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Intraduction

1 Introduction
11  Objective

T gaseous olefin 1,3-butadicne (BD) is an important industrial chemical, primarily used in
the production of synthetic ru_bber.' In long-term inhelation experiments, it was a weak
‘carginogen in rats but a very effective one in mice. Its carcinogenic potency for humans 1s still
under debate. Since BD is biotransformed 10 a series of reactive metabolites such as 1.2-
epoxy-3-butens, 1,2:3,4-dicpoxybutane, 3,4-epoxybutane-1,2-diel and probably
crotonaidehyde, it i3 generally accepted that the carcinogenic poteticy of BD is linked to the
body and tissue burden of these metabolites. Therefore a prerequisite to estimate the risk of
BD to burnans, which is based on available mnimal studies, is the knowledge of body aud
tissue burden in 12ts, mice and humans, While in rat and mouse in-vive BD exposires can be
carried out to quantify this burden, it is not possible in humans on ethica! grounds, However,
this burder can alse be quantified in humans and rodents by using an ex vive methodology.

Freshly prepared lungs and livers of rats and mice and pieces of lungs and livers of humans,
respectively, can be perfused with artificial blood containing BD. The formation of the

. umw]mmhmdeemmW&we‘TkobﬁMMﬁmbe incotporated
in a physiological toxicokinetic model and the tissue burden of the three.species can be
calculated. The procedure can be validated by comparing simulated tissue burdens with the
in-vivo data gained in rats and mice.

A pre-tequisite of this procedure is the availability of highly sensitive quantitative mathods
for the detection of BD and the metabolites mentioned previously. Therefore, the objective of
this work is the development of such methods using a gas chromatograph cquipped with a
mass spectrometric detector for the analysis of BD and the metabolites, 1,2-epoxy-3-butene,
Zrotonaldehyde, 1,2:3,4-diepoxybutane and 3,4-epoxybutane-1,2-diol. Additionally a method
is eatablished for the determination of 3-butene-1,2-dicl, being an important intermediate
metabolite. o ' '

Finally the applicability of these methods is exemplified on BD perfused livers of rais and

- mice.




' Introduction .

12 Production, properties and mse of 1,3-butadicne

1.3-Butadiene (BD) is a oolom'l gas. The canjugated diene cam form explosive pevoxides
upon exposure to air (Finar, 1986). Under the infiuence of sodivm as catalyst, BD readily

" polymerises 10 & product which is used as a rubber substitute known as buna (butediene +

Ne). BD is primarily produced in petrochemical industry vie steam cracking of hydrocarbons
(Finar, 1986). In 1989, the worldwide BD production was over 6.6 Mio tonnes (LARC, 1999},
The major use of BD is found to be in the synthetic rubber industry (Bechtold et al., 1995;

- Finar, 1986). BD is mainly used ir the producﬁon of homopolyﬁlerised or copolymetised

products a.lcmg with styrcnc and acetomtrﬂe {Johanson and Filser, 1993) with styrene-

* ‘butadiens rubber representing the largest produced synthetic rubber in the world (Otto-

Albrecht, 1989; Finer, 1986). BD in the form of polybutadicne is also used in the production

'ofwwm&mbbﬁbmd&homandshoemlﬁ(ou&Mlm.Copolymmﬁﬂl

aoewniﬂikandstyrenemfomdtnmmrvehiclesaudiﬁavmietyofarﬁc]w of daily use,
.. in household and office articles and cases for elscirical gadgets (Otto-Albrecht, 1989;
Finar, 1986). Highest_ BD exposure concentrations were measured at wnrkp]acée in BD

“producing facilities (peaks up io 100 ppm, (IARC, 1999)}. Low lovel urban exposure may

also occur through gasoline vapours, automobile exhanst and cigarette smoke (Abdel-Rahmian
et al,, 2001; Brunnemaan et al., 1990; IARC, 1999). In 1987, in USA, the yearly industrial
BD emission in the atmosphere was recorded to be 4415 tonnes, which fell to 1321 tonnes ill
1995 (JARC, 1999). Acconding to LARC (1999) less than 1 fo 10 ppb BD was found in urban
A, )

1.3 13-Butadiene metabolism

. lnﬁmmmals BDisptﬁnm'iljrmetabolised in the liverbulals& in the jung resulting in the
. formation of different metabolites (refm‘ Figure 1). Species spemﬁclty concerning the: burden

wnh BD and its. epoxlde metabolites was mvesugated in vivo and in v:tm yielding
considerable differences, NADPH dependent metabolism in “cell fractions was demonstrated

by vatious tesearch groups Schmidt and Loeser (1985} usmg postmlmchandnal liver and :

tung fractions of mice, rats, monkeys and humans showed the metabolic fortmation of 1,2-

. epoxy-3-buene (EB), Mors specifically; BD metabolism to EB was studied in livet -
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microsomes of rats (Malvosin et al., 1979; Bolt et al., 1983; Wistnba et al., 1939; Csanady &t
sl 1992; Cheng and Ruth, 1993; Maniglier-Poulet et al., 1995) and mice (Wistuba et al.,
1989; Elfatra et al., 1991; Csanddy et al., 1992; Recio et al., 1992; Sharer et al., 19922
Duescher and Elfarra, 1992; Maniglier-Poulet et al., 1995), In lung microsomes of rats and’
mice, BD metabolism to EB was demonstrated by Csanddy et al. (1992) and Sharer &t al.
(1992a). Also in kidney and testis of these species, EB is produced from BD (Sharer et al,,
1952a). BD metabolism to EB was also shown in human liver (Csanédy et al., 1952; Duescher
and Elfarrs, 1994) end buman hing (Csanédy et al., 1992). '
These findings were also established from in-vivo studies. In BD exposed rodents, EB was
found in the exhaled air (zat: Filser and Bolt, 1984; Meischner, 1999; mouse: Kreiling et al.,
1987; Meischner, 1999) and in blood (rat: Thornton-Manming et al., 1995¢; Thorton-
Manning et al., 1995b; Bechiold et al., 1995; Himmelstein et al., 1994; Himmelstein ¢t al.,
1996; Thormon-Manning et aL, 1997; Thornton-Manning et al., 1998; mouse: Thornton-
Manning et al., 1995s; Thomton-Manning et al., 1995b; Bechtold et al_, 1995; Himmelstein et
al., 1994; Himmelstein et al., 1996; Thomton-Manning et al., F997). It was also dstected in
blood of BD exposed monkeys (Dahi et al., 1950; Dahl et al,, 1991).

A large portion of EB is further metabolised via three pathways. One of them involves its
catalytic hydrolysis mediated by epoxide hydrolase (EH) as hias been demonstrated in liver,
microsomes of rat (Malvosin and Roberfroid, 1982; Bolt et al, 1983; Cheng and Ruth, 1993;
Kreuvzer et al,, 1991; Csanddy et al, 1992; Krause et al., j997b), of mouse and hum:m
(Kreuzer et al,, 1991; Csanady et al., 1992; Kranse et al, 1997b) as well as in pulmonary

 microsomes of these three species (Csanddy et al., 1992). The same kydrolyiic pathway .

" leading to 3-butene-1,2-diol (B-diol) was deduced from the in vivo finding of & metabolite N-
. acetyl-8-(3,3-dihydsoxybutyl)-L-cysteine excreted in urine of BD exposed rodents (Sabourin

- et al.,, 1992; Bechtold et al.; 1994; Nauhaus =t al., 1996), monkeys (Sabourin et al., 1992) and
also’ of BD exposed workers (Bechtold et al, 1994), Hydrolysis of R- and S-EB io the
corresponding enantiomer of B-diol was nearly completely stereospecific in liver microsomes
of rats, while in those of mice, an inversion of the configurstion was observed (Nieusma et al.,

1998), '

The other pathways of EB involve the gluiathione S-transferase (GST}) catalysed conjugation
with glutathione, observed in rat liver cytosol (Bolt ¢t al_, 1983; Sharer et al,, 1992b;




' Kreuzer et al, 1991; Csanédy et al., 1992) and in mouse as well 25 in humen liver cytosol
{Kreuzer et al, 1991; Csansdy et al., 1992; Sharer et al., 1992b). Corresponding catabolites of
the GSH conjugates with. EB were demcted in urine of BD exposed rodents (Sabourin et al., .
1992; Sharer et al., 1992a; Elfarra et al., 1995) and of BD exposed workers (ElaHberg et al.,
1997).

The first step of another. pathway of EB represents the CYP450 catalysed formation of
1,23 4-diepoxybutane (DEB), which has been shown in EB expased liver microsomes of rats
(Seaton. et al, 1995; Krause and Elfarra, 19972), mice (Seaton et al., 1995; Krouse et al.,
19972) ani? huimans (Csanédy etal., 1992; Seaton et al, 1995; Krause et al,, 1997a). The same
 product was determined in blood of mice (Himmelstein et al, 1994; Hicamelstein ef al., 1995;
Bechiold et aL, 1995; Thomton-Manning et al., 1995a, Thorton-Msnning et al., 1997) and
slso in blood of rats (Bethtold et 4l 1995; Thonton-Manning et al., 19954; Thorntoi-
Manning et at., 1997, Thomton-Mauming et al., 1998) following exposure of boih rodent
strainsto BD. '

Crmmldghyde {CA) was formed NADH-dependently as 2 minor metabolite of BD» in
microsames chiained from liver, lung or kidney of make BSC3F1 mice (Sharer et al.; 1992a)
' and from human liver (Duescher and Elfarra, 1994), '

The formatian of 3,4-epoxybutanie-1,2-diot (EBD) which covld be gensrated by the oxidation
of B-diol or by hydralysis of DEB has I:een tentatively found in BD exposed rat liver
microsomes (Cheng and Ruth ]993)

" Theré wete drastic species differences in the formation rates of these metabolites, tiot all of
‘them being detectable in every species investigated. Especmll)r, DEB was by far Iess inrais as

o .compared to m:oc, (eomparauvely summansad in IARC 1999)
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Figurel:  Overview of pathways of 1,3-butadiene metabolism

14 Muragenic and carcinogenic properties of 1,3-butadiene and its selected
metabolites

1,3-Butadicpe is an indjrect mutagen. Metabolic activation of BD is required to exen
mutagenic effects. All three epoxides of BD, namely EB, DEB and EBD, were mutagenic
(swmmarised in TARC, 1999). Mutsgenicity is probably iinked with the capability of these
compounds to form adduets to macromolecules, especially to DNA, as has been demonstrated
by several working groups (raviewed and summarised in [ARC, 199%). Of thege spoxides,
DEB having two teactive sites was shown to be able to form DNA-DNA (Ristau e1 al., 1950)
and DNA-protein (Costa et al., 1997) cross-links. These findings might explain the by far
higher mutagenic potency ofﬂﬁscompoﬁndwmedmﬂmeoﬂ:e:s.
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Cnncermng ‘the ca:cmogemc potency of BD, & drastic specles dlﬁ'erenoe between mice and
rats was observed. In inhalation studies carried out with the former species, BD was a highly
effective carcinogen (Huff et al., 1985; Irons et al., 1989; Melnick et al., 1990). It evoked dose
dependent tumours at several sites. After 2 years of exposure, ung tumours were increased
already at the lowesi concentration of 6.25 ppm BD (Melnick et al., 1990), Contrastingly, in
lheonlylong-tﬂmcarcmogemcﬂymdycamedonlmmssofar BDwasmlyawak :
carcinogen (Owen ct al., 1987). Animals had besa exposed 1 0, 1000 aud $000 ppm BD
(6h/day, Schyfwed:) Timmouss occurred only in the lnghwt dose group.

- For humans, too BD has been concluded to be cam:nogemc (DFG, 1998] based on the
ouicome of epldemlologca[ ‘studies (smnmanssd in IARC, 1999) and cons:dermg its
metsbolism to époxides, which had besn demonstrated in vitro (sse above). However, based
on the same data IARC 1999 evaluated BD only as “probsbly carcinogenic to humsns”.
However, conceming the carcinogenic potency of BD it has been speculated that humans
behave more like rats than like mice (Bond et al,, 1995), which means BD would be by far
less effective in the human specles thau it is in the mouse.

From the findings that the mutagenic activity of BD resulied from epoxides formed in the BD

catabolism, it was concluded that the BD induced carcinogenicity could criginate from the
tissue burden by these intermediates (Malvosin and Roberfroid, 1982; Filser and Bok, 1984;
Schmids and Locscher, 1985; Kreiling et al., 1986; Kreuzer et al., 1991), several of which

._bemgpmvwcmmgens

For EB, only one single wnimal study is available. A dose of 100 mg, 3daysiweek over the
entire lifefime was administered epicutaneously to 300 male nijce. There was 2 small increase
in skin tumours compared to the controls (Van Duuren et al., 1963).

" DEB was also tested for carcinogendélty tn mios by skin painting (Van Duuren et al., 1963;
Van Duuren et al., 1965). Compated to the controls, a mgmﬁmt iicrease of skin tumours
wes observed at both administered doses (3 and 10 mg per week for hfe) In a second study,
the same authors administered DEB subcutanecusly 10 rats for mote than one year (1
mg/animaliw). At the injection site, ﬁhigh induction of malignant tumours was observed in
contzast to the controls, which were negative (Van Duaren et al., 1966). In another study,
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DEB was intraperitoneally administerad to mice (12 injections thrice weekly), vielding total
doses of 1.7 t¢ 192 mg/kg. The compound led 1o an incresse of the incidence nf‘d.werseh.mg .
tumours (Shirkin et al., 1966, cited in LARC, 1999).

The carcinogenic potenicy of EBD has not been investigated.

1.5 Qﬁhnﬂ‘lstive determination of 1,3-buiadiene metabolism

In order to get informstion on the human burden with BD and its metsbolically produced
epoxides, several physiological toxicokinetic models have been developed (Csanidy et al.,
1992; Johansan and Filser, 1993; Pilser et al,, 1993; Kohn and Melaik, 1993; Johanson and
Filser, 1996 and Csanddy et al., 1996), Such models describe the toxicokinetic behaviour of 2
compound in an organism respeciing physiological parametars as blood flow, tissue volumes
etc. The most advanced ones for BD enable to simulate concentrations of BD, EB and DEB in
tissues of mice, rats and s resulting from various exposare conditions (Jobanson and
Filser, 1996; Kohn and Melnik, 1993; Csanidy et al, 1992). For comparable conditions of BD
exposure, these models predict distinctly lower burdens with both epoxides for humans than
for both rodent species rats and mice. Also, adducts of EB to the N-terminal valine of
haemoglobin (Tretyakova et al., 1996), which can be used to estimate the EB burden of biood
resulting from BD exposure, indicate for humans a by far ower EB burden: This burden can
be expressed by the ‘-'haeﬁog]obh'l "bh:ding index”, defined as pmol adducts / {g globin x ppmn
x ). Hacmoglobin binding indices have been determined to be 0.3 - 0.5 in mice and 0.09 - 03
in rats but only 0.0005 - 0.004 in kumans (Tretyskova et al., 1996). Only limited dats are
reported on adducts of the intermediste EBD an the N-terminal valine of haemoglobin. No
findings have been published on DEB in humans. Due to these gaps of knowledge a rational,
on mechanistic data based estimate of the carcinogenic human risk (the dose dapendent
* probability of gerting cancer) from BD) is not yet possible,

In order to obtain the required knowledge on the BD related tissue burden by EB, DEB and
* EBD, the isolated, once through pefused liver can be used according o Bitzenhofer (1993).
Livers of rodents cen easily be gained amd also fresh iiver pieces of human donots can be
obtained occasionally from medical explantations. The perfused liver system has several -
advantages over ofher in-vitro systems; it can be considered as an ex-vivo system. BD and its
mwtabolites can: be delivered to the liver similar to the in-vivo sitaation. The highly complex




kipetic interactions of BD aud its. metnbolites (szveral of them being metabolised
simultaneously by the same enzymes) can proceed as-in vivo and the resulting mixture '
ierving the liver can be divecily determined from the effiuent, The obiained data can be.
incorporated into a physiologic toxicokinetic mode] for BD and the resulting body and tissue
burden by.the investigated metaboliies can be predicted for different situati.ons-oi in-vivo
exposure 1o BD. However, in arder 1o determine quentitatively all of the BD-metabolites

mentioned above from small perfusate samples of BD perfused livers, highly sensitive,

selective and easy to handle methods ars required. :

L& Available asalyticil methods for determining 1,3-butadiene amd selected
metabolites -

Several analytical methads have been published describing the quantitative determinstion of
EB, CA, DE.B, B-diolandEBDmholog]mlmdehmmeﬂwdsmshorﬂydesmbed
below. _
Various a.nalytlcal procedures are available for the determination of BD. Bechtold et al.
(1995) described a sensitive and selective method for BD deterntination from blood sampies
~ of rats and mice exposed to low BD concentrations. In order to achieve sufficient sensitivity,
" the blood samples were vacuum distilled (so that BD and its volatile metabolites were
separated from the non-volatile .ones) and the £aseous dlsu]late was condensed. in & cold trap
held at —196°C by liquid nitrogen. Analysis was carried out by using a gas chromatograph
~ equipped with a mass specu'ometm detector (GCIGCMS) BD was niso detected from blood .
- {Sato and Nakajima, 1979; Himmelsisin et al., 1994; Himmélatein et 4l., 1996), rodent lung
and liver samples (Himmelstein et al., 1995; Hiinmelstein et al., 1996) and from simulated
saliva in contact with chewing gum (Abrantes et al., 2000) by using simple headspace
methods and gas cluumawgmphs eqmpped with flame ionisation detectors (GCIFID) To
" determine the average contamination levels of sirborne B miaclonwprooessmgrubbe;aud
plastics containing BD, Yoshids et al. (2002) collected air samples for 10 minutes with a
charcoal tbe and a poriable small pump adjusted 1o a certain flow rate. The samples were
subjected 10 GC/MS after thermal desomption from the charcoal. Meischner (I999)detemiined
actual atmospheric co:_:_cgn_traﬁoné of BD by directly Eoilecl:ing 4ir samples with disposable
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 polypropylenc syringes and injecting the gas sxmples onto the column of a GC/FID via a gas
loop. '

Far detE_nninalion of EB from rodent blood (Himmelstein <t al., 1994; Himmelstein et al,,
1996; Leavens et al., 1996) and from rodent lung and liver (Himmelstein et ai.; 1995,
. Himmelstein et al,, 1996), samples were exiracted with dichloromethane and analysed using
GC/MS running in the electron impact {El) jonisatjon mode. EMarra et al. {1991) analysed EB
and CA from toluenc sxtracts of Tat liver microsomes exposed to BD by GC/FID. Cheng and
Ruth (1993) determined the same compoands from microscmal incubations by headspace
analysis with GC/FID. For BB determination from rodent tissues Thorton-Mapning et al.
{19952) used.a vactum line-cryogenic distillation followed by GCAGC/MS analysis. A similar
procedure was used by Bechiold et al. (1995) for the determination of EB from blood
samples. _
Like ERB, similar procedures have been reporied for the determination of DEB from blood -
(Himmelstein et al., 1994; Himmelstein et al,, 1596; Leavens et al., 1596) and from rodent
lung and liver samples (Himmelsiein et al,, 1995; Himmelstein et al., 1996). The samples
were extracted with dichloromethane and analysed by GC/MS in the ET mode. Krause and
Elfarra (19974) and Cheng and Ruth (1993} published a GC/FID method for DEB
determination from liver microsomes afier exiraction with ethyl aceiste. DEB was also
detected by a more complicated method from blood sampies {Bechtol et al., 1995) and from
todent tissues (Thornton-Mamning et al,, 1995a) exposed to BD. The samples wete subjected
to vacomm distillation where the volatile BD metabolites were separsted from the non-valatile
omes. mmmmmmmammmﬂa—m%wmd
nitrogen and analysed using a GC/GC/MS. )
B-diol was determined ﬁ-omraturmefoﬂomngex&aclmmthlpmpano]andamh’smby
GC/FID (Anttinen-Kiemetti. . et al., 1999). Kemper et al. (1998) published a methad for the
determination of B-dlo] from blood samples by solid phase exiraction with ethyl acetate
followed - by derivatisation with N,O-bis(tﬂﬁiethylsiiyl}tﬂﬂuoroacetamide and
trimethylchlorosilane and analysed by GC/MS, Cheng and Ruth (1993) specified a direct
extraction method with sthyl acetate followed by detection of B-dio] with GC/FID.

Fbrowpu:pom,aﬂnfﬂmsemeﬁmdsmeiﬂmrmlselecﬁwwnmmemugh.
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" For EBD, no reliable anslytical method has been published though its detection as a BD
metabolite: in liver microsomal incubations have been clsimed by Cheng and Ruth (1993) (for
further explanation see discussion). This epoxide could represent a toxicological important
not investigated metabolite of BD, since in a binding study in rats and in few hurnans exposed
to BD, high levek of adducts tb__ N-terminal valine of hzemoglobin .(N-(2,3,4-
lrihydroxybutyl)va]ine) were determined, which could result from EBD (Perez et at., 1997;
Begemann ¢t al., 2001). Thete were 30 times {rats) and about 70 times (humans) ]ngher
binding levels of this adduct than of those resulting fom EB.

The following wotk is part of a bigger study aimed to-quantify the tiody and tissve burden of
. BD exposed mice, rats and humans by several mutagenic BD metabolites (EB, CA, DEB,

EBD) and by the metabolic intermediate B-diol with the final goal to elaborate the

catcmogmcnskofBDwtposed humans based on the omcome of long-ierm animal exposire
experiments,

The focus of the present work is to develop simple, fast, selective and sensitive analytical

methods for the detection of BD and the selected metabolites in micro amounts (picogram)

from perfusate samples of isolated, perfused rat mnd mouse livers.

At first, 2 headspace metbod hed to be developed using GC/FID to measure BD concentration
in the perfusaie of perfused livers. Furthermore, selective and sensitive analytical methods
had to be- deve]oped for each of the selected metabolites, EB, CA, DEB B- dlo! and EBD,

. Which allow to determine their concentrations in the liver perﬁ.nsat&
Forthesomewhathpop]ﬁhcoompoundsﬁB,CAmdDEB thcanalyhcalprooedmsoughtlo
bebasedmmedlmﬂexumonoithema]ylesﬁmthepwﬁlmwnhdlch]ommm
foliowed by GC/MS- analysis The highly hydrophilic compounds B-diol and EBD were
mtcndedmhedenmdﬁmntheperﬁmmeasbmonﬁtﬂsmdmalysedbyGCMSaﬁm
extraction with ethy] acetate, )

Finally, the estabhshed methods had to be appl:ed to lhe perﬁ.lsed liver system, thus enahhng
] thequanmofBDlogeth«mlhﬂlesdecwdmbo]ms. :

10
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: Materials and MM

21 Materials

211 Chemmh

The purity of the chemicals, if not specifically mentioned, is of highest enalytical

grade

Acelone PESIANAL‘ . Riedel-de Hagn, Seelze

Acetonfirile, Chromasoly - Riedel-de-Haen, Seslze
Albumin, Fraction V, No. A-2153,96% ~ Sigma-Aldrich,Deisenhofen
Ammonia, 3.6 o ' Linde, Minchen
1,3-Butadiene,2.5 Linde, Miinchen
(R.S3-Butene-1,2-iol, 98 % Etnka-Chemie, Neufahm
3Butene-1,2-diol-Dy, 98 % Synthon, Augsburg
n-Butylboronic acid, 97 % Sigma-Aldrich, Steinheim
Calcium chloride. S o Merck, Damsiadt
Calejum chioride dihydrate " Merck, Dermstadt
Chloroform, SupaSolv® - Metck, Darmstadt
Crotonaldehyde, 99.5 %, §/Zisomer=  Fiuka, Steinkeim
1:25 : . _ )
racemic 1,2:3,4-Diepoxybutzme ,99.5 %, Aldrich, Steinheim
1,2:3.4-Diepoxybulane-D$, 98%, meso / Synthor, Augsburg
racemic = 1:1 . . .
Diethyl maleate, 95 % ' Merck, Darmstadt
2.7 Dimethoxypropane * Sigma-Aldrich, Steinhoim
N,N-dimethylformaraide , > 99.8.% Fluka, Steinheim
Dimethylsulphoxide, 99.7 % Fluka, Steinheim
©1,2Epoxybumane, 99+ %, Sigma-Aldrich, Stainheim
3,4-Epoxy-1,2-butanediol, 98%, mesa / Synthon, Augsburg

racemic (R:8) = L:1:1
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' 3,4-Epouy-1.2-butanediol-Dy, 95 %,
meso / racemic (R:8) = L1
1,2-Epoxy-3-butene 98 %
meso-Erythritel, 95 %

Ethanol
Ethyl acetate .
Fotene® ﬁsnﬂmﬂﬂej -
"Giucose monohydrate
Heliom 5.0
Hexane PESTANAL® '
 Hydioclilorcacid,~ 10 mobL
Hydvogen 5.0
Nef2-Hydroxyethyllpiperazine-N"-{2-
ethane-suifonic acid, HEPES
Krebs-Henseleit-Buffer-Powder
Liquemin® N 25000

Magnesium sulfste, anhydrous
Methane, 4.3

Methanol

Methylenchloride
Multi-Enzyme, LIN-TROL®

* Nitrogen 5.0
. Perchloric acid
' Potassium carbonate
Potassium chlorids -
: Pommum phosphate, monobasic
2-Propanol, SupraSolv® _
Sodium bicarbongte .
Sodium chloride
Sodium hydroxide

Symkﬁssburg. -

Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinkeim "

. Merck, Damnstads

Riedel-de Hodn, Seelze -
Abbott, Wieshaden
Merck, Damstade
Linde, Miinchen _
Ricdel-de-Hatn, Seelze

Linde, Ménchen _
Sigma-Aldrich, Stcinheim,

Sigma, Deisenbofen
Hoffmann- I.a Roche,
Grenzach-Wyhlen

Mezck, Darmstadt

Linde, Miinchen

Merck, Darmstadt

Riede] de Haén, Seclze
Sigma Diagnostics Inc., St
Lovis, USA - '

* Linde, Métachen

Aldrich, Steinheim
Merck, Darmstadt

) Mei'ck,'Dalmstadl_: _
" Merek, Darmsidt

Merck, Darmstadt, -
Merck, Darmstadt
Metck, Darrasiadt -
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Sodium thiocyanide, >98.0 %,
Synthetic Air
Test-Kit 826-A “Laciate™

© Test-Kit 726-UV “Pyruvate”

n,L-Threitol (D.L-THR), 97 %
Trifluroscetic acid, >%9.06 %
- bis(TrimethylsiliyDtrifluorcacetamide
/ Trimethylchlorsilane, 9971,

Water, deionized '

Xylitol, 99 %

Handling of all chemicals during differeat sample preparations was carried out wnder the hood
as far as possible. ’

212 Instruments

Analytical gystems:

(ias Chromatograph with Flame
Tlonization Detector '
GC-8A Gaschromatograph

Irtegrator, C-R5A Chromatopac
Stainless steel column packed with Tenax
TA, 60-80 mesh, 3,5m - .

% 1/8” % 2 1 58 (T = 375 °C)

Gas Chromatograph with Mass
Spectrometer .

Gas chromatograph, HP 6890
Mass Selsctive Detector, HP 3973

Sigma-Aldrich, Steinheim
Linde, Miinchen

Sigma Diagnostics Inc., St.
Louis, USA

Sigma Diagnostics Inc., St.
Louis, USA
Sigma-Aldrich, Steiheim
Fluke, Steinbeim
Sigma-Aldrich, Steinheim

GSF, Neuterberg
Sigma-Aldrich, Steinheim

Shimadzn, Duisburg

Agilent Technologies,
Waldbronn
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Hewleﬂ Packard Spemal Perfonnance

Capillary Column: HP-5MS,
(Crosslinked 5% Ph Me Slloxane),
Wmx025mmx1.0 p.m

Zebron ZB-5 fused stlma capillary
cojumm, 30 m x0.25 mm 1D, film
thickness of 1.00 pm

Pre-colutmn, firsed Silica Rohr032 mam,
ID: 5m

Coluenn Connector, press-fit

Chemical lonization Gas Purifier
MS Gas Purifier

Ionization Geuge Controller

HP Chemstation B.(2.05

Oz and H0 purifier: OMI®1

il Pump Filter
Spectraphotometer Lambda 5
Computers and Soﬁws_sres

Computers
Hewlett Packa:d, Kayak XA

Apple Macintosh, G-3
Macintosh Powerbook 540¢-
Printers

HP laser Jet-4000 PCI 5e

HP laser Jet IIP

14

. Agilmt Technolcgles
Waldbronn

'l‘inrmeuem,Egelsbach .

Agilu:lTechnologws,

o Wa]dbmnn

Supelco, Bellefonte, PA,
UsA _

Perkin Elmer, Uberlingen _

 Agilent Technologies,

Waldbronn .
Apple Inc, Cupertino, USA
Apple Inc, Cupertino, USA

Hewlet: Packard,
Waldbronn
Hewleti Packard,
Waldbronn
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Software
Adobe Mtustrator 9.0.2

C8C Chemdraw 3.1

Endnote 4.0.1
Mac Draw Pro 1.5 Dv2

" Microsoft Office 2001

‘Nist Standard Reference Database IA
NIST/EPA/NIH ruass Spectral
Librazay (NIST°98) and NIST mass
Speciral Search Programme 1.6
Sigma Plot 4.17

Exposure system

Liver chamber, rat liver, glass, 463 mL

Liver chamber, monse liver, glass,
C2062ml :

Oxygenator, glass

Desiceatar, glass,6430 ml., 300 mL

Large round bottom flask, 67655 mL

Pumps '

-Diaphragm parap, N 726.3 FT.18 with

tefloy-coated membrane

-Peristaltic pump

Surgical Instruments

Disgecting Instraments

Indwelling cannula Introcan®-W, 24 G,
34", 0.7 x 19 mm

Adobe Systems
Incorporated, USA
Cambridge Scientific
Computing Inc, UsSA

18T Reasearch Soft, USA
Claris Corp..Santa Clara,,
Usa

Microsoft Corporation,
UsA

Natonal Instite of

Standards and Techaology,

USA

Jandel, Erkrath, USA

Kuglsiarer, Garching

| Kiglstatter, L

Kugletaner, Garcking

KNF Neuberger Freiburg

Roth, Karlsruhe

Aesculap, Tuttingen

B.Braun, Mdsmgen
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- Preparation table for rats

Sewing Cotton Silksm®, metric 3, USP
w, '
Silicons tubes, different diameters

Laboratory instruments

Beaker, glass, 100 mL, 300 mL, 5000 -
mE _
Biuko-bestles, glass, 1000 L.

Biofuge B

Variofuge 20

EBA I2R

Sigma 4K10

Cryostate, RM6 T-

Cuvets ; suprasil®, plass, 1.8 mL.,
thickness 1.0em
Eppendorf-cups, 1.5 tal, 2ml

Filwrpaper,di_a: 150 & 270 mm; 59512

&St
Fiowmeter D1 GAIZION

Fissk, piass, conical, 5000 mL
Funnel, glass, diameter 14.5 om
Inserss; glass, copical microinsents, 6
mm, 0 ml, 15mmtp :
Magneiic Fish -

Magnetic Stirrer, M5 CAT

GSF-Workshop,

‘Neuherberg
B. Braun Surgical,

K&K Laborbedarf,

Duran, Schott, Mainz

UnderschleiBheim

' Hﬁaem.Sehatech, Osterods

Heraeus Sepaiech, Osterode
Hettich, Tuttingen

Sigma, Osternde

Lauds Kivigshohen
Perkin Elmer, {Tberlingen

Schleicher & Schuell,

" ‘Dassel

Fischer-Porter; Gattingen
Duram Schott, Mainz
GSF-Stare, Neuherberg
K & K Laborbedatf,
Minchen

M Zipperer, Staufen-

- Etzenbach
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Manual crimper for 11 mm caps

Measuring cylinder, plass, 10, 50, 2000
oL !
Needle, disposable, 0.90 x 40 mm, 0.45 x
" 12mm, 120 x 40 mm
Pastenr pipettes, lengh 23 em
pH meter, Knick 646
pH- Electrode In lab®

Pipe for Bluko bottles; 1 Donafix
Pipétting devices _
Pipette, 0.5-10 uL, 200 uL and 1000 uL
Standardtips, 10 kL, 200 ul, 1000 uL.
Polyethylene Bonl&s , Kautex®, 2L
Reagent bottle, glass, 500 mL, 5000 mL
‘Sample concentrator

Septa CS, silicone, teflon coated, GL, 14
‘Syringes S
Omuifix-F Solo, disposable, 1,3 & 10
al, .

HP amtosampler syringe, 5 aud 10 4L,
with tapered needle for 0,32 mm ID
gohunn )
Hamilton syringe, gas tight, 10 and 100
and 1000 p. :
Test tobes; 16 X 160 mm

Thermometer

Thermostat _
Thermostat M3, for spectrophotometer
Ultrasonicator, Sonorex TK 30

Agilent Techmologies,
Wakibronn

B. Brann, Melsungen

GSF-store, Neuherbexg
Knick, Berlin -~
Mettler Toledo, Urdott,
Switzerland '
B.Braun Nleisnngen

Eppendotf, Hamburg
GSF- stote, Neuhetberg
Schett, Mainz

Alltech, Unterhaching
SGE, Weiterstadt

Braun, Melsungen

Agilemt Technologies,
Waldorom, Germany

GSF-store; Newberberg
K&K Laborbeddar,
Munchen

Haake / Fisons, Karlsruhe
Landa, Kénigshofen
Bandelin Electronics, Berlin
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Vitex, VF2

Janke & Kunkel, Stavifen.

Vials .
Cenirifuge vials, glass, round botiom, K&K Laborbedarf, -
6mi and 45 mal, with thread for screw Miinchen
caps, 6 mU/GL 14 and 45 mU/GL 25
Headspace vials, glass, 7.5-7.9 mL, with K&K Labotbedarf,
tim for clamp caps, butyl / PTFE septum, Miinchen
20 mm )
Injection: vials, glass, clear, 2 mL, with Wicom, Heppenheim
crimp caps (alominium) 11 mm with S
Sampie vials, glass, clear, 16 mL, 17 x 21 K&K Laborbedarf,
mun, thread 18400 with screw caps Miinchen
- Sample vial, glass, brown, 1 mL, screw K&K Laborbedarf,
caps with buiyl-teflon septa Miinchen
Water bath, GFL 1083 - GFL, Burgwedel
Weighing balance, A 2}0-P and BL 600 Sartorius, Gattingen

- Anfmals

For the preparation of the isotated perfused liver, male Sprague-Dawley rats (200-300 g) and
- male B6C3FL mice (22 and 24 ) from Charles River, Sulzfeld, Germasy, were used. The
animels were housed in macrolon cages Typ i, 2t a constant room temperature (23°C) and a
telatively constant humnidity of 50 %. A light and dark ¢ycle of 12 hours was maintzined. In a
cageeilher’tvééraismﬁvenﬁoewmkeptataﬁm&Theéagxmeplaw&intheTopFlow
System IVC of Tecniplast, Buguggiate, ltaly. Animals were fed with standard diet 1324 of
Altromin, Lage, and tap water ad libitur. : '
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12 Methods
1.2.1 Preparation of perfusaie

The perfusate was required for the perfusion experiments (2.2.4) and for sample preparationz
(2.2.2.1 10 222.6). The perfusate was prepared according to (Bitzenhofer, 1093}, The
eryihrocytes were isolated from bovine blood, which was collected from the slauphter house
in Munich. To prevent biood clotting, the blood was added 1o Liquemin N25000 (5000 L.E:
heparin/mL), resulting in s bepasin concentration of 30 1E/mL blood. Thereafter, the blood
was centrifoged with 2940 rpm (2000 x g) for 11 min at 20°C using 2 Variofuge 20RS
centrifuge. The residual erythrocyte suspension was washed thrice with Krebs-Henseleit
buffer (9.55 g/L Krebs-Henseleit buffer powder, sodium bicarbonste 2.1 /L. (0.25 mol/L),
© 0.373 /L {0.025 mol/L) calcium chloride dilydrate, adjusted to a pH of 7.4} using a buffer to
erythrocyte ratio of 2 1o 1 and the clear supernaianis were discarded. In order to prepare the
perfusate, the total volume of the required Krebs-Henseleit buffer (usually 1000 ml) was
divided equally into two parts. To one part, the washed residual erythrocyte suspension was
added (usually 666 mL) and to the other part alburnin was added while being mzgnetically
stirred, till everything got dissolved. The two parts were then mixed and the pH of the
solution was adjusted 1o 7.4; This perfusate comprised of solution with 40% (v/v) washed
residual erytiwocyte suspension and 1% (w/v} albumin, with the physiological pH of 7.4,

122 Determimation of 1,3-butadiene apd sclecied metabolifes

This section deals with the analytics of BD and selected metabolites, (EB, CA, DEB, B-diol
and EBD). Sample preparation from the perfusate, gas chromutographic methods adopted for
their identification and the procedures followed for establishing the proportionality between
the analyte concentration and the detector signal along with its sensitivity check are dealt with
here. The methods for determination of the recovery of the analytes from the perfusate, the
reproducibility of the GC/MS and the exuaﬂion.fdﬁiwﬁsgﬁon methods and a}so. the methods
adopted for the stability measurements of the anatytes in the perfusate are discussed in this

section.

19
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. BD being a gas and its metabolnes bemg volat;]e and reactive with mutagemc and -

carcinogenic charactarestics were always handled under the hood.

2221 1,3-Butadiene

. . To avold an overpressure in the vials, a syringe needle was put through the septum of each . - --

Sample preparation and headspace amalysis of BD
BD was measured from the perfusate by using the hesdspace method. For this purpose 1 mL
of perfusate sample was injected to a gastight 7.5.7.9 mL headspace vial through the taflon

coated rubber septum with a disposable Braup syringe (2 mL syringe with 2 0.55 x 25 needle),

vial immediately before the injection of the perﬁ.mte and drawn out together with the sample

_ syringe riglit after the sample lguec_;q_on. The exact Wstghl of the sample was measured and its

volume was calculated. The vial was then shaken in 2 water bath at 37°C umi] equilibrivm
was reached between the gas and the liquid phase afier 150 min. The BD concentration in the

gas phase was determined by injecting 25 uL. of the gas phase inte the GC/FID, The BD

* concentratioh in the liquid phase &t equilibrium was calculated vin the partition coefficient

(Mpertusmeain)- Th'esw'n'ot‘meBDamomntinthcpe:fusaiemdinmeah’ate'qui]ibriumgavethe

_ initial BD amount in the sample. The following equatwns are used for the determination of

initial BD concentration i the perfusate.

nitial amounst of BD in the perfosaic = Amount of BD in the perfusate at
' equilibrium + Amomnt of BD in the ges

phase at equilitrim
Vi X = Vpue * D+ VX CBD | 0
- T+ CRpx T8y e . @
o m (CHEx N+ (OIS R

_ " Vpar _ o . :
fod initial B concentration in the perfusate expressed in ppm

- 20
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i BDoonoenmﬁminlhegasphaseaﬂe:mubaﬁonofﬁeheadsmvialéfor
150 minuies expressed in ppm

s BD concentration in the perfusate afier incubation of the headspace viats for
150 minwtes expressed in ppm

F partition coeflicient perfusate:air at 37°C = 0,63 = 0.07 (see 3._1.1)
3m S0

Cfi
Vs volume of gas phase in mL
Vier volume of perfusate in mL

.Cf-%  BD concentration in the perfusate at equilibritm in ppm
Determination of the partition coefficient (Apertussusiv) of BD

‘For determination of the partition coefficient an 800 mL desiccator was filled with about 500
" mlL perfusate and 4 mi of 61260 ppm gaseous BD (prepered in an 816 mL desiccator after
. introduction of 50 mL pure gaseous BD from BD gas cylinder with a 50 mL disposable
syringe through a teflon coated rubber septuti) was added to the desiccator with a 5 mL
. disposable syringe, vielding en initial BD concentration of 800 ppm. Whils the dessicator was
" shaken in a water beth at 37°C for about 6.5 h, the BD concentration in the gas phase was

monitored by analysing 25uL eir samples with the GC/FID, The valus of the partition
coefficient was calculated in analogy to the two compartment mode] as described in Filser et

al. {1992). In this model, one compartment represenied the gas phase and the other, the

perfusate, which was enriched with BD from the gas phase over the time period iill

equiliteium was reached. Curve fit of BD concentration against the tine range was caried ot

acoording to the following equation:
Cepy=CiE PGy @

ty:  BD concentration at tite point () in ppm

i:  rate constant in b!

Cy:-  BD concentration at equilibrium in ppm

21
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- €y Difference between the initial BD concentration end coneentration at equilibrium in

: .Quant.hat_ion of BD by GC/FID

BD was analysed using 8 GC-8A gas chromatograph equipped with a flame jonisation.
detector (Shimadzn, Duisburg, Germany) according to Johanson and Filser (1993). Of the gas
phase, 25 L (from the headspace vials) and 200 ul {from the liver chamber and from the
environment) of the gaseous samples were injected via an on-colump injection port and
separated on'a stainless steel column (3.5 m x 1/8" x 2 mm) packed with Tenax TA, 60-80
mesh (Chrompack, Frankfurt 2. M.). The camier gas was nirogen 5.0 and the flow-rate was
Xept at 26.5 mLmin with & column pressure of 3.75 kg/em®. The oven temperature was
. maintained constant at 120 °C. The injector and the detector were heated to 200°C. Hydrogen
5.0 (pressure: 0.6 kg/om®) and'-sfn;hetic' it (pressure: 0.6 kg/em?) were used as detector
gases. The GC polarity was adjusted positive with range 10 and with attenuation 1. The..
detector signal was recorded with a C-R$A integrator (Shimadzy, Duisburg). '

Calibratien of BD

Calibration curves were obtained by plotting the absolute peak area (obtained on injecting

'25 uL gas samples of kniows BD concentrations in the GC) against the BD concentrations, -
For this purpose, various BD concentrations were adjusted in desicoators (see equation 5) by
injecting definite volumes of pure gasecovs BD obiained from & BD gas cylmder inta the
desiceators with dlsposable syringss.

votume of BD[mL] _ . <6 (5) o

-sulting BD cancentration in the desiccat
Resulting BD tration in the desiccator {ppm] = Volurae of deslocator fmL]

10°: multiplication factor for conversion to ppm

Homogenons aimosphere in the desicoator containing BD was achicved with the help of a

- magnetic stitrer. Gassamplaswmmthdrawnﬁ-omthedmocawrsd:mughdwteﬂmmawd

rubber septum using Hamilton syringes and were injected directly ofito GC column. Sample
analysis was carried out as described previously. The calibration curves were inspected for
linearity and sensitivity. The detection limit was defined as a signal to noiss ratio of 3 1o 1.
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On each day of liver perfosion, a ope-point calileation was carried out wsing a desiccator
containing 2 defined BD concentration. Each concentration was anglysed thrice. The mean of
the three determinations was calculated. A raultiplication factor was ealeulated by dividing
" concentration of BD (expressed in ppm) in the desiccator with the mean of peak area o
height. This multiplication factor was utilized to caleulate the BD concentration in the
gaseous phase of the headspace vials taking into consideration the peak ares or height
according o the following equation:
BD concentration in ppm = {multiplication factor) x (peak areatheight) - ©(6)

. 2222 1,2-Epoxy-3-butene and crotonaldebyde

Sample prepuration

" Perfusate samples were taken from the liver pﬁﬁm system with a 1 mL disposable syringe

(connected to 4 0.45 x 12 mm needie), which was filled before with 10 pl of the 1 moblL

. diethyl maleate solution, resulting in & final concentration of 10 mmol/L diethy! maleate in 2

.1 mL. perfusate sample. The diethy} maleate depleted the GSH in the eryitrocytes of the

. perfasion medium in the syringe. By this procedure the conjugation of GSH with EB could be

:avmded The ] vamlwasmpcappadmedmalyaﬁeﬂhepuﬁJmewasmsfmedm

it. 'Ihereaﬁer, the exact perfusate volume was determined from the measured perfasate
weigin,

The stock solutions of EB, CA and their internal standard 1,2-cpoxybutane in ethanol were

prepared fresh on each day of the perfusion experiments. With a 1000 uL Hamilton syringe,
: IOOOuLQfﬂhmolwasaddadlanmLinjecﬁdnvialmdMimnwdi@yMﬁam‘hnp
“cap. Via the septum 10 pL of pure anslytes were added with & 10 pL gastight Hamilton
* syringe to achieve the required concentration in the swock solutions. This procedure was
followed taking into consideration the relatively high volafility of the analytes. Calibration
~ samples in thc perfusate were prepared by spiking | mL of perfusate (already containing 10
UL of | mokL diethyl maleste) with definite volumes of defined concentrations of ethanolic
‘analyte solutions obtained on dilution of the stock solutions. '
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" The liver perfusion and the calibration samples were spiked with 10 kL of 4600 wmol/L

ethanolic 1,2-epoxybutane solution via the septum using a 10 pL Hamiilton syringe. After
shaking, the perfusate samples were taken out of the vials with I mL disposable syringes

. (connected to a 0.45 x 12 mm needle). For pressure compensation a second needlle (1:20 x 40

mm) vas passed simultaneously through the septum. The samples were transferred into 1.5

. mL Eppendorf cups, which contained 200 uL dichloromethane and were closed immediately.

The mixtures were vortexed for about 1 puin and centrifuged for 4 min 2t 21910 x g with the
centrifuge EBAIZR, Hettich, Germany. The Eppendorf cups were then cooled to 0°C on ice
for two minuies. Then, about 100 uL of the dichloromathane layers (lower layer) were -

' trangferred into injection bottles equipped with 0.1 mL glass inserts using 100 pL Hamilton
 syringes. The injection bottles wers closed immediatsly with crifip caps (siticon s:lmml) and

the samples were analysed by GC/MS.

Gas chmmutography

‘EB, CA and 1 2-epoxybutann were analysed usmg 2 gas chromatograph HP 6890 (Agxlem

Technolagies, Waldbronn) equipped with a HP 5973 mass spectrometric detector (Ag:lem

' Technologies, Waldbronm). Theoompomﬂswmma!ymdmlhepomﬂwchemcalmahun

{PCT) mode. The analytes were separated on a Zebron ZB-5 fused silica capiliary column (30
mx 025 mm ID, film thickness of 1.00 wm) or alternatively, on a HP-5MS crosslinked 5%
Ph Me Sitoxane capiliary column { 30 m x 0.25 mm x 1.00 pm }, which were protecied by a
pre-column (fused silica capillary, deactivated). The parameters of the method used for
sample analysis are stated in Table 1. The jons mz = 43, 55, 7) and 73 were messured in the

- single ion monitoring (SIM) mode. ForquantiﬁcalionofBBandCA jon'miz = 71 was

uttlized, while ion m/z = 55 was used 10 quantify l,2-epoxybuime, For quantitative anelysis,
the peak ratio of EB or CA to 1,2-epoxybutane {comected erea) was used acoording to the
follomng formula:

EB:

- {(area ofEBfnrmfz-‘!l) = M
(area of 1,2 - epoxybutane for m/z = 55) x (volume of perfusate in mL}
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- Ca:

{area of CA for m/z=71) ®

Coirected -
150" rea of 1,2 - epoxybutune for miz = 55) x (volume of perfusate in mL)

To maintain exactly the same concentration of the internal standard in each of the samples so -

thatthe]mk ratios of the EB or CA to 1,2-epoxybutane followed a steady relationship in each
swnple, the exact perfusate volume in the denominator of ihe above equation was essential.
mmlibrmmwmwmmspecwdforhnmtymdtwny The detection limit was
daﬁnedasasmnulwmmemuoﬁtol

Methed mluaﬁon

Determination of the extraction factors of EB, CA and 12-epoxybutane from perfusaie

Since EB, CA end ),2-spoxybutane were extracted from the perfusate with the help of |

dichloromethane, a set of experiments were cartied out to investigate the extraction factors of
these analyies from the pexfisate.

Calibration samples were prepared directly in dichloromethane. EB concentration ranged
from 0.012 t0 49.2 jrmoliL, CA from 0.012 10 48.2 ymok/L and that of 1,2-epoxybutane from
0.012 to 46 pmol/L. To 1 mL of peifusate known amounts of ethanolic EB, CA and 1.2-
epoxybutane solutions were added, Groups of ~48 purmol/L, ~12 pmol/L, snd blank (only with
1 L of perfusate) of EB and CA. and ~45 wmol/L, 11 pmoUL and blank (only with 1 L of
perfisaie) of 1,2-¢poxybutane were prepared. These perfusaie samples were then processed in
the similar manner as described above by extracting the analytes with 200 ul
dichloromethane, All experiments were carriod out in wriplicates, The dichloromethane layer
of these samples and the calibtation samples were then analysed by the method deseribed in
Table 1. The calibration curvas were used 1o caloulate the concentrations of the apalytes in
the perfusate samples. Thereafier, the extraction factors were obtained by dividing the
calcnlated amounts by the initially spiked ones.
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Stabilities of EB atid CA in the dichloromethane Jayer

'Anaiy_sis of EB, CA and 1,2-epoxybutane was started on the perfusion day. During analysis,
the samples Temained on the awtosampler tray for up to one day at room temperaure. Due fo °

the \ro!anhty of the compounds, it was necessary to know their stability in dichloromethane at

mmm:pmmmemdwhahermedldﬂommeﬂumlayetwulda]sobestomdﬂ-SD“Cfm
later anatysis. The following expériments were camied out.

Calibration samples containing EB and CA were prepared in 1 mL perfisates with defined
conistant concentration of 1,2:¢poxybutane in all of them, The concentrations of EB and CA

- varied from 0.006 to 54 umol/L with ~40 wmolAL of 1,2-epoxybutens. A.ﬁeremracuonmth -

dichleromethane, sa.mplcs were subjected to GC/MS analyms

C F&rﬁle siability experiments,avialo_fabout 15 m]..perﬁ.lsaie containing 150 pL diethyl

maleate (1 mol'L) was peepared. To this a certain amount of analytes were added with nearly

. a constant concentration of I.2-epoxybutane (30 pmol/L). The solution was distributed

equally in 1 mL aliquots into 1.5 mL Eppendorf cups containing 200 uL, dichloromethane,
which were immediately closed. Extraction was carried out as described before. The orpamic

. layer was divided in threc groups consisting of 3 Eppendorf cups each. The first group was

maumnedirmnedjatelytogeﬂm-withﬂxcah'braﬁmsamples The second group was measwred
Mhaﬂmstandmgatroomtemperamre ‘Ihethm:lgmup storedax—&ﬂ‘Cwasmeasmeda&era

- week., Thmacpemntswerercpeﬂedzumes
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EB, CA and 1,2-epoxybutase

‘Parameters
Column ZB5 or HP-5MS (30 m x 0.25 mm x 1.0 pm)
Gas flow Mode: constant flow: 0.7 mL/min;
‘Nomina) initial pressure: 0.247 bar
Average velocity:30cm/sec
Oven tempetature program S min &t 35 °C, 5 °C/min to 100 °C, held 0.1
-min, 25 °C/min 10 225 *C
Inlet temperarure Oven track mode (3°C above the oven
. temperabare}
Injection mode Cool-on-column
Injection quumz 3ul
Transfer Hne temparamre 250°C
Reagent pas for positive chemical | Methane (flow rate 20%6)
- iemisation (PCI)
Electron energy 150 eV
~ Ions measured in single ion mode | 35, 7,73 . o
" (BIM} :
Ioms wsed for quantification in STM | (E.BéndCA), 55 (1.2-epoxybutane)

Table 1: GC/MS operational conditions for EB, CA and 1,2-epoxybutane
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2223 . 12:34-Dicporybutane
- Purity determination of synthesised per deuterated 1,2:3,4-diepoxybutane

The deuterated 1,2:3,4:diepoxybutane (DEB-D6; 98%) used as the intemal standard for the

analysis of DEB was synthesised by SYNTHON (Augsbrg, Germany). The compound was

identified by GC/MS in comparison with the library searched mass spectrum of the non-

deuterated counterpart. In addition, BC NMR amlysts carried out on a DMX 500 NMR-

Spectrometer (Brucker, Germany) in the laboratory of Dr. Hertkom, (GSF, Neuherberg),
’ cﬁnﬁrmodthechemical structure and revealed o apparent impurity,

Sample prei:mnltion :

The saraple preparation for DEB snd DEB-D6 was similar 1o that of EB and CA, the only
difference being the use of Eppendorf cups in this case insteiad of close crimp cap vials for the
sample preparation. Eppendorf cups could be used sinee the volatility of DEB Is by far less
than that of the two other chemicals. To the 1 mL perfusate samples in 2 mL Eppendorf cups
{both calibration and samples oltained from liver perfusion), containing DEB and 10 mmolL
diethy! maleaie, 10 pL of the 1000 umol(LelhanothEE»Dﬁsoh:uunwasadded using a 10
pL Hamilion syringe. The Eppendorf cups were mmtedrately closed after the addition. The

' exact perfusate volumes were determined from the measurcd perfusate weight, After shakms,

exactly 200 uL dichloromethane was added to the sﬁmples with the help of a Hamilton

syringe. Thcmlxtureswerevnﬂm&ed for about I min and ceairifuged for 4 min at 11000 tpm

" and 0°C. A 100 uL Hamilton syringe was used- to transfer about 100 ul of the
dichloromethane Fayers (lower layer) into mjecuonvm}sequlppedmﬂlﬁl nglass inserts.
The injection bottle was cloged with a crimp cap (silicon septum) and storcd at —80=C for
GCMS a.na]ys:s in the following days : '

Gas chromatography
'I_"he QoS a:_la!ys:is of the diepoxides was carried out in the positive .chen:iic'ﬂ ionisafion

(PCI) mode using ammonia as the réagent gas. Refer Tahle 2 for the parameters of the
GC/MS method. The cool on-column injecter was used in oven irack mode. The anatytes
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were separated on a Zebron ZB-5 fused silica capillary column (30 m % 0.25 mm 1D, film
" thickness of 1.00 pm) or atternatively, on a HP-5MS crossiinked 5% -Ph Me Siloxane
- capillary cohmm (30 m x 0.25 mm x 1.00 um), which were protected by a pre-columm (fosed
silica capillary, deactivated). The DEB-DS6 used for spiking the perfusaie was assumed o be
1:1 mixture of two diastereomeric forms, ihe meso form and the racemate. For DEB, only the
racemate is commercially availble, Therefore, quantitative analysis could only be made for
racemic DEB. Due to their structural similarity, the racemic DEB and racemic DEB-D6 had
nearly the same retention time. They were distinguished by their different masses. The fons.
 miz= 104 and 110 were measured-in the single ion monitoring (STM) mode and were further
used for the quantification of the analytes. The (M+NH.)* ion of DEB had the mass 104 while -
that of DEB-D6 had the mass 110. For quantitative analysis, theé relative peak ares of the
racemic DEB (corrected area) was used. It,was calculated according to the following
 equation:

(ares of moemicDEBfornfz-!M) ©)
{area of racemic DEB = D6 for mfz = 110) x (volume of perfusate)

Corrected area =
volume of perfusate is expressed in mlL

Thecdibraﬁoncmmimpecudfmﬁnw&qandsmsiﬁﬁty.m&twﬁmlimitm
defined as a signal to noise ratioof 3 10 1.

29




* . Materials and Methods .

| DEB 2nd DEB-DG

| Parameters
Colurim ZBS or HP-5MS (30 m x 0.25 mm x 1.0 pm)
Gas flow Mode: constant flow: 0.7 mL/min;
Nominal initial pressure: (.247 bar
Average velocity:30cm/sec
~ Oven temperanure program t min at 40 *C, § *Ci/min to 60 °C, 30
: . °Cfmin to 150 °C, held 1 min, 30 °C/min to
_ 20°C
lnlet'lunpemfnre i Oven track mode (3°C above the oven
temperature) ' )
Ijection volume . |4 p.L .
Transfer line temperature 250 °C
Reagent gas for positive chemical | Ammonia (flow rate 20%)
" ionisation (PCI)
Electron energy _ 150 eV
lons* measnred in single ion mode | 55, 104, 110
{SIM} ' :
Tons used for quantificationin STM | 104 (DEB), 110 (DEB-D6)

Table2:  GC/MS operational corditions for DEB and DEB-D6
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Method evalustion
Determination of the extraction factors of DEB and DEB-D6 from the perfusate

For the determination of the extraction factors of DEB and DEB-Dé from the perfusaie, the

same procedure as deseribed in the cases of EB and CA was followed. Extraction factors wens

determined for the concentration of abowt 48, 14 and 1.4 pmol/L for DEB and of abowt 58, 12
and 1.2 pmoV/L, for DEB-D$ along with a biank (nly 1 mL of perfusats) in each case, The set
of calibration samples prepered in dichloromethane varied in the concentration range of 0.015
to 74 pmolL for DEB along with 0.012 to 61 pmol/L for DEB-DS.

Stability of DEB in the dichloromethane Isyer

A similar procedure as described for EB, CA and 1.2-spoxybutane was followed in case of
DEBR for the determination of its stability in the dichloromethane exteact. On each day of the
stability measurements, calilwation samples were prepared in the perfusate, ranging from
0.006 10 62 pmol/L of DEB with a constant concentration of [1 pmol/L of DEB-D6 in each
of them. Siability of DEB was dctennined for the defined concentrations of 0.1, 1.0 and 12
inol/L in perfusate, each of them being spiked with a constant concentration of 11 imol/L
- DEB-D6,

2.2.2.4 " 3 Butene-1,2-diol

Synthexis and purity defermimations of B-diol and its internal standard perdeuterated
B-diol

B-diol (99%) was synthesized by EMKA Cherme (Neufahrn, Germany). Synthesis of the
intemal standard perdeuterated B-diol (B-diol-D8; 99 %) was carried out by Synthon
(Augsburg, Germany). The compounds B-diol and B-diol-D8 were idantified by GC/MS in
comparison with the library searched mass spectrum of the non-deaterated B-diol. In addition,
B¢ NMR snabysis carried out on a DMXS500 NMR-Spectrometer (Brucker) in the Iaboratory
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Materials and Methods

of Dr. Hertkom, (GSF, Nesherberg), confismed the chemical structutes and reveaiod 80
apparent imputity. '

Samaple preparation

About 6 mL perfus;te'samples were taken from the liver perfusion system with 10 wmL

" disposable syringss {connected to 8 0,43 x 12 mm needleé) containing 60 uL of the 1 mollL

dlethyl maleste solution. The perfusate samples were added immediately to 6 mL screw
capped g]ass centrifugation vials, which were closed lmmedmtely thereafter. Thcm, ﬂ:e exact

- perfusate volume was determined from ihe measured perfusate weight,

The stock solutions of B-diol and B-diol-DB in acetone were prepared fresh on sach day of
the perfusion experiments using 10.uL and 1000 uL Hamilton syringes. Calibration saraples
were prepared by spiking 6 L. of perfusate (containing 60 uL of I moUL diethyl maleate)
with definite volumes of defined concentrations ofmetomc analyte solutions obtamed on

" dilution of the stock solutions,

To 6 mL perfusates containing defined concentrations of B-diol (considered fior calibration of
obtained during liver perfusion experiments) a constant concentration of acetonié B-diol-D8
Guternal stendard) was added (resulting concentration of 5 pmol/L. for rat liver and 17 pmol/L
for mouse liver). The samples were centrifuged at 4044 x g and 0°C for 5 min using a Sigma
4K10 centrifisge. The supernatants were stored af 80 °C. On the day of the measurement,
250 pL of the frozen samples were thawed and treated at room temperature with 250 pL of a
solution .of 9.04 mol/L n-butylboeronic acid in acetone, which-led o the formation of the
corresponding cyclic butylboron esters (Figure 2). The.derivatives were extracted from the

o aé:eionio—'aqueous solution with SOOIuL ethyl acetate. This derivatisation procedure. was .
carried out according to the mcﬂwd desmhed by McCurdy and Everett (1982) and also .
- foliowed: by Bogusz et al. (1985) and for GC analysis ofeihylene glycol. The ethyl acetaie- |

acetone mixture wes then centrifoged with 16250 xgat 0°C for 5 min vsing centrifuge Sigmea

. 4K10to separate ﬁ'om the residual water. The orgamc layer (upper layet) was transfened into
" an autosampler vial and:subjected to GC/MS analys:s The denvansanon was necessa.ry for
GC scpa.mtlon ofthese rather non voianle oompounds : i :
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c.mg-—-—B/ * —_— CgHy—B + 2H,0
_ N h

oBuyboronic adid  RButene-1,2-diol (B-divl) 2-Butyl-d-viny!-[1.3,2]dioaborelane

Figare 2: Reaction of B-diol with n-butylboronic acid
Gas chromategraphy

The othyl acetate extracts (4 pL) contammg both derivatised B-diol and B-diol-D8 were
injected on-column into the GC/MSD. The auslytes were separated on & Zebron ZB-5 fused
silica capitlary column ( 30 m x 0.25 mum ID, film thickness of 1.00 pm) or alternatively, on a
HP-5MS$ crosslinked 5% Ph Me Stloxane capillary colummn (30 m x 0.25 mm x 0.25 pm),

which were protected by a pre-column (fused silica capillary, deactivated). The details of the.

GC method are listed in Table 3, Mass spectrometric apalysis using the positive chemical
ionisation mode with methsme as the reagent gas was carried out for the detection of the
analytes. The (V+H)" ions of derivatised B-diol {m/z =155) amd of B-dicl-D8§ (m/z = 161),

along with the less specific ion of m/z = 109 for B-diol were chosen for their idemtification

and quantification. The mifz = 109 for derivatised B-diol was observed to have 2 good
abimdance and when extracted, no disturbing peaks were observed as it was the case of mfz =
155. 'l‘lmsthem!zionchosmforB-dxol qumhﬁcauunwaslw while in case of B-diol-D$ it
was 161. For quantitative analyeis, the relative pea.kareaof B—dmlwascalculated according
toﬂnefollowmgeqmuu.

. {area of B —diol derivative for vz =109)
(erea of B - diol ~ D8 derivative for m/z =161) » {volume of sampie)

The volume of perfuste was expressed inml

(e

‘Cotrected area m

Thecaiibrsﬁunmweswmeinspecwdfmlhnmindwmiﬁviw‘Thedﬂecﬁonﬁmﬁws
defincd as a signal to noise mtio of 310 1.
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Cyelic butylboron esters of B-dio] and

Parameters
' B-diol-D8
Column ZBS5 or HP-5MS (30 m x 025 mm x 1,0 pm)
Gas flow Mode: constant flow: 0.7 mL/min;
) Nominal initial pressm‘e:_ﬂ.349 bar
Average velocity: 31 cm/sec _
Gven iemperature program 1 min at 65 °C, $ °Cimin 1o 75 °C, 30 °C/min
_ 0 270°C
Inlet temperature Qven track mode (3‘.’C above the oven
"Ihj'ac':tion mddz ' . Ct.)'oi'-m'z-oé]umn .
Injection volune 4l
Transfer line temperature . 280°C
Reagent gas for positive chemical | Methane
Tons measured in single ion mods | 109, 115, 155, 161
{SIM) ) ) :
Jons used for quaptification in SIM | 109 B-diol),

161 (B-diol-D§)

Table3:  GC/MS operationsl conditions for derivatised B-diol and B-diol-D8
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Method evaluation
Determination of the extraction factor of B-diol from the perfusate

Perfusate samples and water samples {6 mL) containing known concentrations of B-dio] and
B-diol-Dg {0, 0.6, 6, 12, and 54 pmol/L) were prepared in triplicates. In order to determine
the extraction efficiency, these sémpla were compared 1o those, which were prepared in purs
acetone comtaining both B-diol and B-diol-Df (varied from 0 to 120 pmoil/L). For the
derivatisation, 250 uL of water, perfusate supernatant end acetone samples {containing
defined concentrations of B-dicl and B-diol-D8) were taken and derivatised with n-
bmy!hmmc acid and extracted with ethylacetate as described previously.

A dilution facter was determined, since the water and perfusate samples with ethyl acetate
mmlwdmmmphases(aqneousandorganicphnse)whemsawonic'samphs gave a single
organic layer. Thevn]umeofthcorgamcphaseobmuwdﬁomdwwmﬁandperﬁamemmples
was determined to be 662 pl. by a Hamilton syringe.

mmmofmmmmdwﬂmwdeummedwof
the calibration curves of B-diol relative to that of B-diol-D8, obtained in the perfusaie (my),
wamr(mw)mdm(nh)bymdmngﬂmrmpecmedﬂmfacmrmmdmgmm :
.follomngequatmns '

_Eamcuonhctor“;g=w ) (11}
1000 *m :
- _ 662 x '
Extraction factor pefese = ———— 2 1z
_ 1000 xm, .

Due 1o some analytical problems, the extraction method followed here is diferent from those
followed in case of EB, CA and DEB. Instead of considering single values of concentration

for the extraction efficiency determination, for B-diol the elopes obtained over a wide
concentration mnge wiTe considered. .
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Stabilities of B-diol and B-dio-D8 in the perfusate swpernatint

The stabilifies of the analytes B-diol and B-diol-D8 were investigated by the metbod of
standard addition. For this putpose, four perfusate samples (6 mL) were prepared. Two of
them contained B-dio] and the other two B-diol-D8. The smples comprised of 23 pmolL and
10 pmoliL. of B-diol 20 24 pmol/L and 5 pmol/L of B-diol-D8. The samples were subjected
immediately to centrifugation at 4044 x g and 0°C for 5 min using 2 Sigma 4K 10 centrifuge.
A part of the supernatant of these samples was frozen at —84°C and anafysed in the following
L, 2and3w~eek3 meﬂleremmningpaﬂ,fomsetsoprpmdorfcupsmprepmde&ch
contammg 250uLof1he supmatantﬂ'omﬂmfom samples 'Ibesesolmonswerespﬂ:ed with

added concentrations of Ox, 1x, 2% and 3x of the initia) concentrations. Then, they were
derivatised with n-butylbaronic acid followed by"exu'action with ethyl. acetate and.ma]y.sed
by GU/MS. The peak avea vs. added concentration of analyte resulted in a steaipd line. The
intercept on the x-axis indicated the actual concentration of the analyte in the unspiked
sample. The intercept values of the curves obtained during these three weeks were compared.

2.2.2.5 . Mmmmng-l,z-aiol

Synihesis and Pllrity determinatlon of EBD and its internal standard 3 4-E‘poxy.
it 1,'2,3,4,4-2Hs]butane-l,2-dml . _

' Synthesis of both EED. (98%) and its deuterated intemal standard 3.4-Epoxy-(1,1,2:3,4,4-

*HeJbutane-1,2-diol (EBD-D6; 98%) was carried out by Synthon (Augsburg, Germany) The

oompotmds were 1dent|ﬁad by GC/MS in the electron impact 1omsaru0n mode by comparing

" the spectra of the non-denterated analyte with its deuterates! counterpart. In addition C NMR

- analysis carried out on a DMX 500 NMR-Spectrometer (Brucker) in the laboratory of Dr.
Hertkorn, (GSF, Neuherberg), confirmed the chemical structure and revealed no apparent
impurity. It was assumed that in both EBD and EBD-D$, the diastcreomers exist in 1:1 ratio.
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- Sample Preparation

Apart from certain smal} changes, the sample preparation of EBD and EBD-D6, concerning
their extraction from the perfosate superpatant, evaporation of the extract and their
- -derivetisation with n-butylboronic acid wes cartied out according to the method of Kimuira et
* al. (1976) for GC analysis of 1,2:5,6-dianhydrogalactitol

Perfusate samples of about 6. mL wete taken from the liver perfusion systern with 10 mL
digposable syringes (connected 1o 0.45 x 12 mm neéedles) containing 60 uL of the | molL
diethyl maleate solution, The perfusate samples were added immediately to 6 mL screw
capped glass centrifugation vials, which were closed immediately thereafier. Then, the exact
perfusate volume was determined from the measursd perfusate weight,

The stock solutions of EBD eand EBD-D6 in acetone were prepared fresh on each day of the
perfusion experiments using 1 uL and 1000 pL Hamilton syringes. Calibration samples were
prepared by spiking 6 mL of perfusate (containing 60 uL of 1 mol/L. diethyl malete) with
definite volumes of defined concentrations of acetonic analyie sohnions obtained on dilution
of the stock solutions,

. To pesfusate sumples of 6 mi comeining defined concentrations of EBD {considered for
calibration or obtained during liver perfusion experiments) a constant concentration of the
rat liver and mouse liver). The samples were cenirifuged st 4044 x g and 6°C for § min using
a Sigma 4K10 centrifuge and the supernatants were stored at —80 °C. On the day of the

" measurement, from each sample, 3 mL of the frozen supernatent was thawed and poured into
2 45 nil. centrifugation tube at room termperature. 30 mL of j-propanol/chloroform (9010,

 vAv) was added and the mixture was shaken for 2 min (the i-propanclchloroform soltion was
prepared fresh on each day of messurement), Potassium carbonate (3 ) was added and the -
mixtire was again shaken vigorously for 5 min by hand. Thereafier, it was centrifuged {2910
x g at ¢°C for 5 min using & Sigma 4K 10 centrifuge}) to produce two clearly sepatated layers,
The upper crganic layer was transferred into a test wbe and evaporated to dryness under &
stream of nitrogen at 45°C in the sample concentrator. The dry residue was treated with 600
wl of a solution &f 0.04 mol/L n-butylboronic acid in acetone, which jed to the formation of
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' thecm'respondmg cycllc but.ylbc.irv:.ii.z.estel.'s"(ﬂi-gnre.:3). Thcnn.xtu.re was vofﬁéxed for 1 min
- and after standing &t toam temperature-for 5 min, it was eransferred to 2 2 mL Eppendorf cup.

Thereafter, 500 kL of ethyl acetate was added to the mixture and centrifuged (16249 x g at
0°C for 5 min using a Sigma 4K10 centrifuge). The clear supernatant obtained after
centrifugation was transferred into an autcsampler vial and subjected 1o GC/MS analysis.

cmg—-—-s | —_— ano———scw

y:1 2-Butyl-3-oxi qq---‘

* {EBD)

Figure3:  Reaction of EBD with u-butylboromic acid
Gas Chromatography

The ethy) acetate extracts (4 pL) containing derivaiised EBD and EBD-D6 were imjected on-
column into the GCAMS. The analytes were separated on a Zebron ZB-5 fissed silica capillary
column (3¢ m x 0.25 mm ID, film thickness of 1.00 pm) or ahematively, om a HP-5MS
crosslinked 5% Ph Me Siloxone capillary coluton (30 m x 0.25 mm x 025 um). Both
columns, were protected by pre-columns {fused silica capillary,-deactivated). The details of
the GC method are listed in Table 4. The cyclic butylboron esters of EBD and EBD-DG were

. analysed i.n the positive chemml lomsanlon mode {PC] mods) vsing a.mmoma as reagent gas.

The dipstersomeric EBD derivatives had nearly. the same retention time as the cm:respondmg
EBD-Dé ones. They were distinguished by their different masses, The (M+NH4) ion of the
1sotnp1c boron esters of EBD (m/z = 188) and ﬁmt of EBD-DG {m;‘z =194) were ‘used for
guantification while the ions, m/z = 187 for EBD derivative and m/z = 193 for EBD-DG

" derivative were charatteristic jon peaks wsed onty for their identification. For quantitative

analysis, the relative peak areas of both dmstereomcrs of EBD were usad They were
calevlated according o the foliowmg equation;
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(aren of EBD derivative for miz w 1_88).

ot A = e of EBD - D6 desivative for miz = 194) x (volme of sample)

a3

The volume of perfusate was expressed in mL.

The calibration curves were inspected for linearity and sensitivity, The detection limit was
defined as a sighal to noise ratio of 3 10 1, s

Parameters Cyclic butylboren esters of EBD and

EBD-Dé
Colwmw . . | ZB5 or HP-5MS (30m X 0.25 mm x 1.0 um)
Gas flow _ _ Mode: constzmt flow: 0.7 mLfmin; Nominal
initial pressure: 0,349 bar
Average velocity: 31om/sec
Qven temperature program - |1 min at 65 *C, 5 *C/min t0 75 °C, 30
o ' °C/min 10 270 *C
Inlet temperature _ Oven track mode (3°C above the oven
ternpéerature}
Injection volume : 4 pl
Tranifer line temperature 280 °C
Reagent gas for positive chemical Ammonia (Flow rate 20%)
~ ionisation (PCI) )
Tons measured in single ion mode | 187, 188, 195, 194
(SIM) '
Tons used for quantitation. in SIM 188 (EBD),
: ' 194 (EBD-D#)

Tabled:  GC/MS operational conditions for desivatised ERD and EBD-D6

395




Materials and Methods

Method evatnation
Determination of the extraction factor of EBD from the periusate

For the determination of the extraction factor of EBD from the perfusate, the sarme procedure

~ as described for B-diol was followed. Samples in perfusate, water and pure solvent (acetonz)

were prepared comtaining EBD (43 pmol/L, 23 pmol/L, 10 pmol/L, 1.0 umol/L and
pmol/L) and EBD-D6 (47 pumol/l, 25 pmelsl, 10 pmolfl, 0.9 wmol and 0 pmol/L), These

samples were then procesed, derivatised and analysed by GC/MS, as explained in the sample

preparation and gas chromatography section, The glopes of the calibration curves prepared in

- perfusate (m’;); water (m';) and ethyi acetate (mi”,) wiré calcalared. For further calculations,

therehuw_s]upeofEBDm EBD-D}6 was uséd (myp, Wi, Ia). The extraction efficiency from
wmerwsob;lgjnedaslﬁe.mioofmwwm.andﬁmﬁnmpaquwasobmned as. the ratio
of my tom, (see alse 2.2.2.4),

Stabilities of EBD and EBD-D6 in the perfusate snpernatant

Stability determinations of the EBD and EBD-D6 in the j:erﬁ.isate suﬁemaunt were

determined over the period of three weeks using the method of standard addition, a3 deseribed
for B-diof. Stability determinations were carried out for 50 pmol/L and 25 ymol/L EBD and

© 50 umo¥L EBD-DS,

2236 Reproducibility of the extraction/derivatisation and the GC/MS wethods

T order to investigate the reproducibility of the extraction/derivatisation methods of all of the
proviously mentioned BD> amlywc (EB, CA, DEB, B-diol, and EBD), cenain sets of pa'ﬁrsate
samPIes with defined analyte concentrations were prepared in triplicates within 2 day: They
were subjected to conditions of extraction/detivatifation as mentioned in the respective
sample preparation sections of the different analytes. For each analyte, the absolute peak areas

_obtai_jloé&_ from identicélly prepared concentrations were compared, Thereafier, their mean,

standard deviation (SD) and coefficient of variation (CV) weie calculated. The same







