize several endogemnistasces such as steroids and bile acids
as well. Enzymes patrticipating in drug metabolisemeyally have wide substrate specificity
and are predominately localized to the liver antkestine, which serve as the main
detoxification site and the main barrier againsjested substances, respectively. Since
increased hydrophilicity targets a compound for retton the CYP-mediated Phase |
hydroxylation and the subsequent Phase Il conjogaterve as a key defense against foreign
and potentially harmful substances. A few CYP ermzylamilies are mainly specialized in
biosynthesis of steroid hormones and bile acidshewe narrower substrate specificity, e.g.
CYP7, CYP11 and CYP21.

Nearly all prescribed drugs are oxidized by theyares in subfamilies CYP3A (50% [1]),
CYP2C or CYP2D (20 and 25%, respectively [2]), makithese enzymes the quantitatively

most important in drug metabolism.



There are four CYP3A enzymes: CYP3A4, CYP3A5, CYP3md CYP3A43. These are
similar and have overlapping, but not similar, stdis specificities. CYP3A enzymes have a
large active site that can accommodate severattatally different molecules, possibly

simultaneously and the substrate specificity is thery broad.

CYP3A4 is the most abundant CYP3A enzyme and isdbminating enzyme in drug
metabolism. It is predominantly expressed in ligad intestine, but is present also in other

organs and tissues

CYP3A5 has an 84% amino acid sequence similarity @YP3A4 and is also predominantly
expressed in liver and intestine. CYP3A5 is subjaxta marked genetic variation
(polymorphism) and its expression is abundant mesindividuals and virtually non-existent

in others.

CYP3A7 has an 88% amino acid sequence similarith WYP3A4. CYP3A7 is the most
abundant CYP3A enzyme in human fetal and neoniata &nd placenta [3-5]. A transition
from expression of CYP3A7 to expression of CYP3A&4ras to take place during the first
years of life [5-6]. However, there are reports substantial contribution to total CYP3A
activity from CYP3A7 also in adults [7-9].

CYP3A43 has a 76% amino acid sequence similarith \dYP3A4 [10]. CYP3A43 is
expressed at very low levels in the liver and itmesand has therefore been regarded to be
less important in drug clearance. However, the &sgion of CYP3A43 has shown to be high
in the brain and a recent report suggests thatnpmighism of this enzyme can explain
differences in olanzapine clearance in the braifj. [@lanzapine is an anti-psychotic drug that

has a high rate of inefficacy and/or adverse effect

Certain genetic variants of CYP3A4, CYP3A5 and CXR3 have been associated with the

risk of prostate and breast cancer [12-13].

The activity of CYP3A4 is increased during pregnafiet-16], possibly due to one or several
of the physiological changes that occur, e.g. reduntestinal movement, altered gastric pH,
increased plasma volume, increased hormone level®mrfetal enzyme activity [14]. The

general advice during pregnancy is to avoid driags,certain conditions call for continuous



medication, e. g. epilepsy and HIV. The anti-egdilegrugs carbamazepine (CBZ), phenytoin
and phenobarbital are all known to induce CYP3Ae Bame is true for the anti-retroviral
agent efavirenz. However, anti-retroviral therapghwitonavir-boosted atazanavir inhibits
CYP3A.

Pregnancy has an effect also on other CYP enzyhiesactivities of CYP2D6 and CYP2C9
are increased during pregnancy [14, 16-18], whieedctivity of CYP1A2 and CYP2C19 are
decreased [16, 19-20].

Many drugs that are given to children and neonatesnot licensed for pediatric use or are
given by off-label prescription. Ethical aspects kmait difficult to define pediatric
pharmacokinetics in clinical trials. Children arebnates are often prescribed weight adjusted
dosing of drugs based on the pharmacokinetics uttadbut precaution must be taken since
the physiology of neonates is different comparedh® physiology of adults and older
children. As examples, neonates have higher ggsttjdower gastrointestinal motility, lower
serum proteins levels and larger extra cellularewablume than older children and adults,
which may have an effect on the bioavailabilitytieé drug [21-22]. For some drugs a lower
than the weight adjusted dose is necessary in oodavoid toxic effects. For others, such as
the anti-epileptic drug valproate a higher dosentttee weight adjusted dose is needed in

order to reach therapeutic concentrations [23].

Polymorphism is the occurrence of multiple variasftany given gene. Generally, at least 1%
of a certain population must carry a certain genediriant in order for it to be regarded as a
true variant; otherwise it is referred to as a Engutation. The polymorphic trait of
CYP2D6, CYP2C19 and CYP2C9 variants are well chareed. The enzyme function may
be described as poor, intermediate, extensive ta-tdpid. Prior to medication it is
recommendable to determine the patients’ genotypeder to avoid adverse drug reactions.

CYP3A5 has shown to be the most polymorphic ofGNé&3A enzymes. We have found that
74% of Tanzanians, 13% of Swedes and 33% of Koreapeess functional CYP3A5 [24-
25]. CYP3AS5 is expressed when there is at least OM®3A5*1 allele. In these cases
CYP3AS5 is estimated to comprise 50% of the totalP@X content in liver [26]. The

CYP3A5 contribution to drug metabolism is thus véenportant for some individuals. The

most common reasons for the loss of CYP3A5 actiarty single nucleotide polymorphisms



(SNPs) yielding prematurely truncated and thus fumational enzymes, as are the cases with
the variants CYP3A5*3 and CYPAS*6 [26]. There aoen® reports on mutations @YP3A4,

but these mutations can not explain the variabihitgxpression and activity of the enzyme
[13].

There is large inter-individual variability in exgssion ¥50-fold) and activity ¥20-fold) of
hepatic CYP3A, mainly due to ethnic and genderteeldactors [1, 24, 27]. This together
with physiological and environmental factors causede inter-individual differences in
metabolism and response to drugs. Life style factord diet also have a role in the drug
response, e.g. St John’s Worth induce and grapgfirae inhibits CYP3A enzyme activity.
The wide inter-individual variability in expressiaf CYP3A4 may be a result of a very
complex upstream regulatory region ©YP3A4, carrying multiple possible nuclear receptor
binding sites for the pregnane X receptor (PXRg, ¢bnstitutive androstane receptor (CAR),
the Vitamin D receptor (VDR) and the glucocorticaielceptor [28-30]. These receptors
control both the basal and inducible expressio@YP3A and ensure sensitivity to a number
of structurally diverse substrates [30]. It mayslethat not only the expression of CYP3A but
also the induction of CYP3A shows large inter-indual variations and the possibility that
polymorphisms irPXR are involved have been discussed [31].

A number of clinical markers to assess the actigitfC’ YP3A enzymes have been proposed.
The results are diverging, however, possibly dugh differences between the studied
enzymes both concerning substrate specificity andyct formation.

In vitro incubations with dehydroepiandrosteroneHE®) and recombinant CYP3A4
produced the two major productB-Aiydroxy-DHEA and 16-hydroxy-DHEA at a ratio 2:1.
The same incubation with recombinant CYP3A7 produalenost exclusively 16-hydroxy-
DHEA [5]. CYP3A7 has been shown to catalyze the-h§droxylation of DHEA and
DHEA-sulfate also in vivo [8-9]. B-hydroxylation of testosterone is almost exclusively
catalyzed by CYP3A4 and not by CYP3A5 or CYP3AY im vitro incubations with

recombinant enzymes [32]. If the same is true @msdvo remains to be investigated.
The pharmaceutical industry is interested in stogthe effect of candidate drugs on the

CYP3A activity. Plasma midazolam clearance, erytiyon breath test and thep-6

hydroxycortisol to cortisol ratio in urine are gesléy used as markers of CYP3A activity.
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In plasma midazolam clearance the 1-hydroxymidamola midazolam ratio is measured
repeatedly in plasma after oral or intravenous adstration of the drug. Midazolam is a
benzodiazepine, and is used in treatment of acaeirures and as a sedative. In the
erythromycin breath test radio-labeled N-methylHemymycin is given intravenously and the
amount of exhaled radio-labeled carbon dioxide isasnred. The [Bhydroxycortisol to
cortisol ratio in urine is an endogenous market,the diurnal variation of cortisol calls for at
least 4h and preferably 24h collections of urine.

Accordingly, none of these markers can be recomexridr use in children, neonates, the
elderly, certain groups of vulnerable patients ocggpant women due to technical and/or

ethical issues.

Cholesterol as a substrate for CYP3A

Cholesterol is of vital importance for the body asdound in all mammalian cells where it
has several roles. It serves as a structural eleiméine cell membranes and lipid bilayers and
is a precursor for many biologically active produstich as steroid hormones and bile acids.
The homeostasis of cholesterol is strictly regda#s excess cholesterol in cells may be
harmful and lead to atherosclerosis and cardiovasdisease.

Excess cholesterol may be stored as free cholésteaholesterol esters in the cells or may
be transported as such from the cells to the Ibyereverse cholesterol transport (RCT),
which is central in whole body cholesterol balar©ace in the liver the cholesterol can be
enzymatically processed into oxysterols and bilkelsaor be excreted as such. Cytochrome
P450 enzymes are not only drug clearing enzymes,ptay an important role in the
maintenance of the whole body cholesterol balansetheey oxygenate cholesterol to
oxysterols and metabolize a number of other endogeisubstances such as other steroids,
fatty acids and vitamins. Generally, CYP enzymefamilies 1-3 handle the metabolism of
both drugs and endogenous substances, while CY{neszin families 4 and on mostly

handle the metabolism of endogenous substances.
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Figure 1: Formation of 4a-OHC and 4b-OHC from chtdeol.

CYP3A4 and CYP3A5 have been shown to stereo-seddgtmetabolize cholesterol to the
oxysterol $-hydroxycholesterol (4b-OHC) in vivo (Figure 1) [23B3-34]. CYP3A7 catalyses
the in vitro conversion of cholesterol to 4b-OHQf bt a lower rate than CYP3A4 [35]. The
in vivo 4B3-hydroxylaseactivity of CYP3A7 is not known, neither is thevitro nor in vivo
4B3-hydroxylase activity of CYP3A43. The mechanismfaimation of the stereocisomen4
hydroxycholesterol (4a-OHC) is still unknown, batmay be formed by auto-oxidation
(Figure 1).

Oxysterols

Oxysterols are oxygenated derivatives of cholektehach are formed either enzymatically or
by auto-oxidation. 4b-OHC is abundant in humanuation in the nanomolar range and is
primarily formed enzymatically by CYP3A [36]. Oth@nzymatically formed oxysterols
abundant in the human circulation are 27-hydroxiesterol (27-OHC) and 24-
hydroxycholesterol (24-OHC) [37], both present @ hanomolar range. The formation of
27-OHC is catalyzed by CYP27A1, which is a mitoathda enzyme present abundantly in
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the liver where it takes part in the bile acid sysis. CYP27A1 is expressed in most tissues
in the body.

The enzyme CYP46Al is exclusively expressed in owmalr cells in the brain where it
catalyses the formation of 24-OHC. 24-OHC can crtves blood brain barrier and its
formation contributes to the cholesterol homeostasthe brain.

The plasma level of 24-OHC as well as the level2OHC and 27-OHC in cerebrospinal
fluid (CSF) have been proposed as markers of negertkerative disease and blood brain
barrier dysfunction in diseases such as Alzheiméisease, Huntington’s disease and
multiple sclerosis (MS) (reviewed in [38]).

25-Hydroxycholesterol (25-OHC) is another side-nhaxidized oxysterol. This oxysterol is
formed enzymatically by cholesterol-25-hydroxyld€#125H), which is not a CYP enzyme
but a dioxygenase. 25-OHC has been reported to hapessible role in inflammatory
response [39].

Yet another oxysterol formed enzymatically from lelsterol is 7a-OHC, by the enzyme
CYP7ALl. The formation of 7a-OHC is the first anderdimiting step in the bile acid
synthesis. 7a-OHC can also be formed by auto-amidatalong with 7b-OHC and 7-
ketocholesterol. The carbon at position 7 in thelesterol molecule is highly susceptible to
auto-oxidation. The carbon at position 4 is alsscsptible to auto-oxidation, but to a much
lesser extent [40].

4a-OHC may have auto-oxidative origin and the fdroma of this stereoisomer is not
catalyzed by CYP3A [40], but possibly by other|l sthknown, enzyme(s). The enzymatic
formation of a few oxysterols as well as the nunmgeof the cholesterol molecule is shown
in Figure 2.

The biological roles of oxysterols include beingenrmediates in the bile acid synthesis and
mediators in the cholesterol transport. Some oxgistehave been proposed as specific
ligands for liver X receptors (LXRs), which indutenscription of genes regulating the

cholesterol efflux, absorption, transport and etiore
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Figure 2: CYP enzymatic formation of oxysterolsnfraholesterol.

43-hydroxycholesterol as a marker of CYP3A enzyme activity

The plasma level of 4b-OHC has been shown to laeelto the induction and inhibition of
the CYP3A enzyme activity. The plasma levels of GHC are markedly increased by
treatment of patients with any of the anti-epilegtrugs CBZ, phenytoin and phenobarbital,
all strong inducers of CYP3A [33]. The same is tree rifampicin, a drug used in
tuberculosis therapy. Rifampicin treatment withethrdifferent doses resulted in dose
dependent increases of 4b-OHC levels [41]. Aftembeation of rifampicin treatment the
plasma level of 4b-OHC decreased again [42]. WeakP3A inducers, such as
ursodeoxycholic acid which is used in treatmengalfstone disease, increased 4b-OHC only
moderately [33].

Moreover, there is a lowering effect on the plaseval of 4b-OHC by anti-retroviral therapy
with the CYP3AA4/5 inhibitor ritonavir-boosted atazair [43].

The plasma level of 4b-OHC and the 4b-OHC to chetes ratio have been shown to be
correlated to the number functional CYP3AS5 allel@YP3A5*1) in four populations
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(Swedes, Tanzanians, Koreans and Ethiopians) [24,The mean basal level of 4b-OHC
differs between these populations (Table 1) aminbteworthy that the Tanzanian population
had the lowest basal level of 4b-OHC while highagesgree of functional CYP3AS5. This is

possibly due to lifestyle or unknown genetic fastf4].

Both 4b-OHC and cholesterol have half-lives of savelays [42, 44] which makes the
plasma level of 4b-OHC stable over time. This igfukin a clinical setting as the blood
sample can be taken at any time of the day anspiective of food intake. The long half-life
of 4b-OHC is useful in situations where long tinfewcges are studied, e. g. how long term
treatment with an inducer affects the enzyme dgtiduring the course of weeks or months
rather than days. The plasma level of 4b-OHC reflélce average enzyme activity over a

period of time rather than the momentaneous enagateity.

When medication or other factors, such as pregneaage changes in the plasma levels of
cholesterol during the study period it is advisdblese the 4b-OHC to cholesterol ratio to

correct for a possible change in substrate poel [¢iZ-46].

Table 1: Mean basal level of 4b-OHC and allele diertpy of CYP3A5*1 in Swedes, Tanzanians, Koreamks an
Ethiopians [24, 34].

Swedes Tanzanians Koreans Ethiopians

(n=161) (n=138) (n=149) (n=150)
4b-OHC (ng/mL) 26.8+9.1 21.9+7.5 29.3+8.6 £35.11.6
CYP3A5*1 (%) 7 51 17 20.5
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Analysis of 4a- and 43-hydroxycholesterol

4a-OHC and 4b-OHC are present in plasma in thematas range and precautions during
storage, handling and processing are needed irr dodeninimize artifact formation and
cholesterol auto-oxidation.

Therefore, samples were taken in EDTA-containirgptuand after centrifugation plasma was
stored at -70@ Immediately after thawing the anti-oxidant butgth hydroxytoluene (BHT)
was added to the samples. 83% of 4b-OHC and 70%a-@HC are present in conjugated
form in plasma [33]. With analysis and detectiongag chromatography — mass spectrometry
(GC-MS) oxysterols must be in the free form andalile hydrolysis was performed in order
to be able to measure total oxysterols. For 4a-Gid@ 4b-OHC the TBDMS-ethers has
shown increased sensitivity as compared to the mooenmonly used derivate
trimethylsilylesters (TMS) [36].

16



Aims of the study

Optimize the sample preparation method for 4b-OR@rder to increase sample throughput
(Paper 1).

Determine if it is possible to use 4b-OHC as a reafkYP3A activity

* In children after initiation of treatment with t'P3A inducer CBZ (Paper 2).
* In mothers and neonates at birth (Paper 3).

17



M aterials and methods

The objective of papers 1-3 and the methods usedtated briefly here. Please refer to each
paper for further details.

Paper 1

In Paper 1 we optimized the sample preparatiorstitasequent analysis of plasma levels of
4a-OHC and 4b-OHC. The original sample preparapimtedure which is outlined below
was developed for the simultaneous determinatiomired oxysterols. It is accurate, but very
laborious and time consuming. Some of firecautionary steps taken are not needed for
analysis of 4a-OHC and 4b-OHC, but for analysiexfsterols more prone for auto-oxidative

formation.

In the original method hydrolysis was performed emdrgon by adding 0.35 M ethanolic
potassium hydroxide (KOH) (10 mL) to a vial withTaflon lined cap containing 1 mL
plasma, 20Qug EDTA (10 mg/mL water), 5¢,g BHT (5 mg/mL water) and 100 ng internal
standard (¢t4b-OHC, 2ug/mL methanol). The samples were kept at room teatpes for 2h
with continuous stirring. The pH was adjusted tavith phosphoric acid and the reaction
mixture was transferred to a separatory funnelml8of chloroform and 6 mL 0.15M NaCl
were added. After separation the organic phasettaasferred to a round bottom flask and
rotary evaporated. Samples were then reconstifatéaluene (1 mL). Silica (SlI) solid phase
extraction columns (International Sorbent TechnglogMid Glanorgan, UK) were
preconditioned with 2 mL hexane. The sample (1 mltaluene) was put on the column,
followed by 1 mL hexane. Cholesterol was elutechwdtmL 0.5% 2-propanol in hexane.
Oxysterols were eluted with 5 mL 30% 2-propanch@xane. After evaporation, oxysterols
were derivatized into tert-butyldimethylsilyl-etlseusing tert-butyldimethylsilylimidazole-
dimethylformamide (10QuL) at room temperature prior to addition of water (L)nand
extraction twice with ethyl acetate (2x1 mL). Aftevaporation the samples were
reconstituted in hexane and analyzed by GC-MS (etviHackard 5890 Series Il Plus gas
chromatograph equipped with a HP-5MS capillary golu30m x 0.25mm x 0.2Am phase
thickness, connected to a Hewlett Packard 5972 nsae$sctive detector). Single ion
monitoring (SIM) of m/z 573, (4a- and 4b-OHC) arvdHinternal standard s&tb-OHC), was

used for quantification.
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For optimization of the sample preparation proceddifferent hydrolysis conditions
(concentration, temperature and duration) wereuasetl. For separation different solid phase
extraction columns (Strata-X, Extrelut, SI) andtieln conditions (% acetonitrile in water)

were tested.

A seven-level calibration curve (0-200 ng/mL) mé&aen appropriate amounts of 4b-OHC in
methanol (Steraloids, Newport, RI) and a fixed amaaf internal standard,setb-OHC, in
methanol (synthesized as described in [36] anditguadntrol samples were prepared along

with the samples in each run.

Paper 2

In Paper 2 we monitored the plasma levels of 4b-O#COHC, CBZ, CBZ-epoxide (CBZ-
E) and cholesterol in pediatric patients with newliggnosed epilepsy treated with CBZ
during 0-23 weeks. The CYP3A5 genotype was alsergebed. Ten consecutive patients
were recruited whereof eight completed the studasrRa 4b-OHC and 4a-OHC were
analyzed by isotope dilution GC-MS using deuteriaiveled internal standard as described
before [37]. CBZ and CBZ-E were determined in plastsy HPLC-UV as described
previously [47]. Plasma cholesterol was determibgda commercial enzymatic method,
Chod-PAPP (Roche Diagnostics, Mannheim, Germarty. Single nucleotide polymorphism
(SNP) A6986G (CYP3A5*3) was analyzed in all sulgeas described previously [25]. When
the CYP3A5*3 allele was not detected the allele wasignated CYP3A5*1. Statistical

calculations were done using Statistica version3tatSoft Inc., Tulsa, OK, USA).

Paper 3

In Paper 3 we monitored the plasma levels of 4b-O#OHC and cholesterol in mothers
and neonates at time of birth and four months padgum using the same methods as in Paper
2. The CYP3A5 genotype was also determined. 21 enstand 22 neonates were recruited
whereof 10 mothers and 11 neonates completedulg. st

Blood sampling was as follows:

Vaginal delivery: Venous blood samples were colddrom mother and neonate at the time

of the neonatal screening and at the four montbvioup.
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Elective caesarean section (CS): Blood samples wellected from mother prior to the
operation and from the cord blood immediately aft@th. Venous blood samples were
collected from mother and neonate at the four mésitbw up.

Statistical calculations were done using Statistieesion 8. Plasma levels of 4b-OHC, 4a-
OHC and cholesterol were also analyzed in one ma@he one neonate after maternal anti-

epileptic treatment with CBZ during pregnancy.
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Results and discussion

Paper 1

In Paper 1 we developed an optimized sample prepanmethod for the subsequent analysis
of 4a-OHC and 4b-OHC. The original method is stiltlely used for analysis of oxysterols,
both in our and other laboratories [37]. With thigimal method a large number of oxysterols
were measured simultaneously, i.e. 7a-OHC, 7b-OBEGOHC, 25-OHC, 27-OHC, 7-
ketocholesterol, the cholesterol-5,6-epoxides aaetholestane{3,5a,603-triol (cholestane-
triol). This wide array of oxysterols shows diffatechemical properties and different
susceptibility towards auto-oxidation or pH-depeartddecomposition. Some alterations from
the original method had already been made in thpkapreparation of 4a-OHC and 4b-OHC
prior to the present work, and these are mentioned below tire section “Analysis of at+

and 43-hydroxycholesterol”.

The large sample volume in the original method (1) mvas needed because of the mass
spectrometric detection limit for some of the oryets present in very low amounts, i.e. 25-
OHC and 7b-OHC (~2 and ~3 ng/mL, respectively).

4b-OHC is present in plasma at ~30 ng/mL, and i wstimated that the sample volume
could be reduced by at least a factor 4 withoutatein problems. Hence, a sample volume of
250uL was chosen. The hydrolysis solution volume wasiced from 10 mL to 1 mL.

For hydrolysis two different KOH concentrations wetested, 0.7M and 0.35M at three
different temperatures: 20 (room temperature), 3¢ and 54C. The time allowed for
hydrolysis with the different conditions ranged nfrcd minutes to 2h. With the original
method hydrolysis was performed with 0.35M ethanBIOH during 2h at room temperature
because there was a significant loss of 7-ketoshexiel if either temperature or pH was
increased. In the original method this step wadopmed under argon in order to protect
cholesterol from auto-oxidation. Such precautiors wat needed when analysing only 4a-
OHC and 4b-OHC.

The optimization of the hydrolysis conditions welane stepwise:

First, hydrolysis with 0.35M ethanolic KOH durin@ 3ninutes, 1h or 2h was performed at
20°C, 37C and 54C. Samples were then processed according to thenakimethod. The
changes in hydrolysis conditions did not cause diffgrences in the analyzed 4a-OHC and
4b-OHC concentrations. This was true also whenhfgrolysis was performed with either
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0.35M or 0.7M ethanolic KOH during 30 minutes abmotemperature. We concluded that
0.7M ethanolic KOH could be used for hydrolysisidgr30 minutes at room temperature,
hence reducing the hydrolysis time by at least ®@utes while maintaining the efficiency.

Shorter hydrolysis times were alswestigated (5, 10 and 20 minutes) without majearges

in the analyzed 4a-OHC and 4b-OHC concentratiomsveyer, it was believed that a shorter
hydrolysis time could have a negative impact thehwa variability (CV). The hydrolysis

time was therefore set to 30 minutes.

In the original method, oxysterols were extracteahf the 10 mL hydrolysis solution by
liquid-liquid extraction with 18 mL chloroform. Thilarge volume needed to be rotary
evaporated, which was very time consuming. This alas the bottle neck in the sample
processing procedure as the number of samplecdtiidd be processed simultaneously was
limited to four, which was the number of availabd¢ary evaporators.

The reduced hydrolysis volume used in the new nik#ilowed faster extraction. Two solid
phase extraction columns were tested for this m@p8trata-X and Extrelut. The Sl-column
used in the original method was used as a referéifee recovery of the internal standard
with the three columns was highest with the Sl-ooluand lowest with the Extrelut-column
(15-fold lower). Therefore, the Extrelut-column wasitted from further experiments.

A number of different elution concentrations wemgeastigated for the Strata-X-column: 70,
80, 85 and 90% (v/v) acetonitrile in water. 85%v)\dcetonitrile in water showed acceptable
recovery of 4a-, 4b-OHC and the internal standBimvever, cholesterol co-eluted with 4a-
OHC and 4b-OHC. The Strata-X-column was washed %% (v/v) methanol in water prior
to elution of the oxysterols and cholesterol.

To summarize, a faster sample preparation methothéosubsequent analysis of 4b-OHC on
GC-MS was developed. The differences in sample gredjon with the original and new
methods are highlighted in Table 2. Briefly, in th@w method hydrolysis was performed by
adding 0.7 M ethanolic potassium hydroxide (1 nd_pglass centrifuge tube containing 250
pL plasma, 200ug EDTA (10 mg/mL water), 5Qug BHT (5 mg/mL water) and 100 ng
internal standard ¢4b-OHC, 2pug/mL methanol). After vortex mixing (30 secondsg th
samples were kept at room temperature for 30 msnwtehout stirring. Before centrifugation
(10 min, 1000g) the pH was adjusted to 7 with 1Z#)(phosphoric acid in water. For
extraction the samples were put on preconditionaétifanol, 1 mL) and equilibrated
(deionized water, 1 mL) Strata-X 30 mg/AmL SPE pois (Skandinaviska Genetec AB,
Vastra Frélunda, Sweden). The columns were wasligd1®% (v/v) methanol in water. The
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samples were eluted with 85% (v/v) acetonitrileveter (1 mL). The eluates were evaporated
to dryness under argon before derivatization aradlyais by GC-MS as described before [33].

Table 2: Differences between the new and origiaai@e preparation methods.

New method Original method

Plasma 250puL 1mL

0.7 M ethanolic KOH (1 mL) 0.35 M ethanolic KOH (10 mL)
Hydrolysis 30 min 2h
no stirring, room temperature stirring, room temperature

Strata-X solid phase
Extraction 1 | To evaporate: 85% (v/v)
acetonitrile in water (1 mL)

Liquid-liquid extraction
To evaporate: chloroform (18 mL)

Sl solid phase
To evaporate:
30% (v/v) 2-propanol in hexane (5 mL)

Extraction 2

Samples were analyzed in parallel with the two dampeparation methods and analysed by
GC-MS. The correlation between 4b-OHC results wiith two methods was high (y=1.0x-
2.1, r2 = 0.99 (y=new method, n=90).

The within and between day variations for the twetimds are given in Table 3. The between
day variation was slightly higher for the new metiwshen compared to the original method.
This may be due to the differences in amount ok used for the analyses, 3d0and 1

mL, respectively. Blood samples could be left atnnotemperature without centrifugation up
to 21 hours without changes in the 4b-OHC concéaotraneasured (data not shown). The

linear range of the calibration curve is at lea600 ng/mL (data not shown).

Table 3: Within and between day variations forrnlee and original sample preparation methods at leX&
ng/mL (4b-OHC).

Within day variation (%)

Between day variation (%

New method

4.5 (n=8, two occasions)

8.2 (n=59)

Original method

3.7 (n=12)

7.7 (n=78)
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The new method has several advantages over thmarigethod when it comes to sample
preparation for analysis of 4b-OHC:
e It is faster and less labor intensive. The sambleughput is approximately three
times higher compared to the original method.
* The use of disposable glassware makes the new thteal for analysis of infectious
samples.
« The use of less organic solvents is beneficial fram environmental and risk

assessment point of view.

Paper 2

In paper 2 we studied the kinetics of formation adfculating 4b-OHC after CYP3A
induction. Ten pediatric patients with newly diagad epilepsy subjected to monotherapy
with CBZ were enrolled in the study. Eight childrgratients A to H), ranging in age from 1
years 4 months to 17 years 8 months, completedstiindy in which we collected blood
samples before and after 1, 2, 4, 8, 16 and 23 svetkreatment with the CYP3A inducer
CBZ. The plasma levels of 4b-OHC, 4a-OHC, CBZ, Band cholesterol were monitored.
CYP3A catalyses the conversion of CBZ to CBZ-E.

The CBZ treatment (5 mg/kg/day the first week, 1@/kg/day the following weeks) was
found to at least double plasma levels of 4b-OHCea&th patient within two weeks of
treatment. The increase is shown for each patidividually in Figures 3a and 3b and
collectively in Table 4. The continuous treatmanmther increased plasma levels of 4b-OHC
and after eight weeks all patients had 5 to 10-foggher plasma levels of 4b-OHC compared
to their pre-treatment levels. However, the CBZictcbn of CYP3A appeared to be complete
within one week of treatment as indicated by tleady state plasma levels of CBZ and CBZ-
E in Figures 3a and 3b and the stable CBZ-E to €&8io in Table 4. This is in line with
previous observations [48]. The continued increafséb-OHC levels in circulation may be
due to slow equilibriums with different compartmgng. g. adipose tissue. It remains to be
revealed if 4b-OHC is transported between differeompartments by active or passive
mechanisms. Drugs that induce CYP3A4 also induaesporters such as P-glycoprotein,
ABCG1 and others [49-50], which may have a rol¢him compartmentalization of 4b-OHC.
Presence of other enzymes may also be importatitouglh in vitro experiments with
CYP1A2, CYP2C9 and CYP2B6 failed to show converssdrcholesterol to 4b-OHC [33].
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Accumulation of 4b-OHC in circulation due to CBzhihition of its further metabolism may
also be possible. However, the apparent half-lifelnination of 4b-OHC from circulation

has been reported to be approximately the samenitrats (n=2) as in one CBZ treated
patient [35].

Only one patient (G) expressed functional CYP3A5RPGA5*1/*3) and no statistical
calculations could be performed on the possiblectfirom CYP3AS5.

The plasma level of 4b-OHC was successfully usea rasirker of CYP3A induction by CBZ
in treatment of children with epilepsy. The CBZatiraent resulted in increased plasma levels
of 4b-OHC until at least 8 weeks of treatment. Adaag to the steady plasma levels of CBZ
and CBZ-epoxide there was a complete induction ¥P&A within 1-2 weeks and the
continued increase of 4b-OHC levels in circulatioay be due to slow equilibriums between
different compartments.

Table 4: Mean levels of 4b-OHC, 4a-OHC and chotesia children before, after 7-9 weeks and 15-2%ks
of CBZ treatment.

Treatment

Before (n=8) 7-9 weeks (n=8)| 15-23 weeks (n=7
4Ab-OHC (ng/mL) 43+ 25 296+ 104" 321+ 125"
4a-OHC (ng/mL) 54+2.1 7.4+2.0" 7.0+1.92
cholesterol (mmol/L) 3.7+0.38 4.4+ 0.5 4.2+0.82
HDL-cholesterol (mmol/L) 1.47+0.48 1.50+ 0.45°% 1.53+ 0.42°%
CBzZ-E/CBz 0.14+ 0.06° 0.14+ 0.04° 0.17+0.08%

p-values from student’s T-test for dependent sasafiteported by * (p<0.05), ** (p<0.01), a (p>0.05).
b = ratio given for 1 week of treatment.
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Figure 3a: Upper panels: CBZ induced increaseadmh levels of 4b-OHC (dashed line). Concentratiéns
CBZ (filled triangles) and CBZ-E (filled squarekpwer panels: Daily dose (mg/mL) CBZ for patientDA
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Paper 3

Our initial aim in Paper 3 was to define the effetCBZ treatment during pregnancy on the
CYP3A activity as measured by the plasma level#lmOHC in mothers and neonates.
CYP3A is induced by CBZ and the effect from matéraati-epileptic treatment on fetal
hepatic drug metabolism was studied. We aimed exttitying and enrolling CBZ treated
pregnant women at their routine visits at the Depant of Neurology, Karolinska University
Hospital, Huddinge. Controls matched for gestatiaige, sex and weight were to be recruited
at the delivery ward.

The women were to be supplied with information abitve study to bring to the delivery
ward at time of delivery, preferably at one of theivery wards at Karolinska University
Hospital, Huddinge or Sddersjukhuset, Stockholmenehthe staff was informed about the
study. Blood samples were to be collected fromabel blood immediately after birth and
from the mother at the time of the neonatal scregniThe estimated number of women
possible for enrolment in the study a year wasyf&mw, only 36. This number was based on
the facts that only 0.3% of pregnant women haveepgy and that there is a total of 12 000
deliveries a year at the delivery wards at Huddiagd Sddersjukhuset. Since monotherapy
with CBZ was the first hand choice of treatmentexpected the majority of the women with
epilepsy to be on this medication. However, th@regton proved to be wrong and we ended
up with only one CBZ treated mother within the timlethe study. We decided to start to
enroll controls and we eventually canceled theahfiroject and focused our attention on the
control group. Later we got to know that the pregnaomen with epilepsy that were
identified at the Department of Neurology were ootCBZ treatment and hence could not be

included in the study.

In our untreated mothers we could see that the @QY&Sivity was significantly higher at

time of delivery, as measured by higher 4b-OHChlesterol ratios, compared to a cohort of
healthy non-pregnant women (Table 5). The mothexs dso higher plasma levels of 4b-
OHC and cholesterol at delivery, but four monthstppartum there was no longer any
difference in levels of 4b-OHC, cholesterol or 4blOto cholesterol ratios between mothers
and the cohort of non-pregnant women. These reaudtsn line with previously published

results indicating that the levels of cholesterokirculation are increased during pregnancy
[51-52] as well as the CYP3A activity. The latteashbeen shown using the markers

midazolam [15] and [B-hydroxycortisolto cortisol ratio in 4h urine [53]. Nakamura et las
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reported no difference in the3@ydroxycortisol to cortisol ratios ispot urine between
pregnant and non-pregnant women [54]. These instamgiies may be due to different
specificities of the markers and/or small data.3&tshin the group of mothers one difference
remained after four months: 4b-OHC in mothers gjvbirth by vaginal delivery was still

increased as compared to the level in mothers givirth by elective CS (Table 6).

Table 5: Median plasma levels of 4b-OHC, 4a-OHC emulesterol and 4b- and 4a-OHC to cholesterobsaiti
mothers and non-pregnant healthy women.

mothers women, non-pregnant p-value
median QR n median QR n
4b-OHC delivery 50.0 10.7 21 <0.00001
i 28.9 14.4 | 76
(hg/mL) 4 months | 32.6 119 | 10 n.s.
4a-OHC delivery 13.9 3.1 21 <0.00001
. 6.1 205 | 76
(ng/mL) 4 months 10.8 3.9 10 <0.00001
4b-OHC/ | delivery 0.19 0.06 21 0.0009
0.15 0.07 | 76
chol¢10") | 4months | 0.18 0.09 | 10 n.s.
4a-OHC/ | delivery 0.06 0.01 21 <0.00001
0.03 0.01 | 76
chol(10Y |4 months | 0.05 0.01 | 10 0.001
cholesterol | delivery 6.2 1.7 21 <0.00001
4.6 0.9 76
(mmol/L) | 4 months | 5.2 2.5 10 n. s.

QR = quatrtile range. p-values from Mann Whitneyestt The change in 4b- and 4a-OHC / cholestermgat
and cholesterol from delivery to four months latere statistically tested by Wilcoxon Matched Pairs
p-values are reported byp<0.05),” (p<0.01) and (p>0.05).

Neonates born by elective CS had 4b-OHC to cholastatios comparable to the ratios in a
cohort of healthy adults (Table 7), indicating thabnates had similar total CYP3A activity.
No ratios could be calculated for neonates borrvdyinal delivery due to limited sample
material.

CYP3AY is abundant in fetal and neonatal liver [336d a postnatal decrease in CYP3A7
and a concomitant increase in CYP3A4 may resulunchanged total CYP3A activity.
CYP3AY catalyses the conversion of cholesterobx@®HC to a small extent in vitro [35], but
it is not known if this conversion takes place atswoivo.

Neonates had lower plasma levels of 4b-OHC andeshteol at birth than the cohort of 125

healthy adults, but similar levels four months guettum.
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Table 6: Median plasma levels of 4b-OHC and 4a-Oil@others and neonates, divided by mode of deliver

Elective CS Vaginal delivery p-value
median | QR n median QR n
Mothers
4b-OHC | delivery 53.2 325 7 48.0 10.6 14 n.s.
(ng/mL) | 4 months | 28.6 |3.7 5 40.8' 7.8 5 0.032
4a-OHC | delivery | 16.8 7.3 7 13.5 2.6 14| 0.031
(hg/mL) | 4months | 115 |[3.7 5 10.1 3.9 5 n.s.
Neonates
4b-OHC | birth 12.0 5.4 8 20.2 4.7 14 | 0.003
(hg/mL) | 4 months | 43.0 16.0 6 25.3 16.0 | 5 n.s.
4a-OHC | birth 14.1 35 8 30.2 9.9 14 | 0.00001
(ng/mL) | 4months | 16.4 |6.4 6 15.1 1.6 5 n.s.

QR = quatrtile range. Vaginal delivery: Blood sanspleere taken at the neonatal screening two-thrge alfter
birth. p-values from Mann Whitney U test. The chamg concentrations of 4a-OHC and 4b-OHC from biath
four months later were statistically tested by \@¥on Matched Pairs.

p-values are reported byp<0,05).? (p>0,05).

4a-OHC is a stereoisomer of 4b-OHC that is not &ty CYP3A. It is possibly formed by

auto-oxidation during oxidative stress. Mothers Baphificantly higher plasma levels of 4a-
OHC both at time of delivery and four months paattpm compared to the cohort of non-
pregnant women (Table 5). Also the 4a-OHC to chetes ratio in mothers was higher both
at delivery and four months post partum when coegbdo the ratios in the cohort of non-
pregnant women. Neonates born by vaginal delivewy twice the plasma levels of 4a-OHC
at the time of birth compared to children born ligceve CS (Table 6). Interestingly, all

children born by vaginal delivery had higher 4a-OH@n their mother, while all children

born by elective CS had lower 4a-OHC than theirhao{Figure 4). Oxidative stress during
vaginal delivery may be an explanation as to whgna¢es born by vaginal delivery had
increased levels of 4a-OHC, almost double comptratkonates born by elective CS. Also
4b-OHC was increased in neonates born by vagin@etlg which may have a possible

explanation in the increased oxidative stress @ssotwith this mode of delivery. However,
there are inconsistencies in the literature orothdative effect from vaginal delivery on both
mothers and neonates [55-58], possibly due to skeeotidifferent markers.

The 4a-OHC to cholesterol ratio decreased sigmflgabetween birth and 4 months post
partum in children born by elective CS. Howevee thatio was still three times higher than in

the cohort of healthy adults. No ratios were caltad for children born by vaginal delivery.
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Only 3 mothers and 3 neonates expressed functOviRBAS (CYP3A5*1/*3) out of the 10
mothers and 11 neonates that were genotyped (deldedtuithe four month follow up). No
statistical analyses were done due to the smadl skt

Table 7: Median plasma levels of 4b-OHC, 4a-OHC emulesterol and 4b- and 4a-OHC to cholesterobsaiti
neonates and healthy adults.

neonates adults p-value
median | QR n median QR n
4b-OHC delivery 18.8 8.6 22 <0.00001
i 27.2 13.8 | 125
(ng/mL) 4 months | 39.6 21.2 | 11 0.03
4a-OHC delivery 26.2 211 22 <0.00001
6.0 2.8 125
(ng/mL) 4 months | 15.2 5.1 11 <0.00001
4b-OHC/chol | delivery 0.19 0.07| 8 n.s.
0.15 0.07 | 125
(-10% 4 months | 0.20 011 | 11 0.005
4a-OHC/chol | delivery 0.20 0.04| 8 <0.00001
0.03 0.01 | 125
(-10% 4 months | 0.09 0.02 | 11 <0.00001
cholesterol delivery 1.8 0.8 8 <0.00001
4.5 0.9 125
(mmol/L) 4 months | 4.2 08 |11 n.s.

QR = quatrtile range. p-values from Mann Whitneyestt The change in 4b- and 4a-OHC to cholestetiolsra
and cholesterol from delivery to four months latere statistically tested by Wilcoxon Matched Pairs
p-values are reported byp<0.05), (p<0.01) and (p>0.05).

A mother treated with CBZ during the entire pregnahad a very high plasma level of 4b-
OHC two days after an elective CS (392 ng/mL, Ta®lewhen compared to untreated
mothers (elective CS; 53.2 ng/mL). The 4b-OHC tolesterol ratio was about nine-fold
higher than in untreated mothers (1@ and 0.1910“, respectively). The neonate had a
close to five-fold higher 4b-OHC to cholesterolioads compared to neonates of untreated
mothers (0.994.0% and 0.19.0*, respectively). The level of 4b-OHC in cord blgadsma of
the neonate was higher as compared to neonatebp@lective CS of untreated mothers (76
ng/mL and 12.0 ng/mL, respectively). The CBZ treatinduring pregnancy had no effect on
the isomer 4a-OHC or cholesterol in neither mothar child (Table 8) as their levels were
comparable to the ones in untreated mothers anuhies) respectively.

We conclude that 4b-OHC is a useful marker in tineys of CYP3A activity in mothers and

neonates. Mothers had higher CYP3A activity as amegb to non-pregnant women.
Neonates had similar total CYP3A activity as adufisssibly due to neonatal CYP3A7
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activity. CBZ treatment during pregnancy causedeaased levels of 4b-OHC in one mother

and her child, indicating increased CYP3A activity.

Table 8: Levels of 4b-OHC, 4a-OHC and cholestardBZ treated mother and neonate at delivery/birth.

4b-OHC (ng/mL)

4a-OHC (ng/mL)

cholesterol (mmol/L)

mother

392

18.9
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neonate
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Figure 4: Plasma levels of 4b-OHC (upper panel)4ax®HC (lower panel) in mothers and neonates. Open
squares = elective CS. Filled diamonds = vaginkVeie .
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General summary

The sample preparation was optimized for the subm®ganalysis of plasma 4b-OHC. The
new sample preparation method increased samplaghpot approximately three times and
was less labor intensive than the original methbde use of less organic solvents was

beneficial from an environmental and risk assess$ipeint of view.

The time course of formation of 4b-OHC in childrafter initiation of treatment with CBZ
was studied. We showed that CBZ increased CYP3Avigcias measured by increased
plasma levels (5-10-fold) of 4b-OHC within 8 weealistreatment. Stable plasma levels of
CBZ and CBZ-E within one week of treatment indicatomplete induction of CYP3A
within this time. The continued increase of 4b-OW&s possibly due to slow equilibriums

between different compartments.

The CYP3A activity increased during pregnancy assueed by an increased 4b-OHC to
cholesterol ratio in mothers at delivery. Neonditad similar total CYP3A enzyme activity as

adults as indicated by similar 4b-OHC to cholestemtios. CBZ treatment during pregnancy
caused increased levels of 4b-OHC in one mothethandhild, indicating increased CYP3A

enzyme activity. Children born by vaginal delivérgd increased levels of 4a-OHC, possibly
due to oxidative stress during delivery.

In our study we have shown that 4b-OHC is a suetathrker of CYP3A induction. 4b-OHC

IS a non-invasive marker that is easy to use imnaes, children and vulnerable patient
groups where probe drugs are difficult or unethitwaladminister or urine collections are
difficult to perform. Blood samples can be takery &me of the day and irrespective of food

intake which is beneficial in a clinical setting.
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Future per spectives

Further optimization and automatization of the skmpreparation and analysis method:
Transfer the sample preparation to the 96-well eplddrmat and automate pipetting.
Development of an LC-MS/MS method with increasesbhétion and sensitivity as compared

to the currently used GC-MS method.

Perform further studies on the usefulness of 4b-@id@ marker of CYP3A activity in other

conditions, medications and age groups.

Investigate the effect on the CYP3A activity in imats and children exposed to other

treatments during pregnancy, possibly monitoredithele pregnancy.
Studies on the potential effect of plasma level@®hydroxyvitamin D on CYP3A activity as
measured by plasma levels of 4b-OHC. Observed sahsbanges in drug concentrations

may be a result of Vitamin D induced CYP3A acti\jBg].

Studies on the possiblgydroxylase activity of CYP3A7 and CYP3A43 bothvitro and

in vivo.

Further studies on the formation and tissue distidm of 4a-OHC.
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Tack ocksa till mina medforfattare for gott samaebdatarina Wide, Pontus Elander, Sofia

Sergel, Lisa Forsberg och Synnéve Lindemalm.
Tack sa mycket ocksa till mina arbetskompisar jrdidkt kemi och till min familj och vanner

som visat intresse for mitt pyssel och som stdtiay. Antligen har jag kommit halvvags

Rode! Vad synd att du inte fick vara med och hdea. m
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