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ABSTRACT

A gas chromatographic-mass spectrometric (GC-MS)
method has been developed for the determination of 5,5~
diphenylhydantoin (phenytoin, PHT), 1its major metabolite
[5-(4-hydroxyphenyl)-5-phenylhydantoin], and, simultaneous
ly, their stable isotope 1labelled analogs (5,5-diphenyl-
2-130-1,3- lﬁdz-hydantoin and 5-(4-hydroxyphenyl)- 5-phenyl
-2—13C-1,3-15NZ-hydantoin) in biological fluids. The
(13C15N2)-labelled phenytoin will be administered 'in vivo'
to patients, in order to study the pharmacokinetics of
phenytoin in man. Accuracy in quantitation is achieved by

use of 5,5-di(pentadeuterophenyl)hydantoin and 5-(b~-hydrox

15, _
N,

internal standards. The chemical work-up procedure

y-3,5-dideuterophenyl)-5-phenyl-2-130-1,3- hydantoin as

(processing) of serum or plasma (1.0m') and urine (0.5m1)

involves acid hydrolysis, gxtraction at pH 7.4 and



permethylation of drug and metabolite analogs by extractlive
methylation. The mass spectrometric measurement technique
consists of repetitive scanning over the molecular ion
region of the permethylated derivatives of the phenytoin
and metabolite analogs as they elute from the gas
chromatograph. The data are processed by the computer and
ratios of molecular ion abundances of drug and metabolite
to Internal standard are computed. Selectivity,
reproducibility and 1linearity are discussed for serum or
plasma phenytoin levels of 0.1-30.0 ug/ml, serum or plasma
metabolite 1levels of 0.1-10.0 ug/ml and urine metabolite
levels of 5.0-200.0 ug/ml. At all levels, the coefficient
of variation remains below 5.5% (N=10). The
pharmacological equivalence of labelled and unlabelled
phenytoin was demonstrated in dogs and human volunteers.
The method was therefore extended to measurement of the
meta hydroxylated metabolite, because this is the major
metabolite in dogs. The results are discussed in the light

of the 'pulse dosing' applications of the method.

Thesis Supervisor: Klaus Biemann

Title: Professor of Chemistry
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Chapter |. INTRODUCTION

Phenytoina (PHT, la) is one of the most effective and

extensively used drugs in the treatment of epilepsy.

Epilepsy is a collective term for a class of chronic
convulsive disorders having in common the occurrence of
brief episodes of 1loss or disturbance of consciousness
(seizures); these are usually, but not always, associated
with characteristic body movements (convulsions) and are
always correlated with abnormal and excessive electro
encephalographic (EEG) discharges. The aim of treatment of
epilepsy with phenytoin 1Is to prevent the occurance of
seizures without causing significant side effects.
Phenytoin must therefore be administered daily to maintain
a steady state level of the drug in the serum. Since
epilepsy 1is a chronic disorder, many of its victims are
forced to take phenytoin for 11fe. The exact mechanism of

the anti-convulsant effect of phenytoin Is unknown, but it

4 Phenytoln is the International nonproprietary name for

5,5-diphenylhydantoin, Parke=Davis Trade name: DilantinR,
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is most probably related to its ability to prevent the
spread of abnormal or excessive neuronal discharge in the
central nervous system.

The major metabolite of phenytoin in man is the para-
hydroxylated derivative, 5-(Lk-hydroxyphenyl)=5-phenyl
hydantoin (p-HPPH, [Ila) (1). It does not exhibit
anticonvulsant activity and it (is excreted in the urine
mainly as a conjugate with glucuronic acid (GlcUA-p-HPPH,

GlcUA-1la) (2).

/ 1
O”C\N’ ' H “ H o’lc\ N’C-O
H H

IIa GlcUa -XIa

A meta-hydroxylated derivative, 5-(3-hydroxyphenyl)
-5-phenylhydantoin (m-HPPH, llla), is a major metabolite in
dogs and is also excreted in the wurine as a glucuronide
(GlcUA=-m=HPPH, GlcUA-IlIl1a); in dogs the ratio of
m=HPPH/p=HPPH Is 3/1 (3). In man, none or very little

m=HPPH is produced (L).

\
coaM .0
Ny no o o* N
c=0 H
o o’l \N’ " " [}
L 3

H )

IIIa Gicua -1IXI1a

Other minor metabolites which are formed from

phenytoin are: the dihydrodiol [5-(3,4-dihydroxy-1,5~-cyclo
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hexadien-1-y1)-5-phenylhydantoin, Ival] (5,6), a series of
catechols [5-(3,4-dihydroxyphenyl)=-5-phenylhydantoin, Va
(7,8), 5-(2,4=dthydroxyphenyl)-5-phenylhydantoin, Vlla (8)
and 5-(4-hydroxy=3-methoxy)-5-phenylhydantoin, VIlla (8)].
and diphenylhydantoic acid (Vilta) (9). The presence of
diphenylglycine (l1Xa) has also been reportec (9), but this
could not be confirmed by other investigators., Less than

1 of the administered dose of phenytoin 1Is excreted

SN

unchanged in the urine. The structures of the minor
metabolites of phenytoin are listed in Figure 1-1.

For each individual, the serum level of phenytoin and
the degree of clinical response are directly related, Most
patients will achieve maximum seizure control when the
serum steady state 1level is between iO and 20 yg/mt,
However, at concentrations lower than 10 ug/ml seizures may
not be suppressed, while at concentrations larger than 20
HWg/ml adverse side effects may occur., This relatively low
therapeutic 1index is a serious problem in the clinical use
of phenytoin. The situation is further complicated by the
dose~-dependent kinetics of phenytoin and by the fact that
large variations in serum levels can result from the same
dose administered to different subjects. 0f major
importance in the process of treatment with phenytoin s
the fact that as the serum 1level approaches the lower
l1imits of the optimum therapeutic range, the slope of the
dose-serum level curve changes markedly. This change

reflects the dose-dependent kinetics of phenytoin and
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Figure 1-1, Structures of the minor metabolites of PHT.
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~°v O &!
,C__fL=0 ¢ £=0 2C S0
& 0°N ol N O O0°°N
p woo % H
Vs via VIIa

NHj
nooc

IXa



-28-

occurs when elimination changes from flrst-order to
zero-order. At the point of change, small Iincreases in
dose result in large increases in the serum level (e.g. an
increase in dose from 200 to 300 mg/day can cause a rise in
the serum level from a steady state around 5 ug/ml to a new
steady state above 30 ug/ml). This results in significant
overkill in which the patient is exposed to potentlally
severe toxicity. In addition, the patient and/or physician
may conclude that phenytoin is an ineffective drug based on
observations that the previous dose did not control
seizures whereas the next dose caused significant toxicity.
Daily doses of 200-500 mg of phenytoin are commonly needed
to maintain the wusual steady state conditions, but small
modifications in drug disposition rate often result in
pronounced changes 1In serum concentrations (other drugs
that are taken at the same time, e.g. phenobarbital, or
impalred 1liver or kidney function can alter phenytoin
metabolism and alter the wusual dosage requirements).
Therefore, to obtain maximum efficlency and benefit from
treatment with phenytoin, serum level determinations are
invaluable if not imperative; they will indicate when and
how to adjust the dose so that subtherapeutic or toxic
concentrations are avoided.

However, theoretically, continuous drug monitoring
should not be necessary because it should bepossible to
calculate steady state levels for a particular patient from

pharmacokinetic data. Pharmacokinetics is concerned with
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the translation of the many Individual factors that
determine drug absorption, distribution, biotransformation,
and excretion into succinct mathematical expressions that
allow calculation of drug concentrations in serum (plasma),
or in other body fluids or tissues.

The application of pharmacokinetics to optimize
Individual dosage requires the formulation of a model that
describes disposition with drug administration. Individual
pharmacokinetic parameters (e.g. elimination and
distribution half-1ife, volume of distribution and
clearance) which are used as estimators of the system are
calculated from a limited number of measurements of serum
drug levels. These periodic determinations are then used
to correlate with and predict the probability of
therapeutic and adverse_ pharmacological response, and to
correlate with secondary variables related to the
properties of the drug and physiological variables related
to the patient and the disease state.

Pharmacokinetic analysis of drugs that follow
exponential (first-order) kinetics s relatively simple;
however, for phenytoln, the relationship between dose and
serum level In individual patients 1Is non-linear (the
kinetics are dose-dependent) and multi-compartment models
are necessary to study the drug. When first-order kinetics
are operative, most parameter values can be obtained from
the measurement of the serum concentration of the drug, but

to investigate dose-dependent kinetics, the concentration
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of the major metabolite is often required (e.g. to
evaluate product inhibition of drug metabolism by major
metabolites).

For phenytoin, many unanswered question concerning its
pharmacokinetics remain and different hypotheses have been
proposed to explain the dose-dependent elimination (10-12).
The 1lack of a safe technique to measure the pharmaco
kinetics of the drug at steady state In humans has been a
major obstacle in the study of phenytoin metabolism and has
added fb the complexity of the problem. Investigations in
which the drug is discontinued and its rate of
disappearance from the plasma is monltored carry the risk
of increased seizure frequency because a therapeutic serum
concentration has to be maintained to Prevent seizures.
These measurements are also not fully representative of the
true 'steady state' conditions, because the plasma
concentration of the drug is constantly falling. Studies
which involve the use of radioactive tracers expose the
patient to radiation. In addition, the measurement of
radioactivity by liquid scintillation counting is
unspecific because the amount of radioactive isotope
present in the sample is measured without regard to its
-chemlcal or molecutlar form.

An alternative is 'pulse dosing' with stable isotope
labelled tracers, and independent monitoring of the tracer.
This is 1llustrated in Figure 1-2 where the serum

concentration of phenytoin is plotted as a function of time
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. Figure I-2. Serum concentration of PHT as a function of
time after repeated administration of fixed

doses of the drug.



PHENYTOIN SERUM CONC. (pg/ml)

-32-

Figure 1I-2

IS5t

“STEADY STATE"
LEVEL




_33_

after repeated administration of fixed doses of the drug.
If a labelled dose is substituted for a normal dose of the
drug, its specific elimination pattern can be followed., In
contrast to an unspecific radiatlbn assay, gas
chromatographic mass spectrometric (GC-MS)  detection
systems are highly specific for the stable isotope labelled
compounds under investigation. Volume of distribution,
distribution and elimination half-1ife and clearance of the
labelled drug would hereby reliably be determined without
interrupting the dosage regimen. It would also be possible
to measure the apparent rate of formation and elimination
of the major metabolites of the drug by measuring their
concentration in plasma and urine over time. In addition,
eventual redistribution of the wunlabelled drug could be
verified.

Pure isotopes and molecules labelled with stable
isotopes for use in biological and medical research have
not always been available. Only in the 1960's did the
production of drugs enriched in stable heavy isotopes of
hydrogen, 13¢ and 15y receive increased interest. At this
time alternatives were sought to radioactive techniques and
the potential of mass spectrometry was realized (in splte
of the availability of radioactive labelled molecules and
the existence of sensitive measuring equipment, the use of
radioactive tracers was often limited to animal studies).
Today, rather pure isotopes and molecules labelled with

stable isotopes are becoming increasingly available and
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mass spectrometric techniques, using stable isotope
dilution,l allow accurate and selective quantification of
these labelled analogs. Reports in the literature
demonstrate that the use of stable Isotope 1abelied &rugs
makes it possible to distinguish doses of a drug
administered at different times or in different forms, and
to study the specific pharmacokinetics of the different
doses or formulations (13-16).

In an effort to gain insight into the pharmacokinetics

of phenytoin (la), we chose S,S-diphenyl-2-13C-1,3—15N2—

hydantoin [(13C15N2)-PHT, Ib] as a stable isotope 1labelled

analog for 'pulse dosing' studies in humans.

O
O

1
_Cis C=0
0% N’

H

Ib

The position of the label was carefully chosen so that it
would be retained during hydroxylation of the phenyl ring
(major pathway of metabolism), that there is no risk that
the label could be lost either 'in vivo' or in the course
of sample preparation and analysis, and that there would be
no conflicts 1in the 1later selection of stable isotope
labelled analogs to be used as internal standards for
quantitative analysis.

Apparently there Is concern iIn the medical community

about 'in vivo' Isotope effects especially when deuterium
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Is used (17). However, 1. the pharmacokinetic parameters
of a deuterium labelled drug will only change If the label
Is placed at the site of metabolism and If cleavage of the
bond involving the stable isotope is the rate limiting step
in the enzymatic reaction, and 2. labefled metabolites will
be indistinguishable from unlabelled ones only I[f the
entire label is placed at a position where it Is lost.

For PHT (la), deuterium should therefore not be placed
in the p-position only because p-hydroxylation Is the major
pathway of la metabolism in man. On the other hand, if
several deuterium atoms were substituted in the phenyl ring
[e.g. as in 5,5-di(pentadeuterophenyl)hydantoin, (Dyg)-
PHT, Ic or 5-(pentadeuterophenyl)-5-phenylhydantoin, (DS)-
PHT, 1d],

o O 0
o—~Or—w
0:=C c=0
D \N/
0 H
) { Id

the loss of the p-deuterium atoms would result in a
metabolite that contains 9, 5 or &4 deuterium atoms and thus
easily distinguished from the unlabelled drug. If no other
isotope effects involving the rate or mechanism of
metabolism are operative, these compounds could be
administered for 'in vivo' In pharmacokinetic studies.
Andresen (for 1d) (18) and Tomaszewsk! (for lc) (19)

demonstrated that the cleavage of the para C-D bond is not
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the rate 1imiting step In the enzymatic hydroxylation (they
found no significant Isotope effects In the rate of
formation of p-HPPH). A fully labelled phenyl ring also
eliminated complications arising from the NIH shift (i.e.
a substituent orliginally ©present at the site of
para-hydroxylation may be partially transferred to an
adjacent carbon atom), so that there should be no problems
associated with the use of Ic and Id for 'in vivo'
pharmacokinetic studies In man. it was kept In mind
however that during the work-up of the samples, the
metabolite has to be cleaved from its glucuronide. This is
best accomplished by acid hydrolysis, which would lead to
the loss of deuterium by exchange at the position adjacent
to the phenolic hydroxyl group. Therefore, deuterium
labelled comp~tinds were not used in our studies for 'in
vivo' administration, but were employed as Iinternal
standards (see Chapter [11=A). For 'in vivo' adminis
tration, we preferred the (13015N2) label in the hydantoin
ring, at positions that are not <ot all involved in the
metabolism (with the exception of the very minor metabolite
villa).

In general, metabolism studies require the
quantification only of one species and mass spectrometric
methods for such measurements using a stable (isotope
labelled internal standard are wldely used (8,20,21).
These reports describe methods to quantify la and/or |Ila

and 1ila In plasma and/or urine so that metabolic profiles
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of subjects who have reached steady state plasma levels of
la or whose plasma level Is falling from the steady state
level can be studied or interpreted. Hoppel et al. (20)
described their procedure using 5-(4-hydroxyphenyl)=-5-
pentadeuterophenylhydantoin as internal standard for
analysis of la, Ila and llla in plasma. Baty and Robinson

(21) used pentadeuterophenyl=-5-phenylhydantoin and 5-(4-hy

droxyphenyl)-5-pentadeuterophenylhydantoin as internal
standards, but determined la and I|!a separately (la was
analyzed as the permethyl derivative; |la as the persilyl

derivative). Egger et al (8) mention the use of
5-(4-hydroxyphenyl)~5-pentadeuterophenylhydantoin &s inter
nal standards but report only semi-quantitative results.

On the other hand, for the 'pulse dosing' approach,
one has to measure simultaneously the pharmacokinetics of
two substances: the unlabelied drug with which the 'steady
state' was achieved and the labelled drug which represents
the 'pulse dose'. At the same time, a pair of metabolites
-unlabelled and 1labelled- also should be measured. The
quantification then requires a second, differently labelled
analog to be wused as the Internal standard for the
analysis.

Therefore, the immediate objective of this study was
the development and evaluation of a method to quantify
uniabeiled and stable isotope labelled phenytoin (la and
Ib) and their major metabolites in man (lla and 1lb) in

appropriate bilological fluids, and, 1in addition, the
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verification of the pharmacological equivalence of
unlabelled and (13¢1%N,)-1abelled PHT (1a and 1b).  One
would anticipate that the replacement of C and N in the
hydantoin ring system by the heavy isotopes would not lead
to an isotope effect in the hydroxylation at the p-position
of one of the phenyl groups, il.e. the rate constants (K)
for the hydrexylation of la and |Ib would be the same
(Kya/Kyp = 1). However, because of the general concerns
about isotope effects in the medical community (17), it was
felt prudent to demonstrate the absence of 'In vivo'
{sotope effects experimentally and thus lay all these
doubts to rest once and for all.

Ultimately, tracer dose studies can then be wused to
determine If phénytoin (1a) induces its own metabollism (by
measuring its elimination before and during therapy) and to
determine how administration of other drugs influences its
elimination (by measuring its elimination before and after
administration of other drugs).

The structures of the different sets of analogs for
which measurement Is required in these studies are listed
in Flgure 1-3. The studies to demonstrate the absence of
'in vivo' Isotope effects were first carried out on dogs;
therefore, an extension of the method to measure the m-HPPH
analogs (l1la and I1lb) was necessary, because as mentioned
before, m-HPPH Is the hajor metabolite in dogs (4). As
discussed in Chapter 11, Section A, elther Id or lc was

used as Internal standard to quantitate la and its
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Figure 1-3, Structures of the PHT analogs (la, Ib, Ic, 1d)
and HPPH analogs (lla, !ib, 1lc, Illa, 111b)

that are measured in these studies.
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(13C15N2)-labelled analog (1b); 5-(4-hydroxy-3,5-dideute

rophenyl)h5-phenyl-2-13C-1,3-15N2-hydantoln [(13C15NZDZ)-
p-HPPH, Ilc] was used to quantitate lla and llla and thelr
respective (13C15N2)-labelled énalogs (1tbh, L1Ib). It

should also be noted that 1. during the development and
evaluation of the method and during the studies with human
volunteers, no m-HPPH analogs (t1la-111b) were measurea;
they were only monitored during the studies on dogs, and 2.
I1Ib was not availabe as reference compound; I1b was only
available as reference compound during the studies with

human volunteers.
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Chapter 1. DEVELOPMENT OF THE METHOD

A. APPROACH

Development of a method to measure PHT (la) and p-HPPH
(11a) and thelr (}3c1%,)-1abelled analogs (1b and 11b) In
serum and urine Involved careful study of all aspects of
the chemical work-up of the samples and of the design of
the GC-MS measurement technique., The chemical work-up of
the samples Iinvolved cleavage of the p-HPPH-glucuronide
bond and extraction and derivatization of the compounds of
interest; the GC-MS measurement involved the gas
chromatographic separation of the PHT analogs and the
p-HPPH analogs from each other and from endogenous
componenis, and their measurement by mass spectrometry.

We chose a stable Isotope dilution technique (i.e.
the use of stable (isotope labelied analogs as internal
standards) so that the recovery of 1la, 1la, and their
(13C15N2)-labelled analogs would be corrected for, and so
that most systematic error would be eliminated.

However, stable Isotope dilution only guarantees
accuracy If no extraneous substances contribute to the
particular ion current measured. Unltke other studles
where only la, lla and an internal standard were monitored
(8, 20, 21), for our work several sets of analogs had to be
measured In the same serum or urine sample. Since a
preferential extractlon of these analogs from serum and

urine would still coextract endogenous substances, it was
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very important to design the instrumental analysis step in
such a way that interfering substances could be identified
and their contributions eliminated or at least minimized.

We therefore chose to repetitively scan over a small
mass spectral region of [Interest rather than to monitor
selected lons only. The molecular lon region was chosen to
be monitored because it is definitely characteristic of the
analytes and retains the complete isotopic information for
all the analogs that are monitored (see also Chapter 1|1,
Section B-2a). The full selectivity of the mass spectral
measurements was hereby maintained.

As mentioned in Chapter |, the method was developed
using la, b, lc or Id, lla and llc as reference compounds.
[t was found that for good gas chromatographic separation
of the available PHT analogs (la, Ib, lc or 1d) from the
p-HPPH analogs (lla, llc) and for separation of both (la,
Ib, lc or Id) and (lla, llc) from endogenous components, it
was necessary to convert them to more volatile compounds
(22,23). As discussed later in this Section, a number of
methylation and silylation procedures were therefore
evaluated (8, 20-27); the extractive methylation procedure
of Hoppel et al. (20) was finally selected because it gave
the most reproducible derivatization.

Gas chromatographic conditions were chosen such that
the permethylated‘ derivatives of la, |Ib, lc or Id were
coeluting, and that also the permethylated derivatives of

ila and llc were coeluting. The structures of the
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permethylated derivatives of the PHT analogs and HPPH
analogs for which measurement was required during these
studies (i.e. d-la, d-lla, d-1lla and their respective
stable isotope labelled analogs) are shown In Figure I11-1,
We are referring to the permethylated derivatives of the
studied PHT and HPPH analogs by the abbreviation '"d-" (this
indicates that the compounds are derivatized); the
abbrevation '"d-" should not be confused with '"deuterium",
for which in this work, we use the abbreviation '"D" (see
List of Abbreviations, p.21). It should be noted again
that 1. during the development and evaluation of the
method and during the studies with human volunteers, no
m=-HPPH analogs (d-llla and d-I1llb) were measured and 2.
that d-11lb was only available as reference compound during
the studies with human volunteers; that d-1llb was not
available as reference compound.

Acid hydrolysis of the glucuronides with 10 N HC1 was
preferred over enzymatic hydrolysis because the latter is
very time consuming and precision has been reported to be
worse (18). Addition of the internal standard
[(13C15NZDZ)-B-HPPH, llc] to the sample after the
hydrolysis step prevented the possibility of acid catalyzed
exchange of the deuterium atoms in ortho position of the
phenolic hydroxyl group.

We recorded full mass spectra of the permethylated
derivatives of the reference compounds that were available

at this time. The mass spectra of the permethylated
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Figure Il-1. Structures of the permethylated derivatives of
the PHT analogs (d-la, d-1b, d-lc, d-1d)
and HPPH analogs (d-lla, d-1lb, d-Ilc, d-Illa,

d-1l1b) that are measured in these studies.
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derivatives of PHT (d-la) and the available stable isotope
labelled analogs (d-Ib, d-lc and d-1d) are shown in the
Appendix, Figure A-1, a-d. The mass spectra of the
permethylated derivates of the p-hydroxylated metabolite
(d=1l1a) and its available stable isotope labelled analog
(d=llc) are shown in Figure A-2, a and d. In Figure A-2,
b and c, the mass spectra of the permethylated derivatives
of the reference compounds llla and .!lb are also shown;
. they were recorded during the studies described in Chapter
IV and were included in this Figure so that their
fragmentation pattern could be compared with that of the
other HPPH analogs.. In these mass spectra, the major
fragment ions have been labelled; the fragmentation
pattern is explained in the text.

We also determined the actual level of incorporation
of the stable (isotope 1abel in the molecule for all
isotopically labelled substances. The isotopic purity and
the presence of overlapping species could so be verified
(see Chapter VI).

As expected, the deuterium labelled substances
contained a larger percentage of fully labelled material
because deuterium is available at 99+% (isotopic purity,

13 15

while available C and N have enrichment factors of 90 %

and 99 % respectively. For (Dlo)-PHT (1c) and
(13C15N2)-PHT (1b), no Impurities were found that would
Interfere with molecular ions (M+) of any of the PHT

analogs (la, b, lc or Id). There is, of course, also no
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overlap of the natural Isotope distribution of la to Ib and
Ilc, or of Ib to lc because the molecular jons are separated
by sufficient amu., (Natural abundance ions from Ib at m/z
(M+2)* will of course overlap with the molecular fon from
Id, but as discussed further, Id was only used during the
initial measurement to quantitate la and in this case no
overlap occurred.) However, 3 % trilabelled material was
found in (13015N202)-E-HPPH (llc). This contyibutes to the
ion abundances measured for (1SC]5NZ)-E-HPPH (I1b) and
therefore has to be corrected for. |In addition, Ilc is
only two amu heavier than 1l1b. Natural abundance ions from
I1b at m/z (M+#2)" will therefore overlap with M+ jons from
llc. We did not have Ilb avallable as reference compound
during the method development and could therefore not
determine to what extent these overlapping 1{lon abundances
would influence the measurements (see further Chapter 11,
Section E-=3; it should be noted here that by
permethylation, the increase in mass is the same for all
analogs, so that the same interferences will occur).

We developed our mathod using serum and urine samples

to which PHT (la), (lSCls

Nz)-PHT (1b) and E-HPPH (1ta) had
" been added in known concentrations (i.e. serum and urine
standard solutions, see Chapter VI). For serum, we used
standard solutions containing 1.0-30.0 pg/ml of each ia and
Ib, and 0.5-16.0 g/ml of lla; for urine, we used standard

solutions containing 5.0-100.0 ug/mi of lla. These ranges

were chosen because, for serum, they represent the
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therapeutic concentration ranges of la under steady state
conditions and for urine, they represent the excretion of
ila under these conditions. Initially, (D5)-PHT (id) and
(13C15N202)°27HPPH (1lc) were used as Internal standards to
develop the GC-MS measurement and the hydrolysis-,

extraction- and derivatization procedure.

Id had been previously synthesized in this 1laboratory
by Dr. Brian Andresen and was avallable in sufficient
quantities. It was not used in the later analyses because
it is only two amu heavier than |b (for the simultaneous
measurement of la and Ib, lc was always wused as internal
standard).

During the Initial measurements, the data were
recorded with a conventional oscillographic recorder so
that peak heights of 1on abundances could be measured
manuilly, When the software for computerized data
acquisition and processing became available, the data were
recorded on tape and processing was done by the computer,
Both heignht and area measurement of 1{ion abundances was
ncssible in this mode.

For the staticstical interpretation of the data during

the develepment of the method it was kept in mind that only
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a llmited number of experiments were done. The main
purpose was to demonstrate the usefulness of the method
under the existing operating conditions so that experiments
for the further evaluation of the method could be designed

(see further Chapter 111).

B. GAS CHROMATNGRAPHIC MASS SPECTROMETRY
1. Gas chromatography
la. Choice of the gas chromatographic derivatives

In order to maintain accuracy during the gas
chromatographic measurements, well shaped gas chromato
graphic peaks at reasonable retention times are required.
Theretore, study of the gas chromatographic behaviour of
the available PHT analogs (la, Ib, Ic or 1d) and p-HPPH
analogs (1la, llc) was an important first step in the
development of the method. Initially, standard solutions
of la and Ila were used; the analogous behaviour of the
more expensive stable isotope labelled reference compounds
was verified once the gas chromatography of la and lla
themselves was found satisfactory.

Gas chromatography of underivatized 'a on 3% 0V-17 4or
3% 0V-101 column packings on 80-100 mesh Supelcoport was
unsatisfactory., It was fouad that 1in ordey to obtain
reproducible peak helghts (measured off the flame
jionization detector (FID) trace), the active sites of the
column hkad to be saturated with at least 10 ug of la. The

phenolic metabolite (l!a) did not chromatograph at all;
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interaction between 1its polar functional group and the
chromatogiaphic support caused severe adsorption.

Silylation of the lablile hydrogens of la and Ila with
BSTFA or Sylon BFT (8, 21, 23) did not go to completion
unless pyridine or acetonitrile were added as solvent.
Even then, irreproducible results were obtained, possibly
due to the fact that In the presence of moisture, the TMS
derivatives are hydrolyzed. Drying of the solvent extracts
(i.e. w!th anhydrous Na,S0,) and storing fhem in a
desiccator increased the stability cver a longer period of
time, but also increased the analysis time substantially.

On column methylation (also referred to as
flash-heater methylation) (23) produced excessive column
bleed, and resulted in a high background for the mass
spectrometric measurements. |In addition, it shortened the
column 1ife considerably., The alkalinity of the ammonium
hydroxides that were wused, 1in combination with the high
temperature required for methylation caused also the
formation of a small amount of the O-methyl isomers.
Incomplete permethylation was noticed when wusing low
injector temperatures.,

Extractive methylation (20, 24-27) of la and lla gave
the most satisfactory results. The procedure has been
described for the analysis of la, lla and Illa in serum by
Hoppel et al. (20). These authors developed optimum
conditions, especially for the extractive permethylation of

lla. We applied the extractive methylation procedure (as



-52-

described in Chapter VI) to a solution of 50 ug of each la,
Id and lla and did not observe any partially methylated or
degraded compounds. In addition, the permethylation was
found to be reproducible (judged from peak heights in the
gas chromatogram). Dry extracts of the permethylated
derivatives were stable for at least 12 months when stored
at 4°C. The analysis of randomly chosen extracts from
serum or urine in later analyses (as discussed in Chapters
i1l and 1V), always showed complete permethylation of all
compounds of interest.

Extractive alkylation has also been referred to as
phase transfer catalysis (26). Acids are extracted as ion
pairs (through the use of a bulky quaternary cation) from
an alkaline solution into an organic phase, which contains
the alkylating agent. [In our case the ion pairs consisted
of 1a"TBA*, |1la-TBA*, etc.; they were extracted into
methylene chloride (CH;Cl1,) which contained methyl iodide
(CHz!1)]. The alkylation takes place in the organic phase
(selected to have a poor solvating ability) by a nucleo

philic displacement reaction, as illustrated for la:

[TBA‘:OH'] + PHT =— [TBA+1P|HT'] + OH" aqueous phase

;& L organic phase
[TBA"I"] + PHT-CH; <— [TBA"PHT ] + CHjl

A high concentration of counter 1ion increases the

efficiency of the extraction. The rate of alkylation is
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determined by the concentration of alkylating reagent and
the reaction temperature.

The final dry residue, obtained after evaporaticn of
the organic phase, contains the methylated acids and the
tetrabutylammonium fiodide (TBA-I+), which 1Is formed as
byproduct 1in the extractive alkylation reaction., This
final dry residue is then dissolved in a suitable solvent
for GC-MS analysis.

TBA—I+ decomposes Iin the (injector port of the gas
chromatograph to tributylamine (27). |If present in high
concentrations, this trialkylamine gives a considerable
column background. It was found that the amount of TBATIT
in the supernatant could be reduced by dissolving the final

dry residue in toluene or benzene instead of methanol.

1b. Choice of gas chromatographic conditions

On a 3 ft OV-17 column, the permethylated derivatives
of PHT (d-la) and p-HPPH (d-1la) eluted in two sharp gas
chromatographic peaks, when temperature programming from
180-310°C at 12 */min. The permethylated derivatives of the
available (1SC]5N2)-labelled analogs (d-Ib and d-llc)
eluted at the same time as the respective unlabelled
analogs (d-la and d-lla). The permethylated derivatives of
(Dg)=PHT and (Dy,)-PHT (d-Id, d-Ic) eluted one and two
seconds, respectively, earlier than their unlabelled analog

(d-1a). This did not 1lead to a separation In the gas

chromatographic peak profile, it merely broadened the peak
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slightly, In summary, this resul ted In two gas
chromatographically resolved sets of compounds consisting
of (d-1a, d-Ib, d-lc or d-lb) and (d-lla, d-ll¢)
respectively. This Is further discussed In Section B-2b of
this Chapter, which discusses the mass spectrometric
measurements and is also Illustrated in Figure 11-2a (see
explanation Iin Section B-2b), which shows a total
fonization plot (TIP) constructed during analysis of a
serum sample. (A total ionization plot Is a summation of
the recorded ion currents and can be interpreted iIn the
same way as an FID trace.)

Methyldocosanoate (X) coeluted with the permethylated

CHa(CH2) 29 CO00CH] (X)

derivatives of (la, Ib, Ic or Id) (it appeared at the tail
end of the gas chromatographic peak) but did not interfere
with their analysis at the levels used for the development
of the method. (For lower levels of la or Ib encountered
in the analysis of serum samples, the contribution of X, if
substantial, must be corrected for as will be described in
Section 3).

During the mass spectrometric measurements, the gas
 chromatographic behaviour of the analytes was constantly
monitored by diverting 20-30% of the effluent from the
column to the FID of the gas chromatograph (the remaining
portion of the effluent was diverted to the mass

spectrometer, see Chapter VI, Section C).
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2, Mass spectrometric measurements
2a, Cholice of the monlitored lons

The molecular ion region was chosen to be monitored
because It 1Is definltely characteristic of the analytes
and, In addition, It retains the complete Isotopic
information for all the analogs that are monitored. For
the stable isotope labelled analogs, this Information is
partly lost Iin the major fragment ilons because the part of
the molecule bearing the stable Isotope 1label has been
lost. This is further discussed in the Appendix, e.g. for
d-1b (Figure A-1b), the ion abundances at m/z 195 arise
from losses of CH319NCO and 13C0,H from the M¥; for d-lc
(Figure A-1lc), the ion abundances at m/z 208 arise from
loss of C¢ D ¢ from the M+,

Also, analysls of an extract of blank serum or urine
(i.e. a drug-free serum or urine sample to which no
internal standard has been added, see Chapter VI) showed
only a 1low level of background at m/z 2%0, 283, 285, 290,
310, 313, 315, at the respective gas chromatographic
retention times of d-la, d-Ib, d-Id, d-lc, d-Ila, d-1lb and
d-llc (see also further in this Chapter, Section B-3). A
constant background at m/z 315 was due to OV-17 column

bleed, but was corrected for consistently in all analyses.

2b. Measurement of ion currents
The measurements of the molecular 1ion abundances of

(d-la, d-Ib, d-lc or d-Id) and (d-lla, d-llc) required
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monitoring of two gas chromatographically resolved sets of
compounds (as discussed previously in Section B-1b). We
chose to repetitlvely scan over the molecular ion region of
the analogs, rather than to step from one m/z value to the
other (so called multiple ion monitoring), because the m/z
values of the 1ions of which the abundances were to be
measured during the emergence of each GC peak differ only
by a few mass units (a maximum of 10). |t should be noted
that this approach is not related to the 1limited mass

monitoring technique (LMM) described by Murphy et al.

(28), where selected short mass ranges scattered over the
entire spectrum and/or the gas chromatographic run are
scanned to provide more qualitative information.

Although single or multiple ion monitoring wusually
leads to higher sensitivity because of the higher duty
cycle, scanning through a short mass range does not waste
that much more time. On the other hand, it makes it
possible to display (eventually in real time), evaluate and
utilize the complete mass spectral peak profile and this
has many advantages: it assures that the top of the peak
is always reliably measured -one of the major risks in the
stepping method where peak tops are defined by hardware
adjustments and jumping between preset voltages can cause
inaccuracies-, that one can spot the presence of
interferences frcm distortion of peak shapes or appearance
of peaks which do not belong to the mass spectrum of the

analyte, and that the baseline (s always accurately
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established for each scan,

With the prellminary instrument modifications, a
linear mass range of m/z 278-293 was scanned in 4 s during
the elution of the PHT analogs (d-la, d-lb, d-lc or d-Id)
and a linear mass range of m/z 309-317 was scanned in 2 s
during the elution of the p-HPPH analogs (d-lla, d-11c).
This 1is illustrated in Figure |1-2: 1in (a) a display of
the total ionization plot (TIP?) constructed during the
analysis of a standard serum sample containing 10.0 ug/ml
of la and Ib, 5.0 ug of Il a and 1.0 uyg of the respective
internal standards (lc and llc) is presented; in (b) the
mass range scanned for the measurement of the molecular ion
abundances of (d-la, d-Ilb, d-lc), i.e. scan #52 of from
the TIP , in (c) the mass range scanned for the measurement
of the molecular ion abundances of (d-lla, d-llc), i.e.
scan #113 from the TIP., The horizental and vertical
cursors allow exact definition of height and area of each
individual preselected peak In the scanned mass range (see
Chapter VI, Section C). Noise and interference from
neighbouring peaks such as natural Isotopic abundance peaks
(m/z 281, 284, 291, 311, 314, 315) and isotopic impurity
peaks (m/z 282, 313, 314) can thus be minimized. Due to
the partial separation of d-lc and (d-la, d-1b) under the
described gas chromatographic conditions, no information
about the exact ratio of drug to internal standard is
obtained from one specific scan (i.e. 1In scan #52 -the one

shown 1in Figure 11-2b most of d-lc had eluted); the
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Figure 11-2, Display of (a) the total ionization plot (TIP)
constructed during analysis of a serum stan-
dard sample (b) the mass range scanned for the
measurement of molecular ion abundances of
(d-la, d-Ib, d-lc), as illustrated by scan #52
from the TIP (b) the mass range scanned for
the measurement of molecular ion abundances
of (d-lla, d=1Ib), as illustrated by

scan #113 from the TIP.
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correct ratio 1is obtained by averaging all the scans

selected from the total ionization plot.

3. Interferences

Interferences at the selected ions can come from many
sources: there can be background interference from the
sample matrix or solvents and reagents (i.e. a ~ompound
can have the same gas chromatographic retention time and
have the same specific ion in its mass spectrum as the ion
that is being measured); there can be instrumental
background (e.g. arising from a contaminated 1{on source,
column bleed, memory between succesive samples, or
electronic noise); and there can be a significant contri
bution from the lTabelled internal standard to the analyte
and vice versa.

Although under the described gas chromatographic
conditions, methyldocosanoate (X) coeluted with (d-la,
d=1b, d=lc or d-1d) (it appeared at the tail of the gas

ts ion

chromatographic peak), the contribution of
abundances to the ion abundances that were measured for the
phenytoin analogs remained insignificant at the initially
expected serum phenytoin levels (1.0-30.0 ug/ml). No
corrections were therefore necessary at *his point. A mass
spectrum of methyldocosanoate (X) Is presented in Figure
=3,

Instrumenta! background was found to be insignificant

under normal operating conditions because the concentra
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Figure 11-3, Mass spectrum of methyl docosanoate




-62-

ooy

1417

00€

11: 14

00¢

—._._._._-

L

T

£10000 92(2H3)EHo

£€-11

_.m.%.Lnu._Z
LN

aan3t

b

00l

173

Z/W

4
L

Alisuajuj aaljejay




-63-

tions of the analytes that were measured during the
development of the method were well above the detection
1imits of the assay.

No interferences arising from residual unlabelled
analyte present 1in the stable isotope labelled compounds,
or overlapping natural abundance ions from these analogs
had to be taken into account during these initial studies
(see Secticn A).

In all cases, the significance of the Iinterferences
was assessed by interpretation of the calibration curves,
If the ca]ibration curve was linear through the Jlowest
point, the interference was not considered to be
significant (this is discussed 1in Chapter [ll, Section

E"3)o

C. EXTRACTION AND HYDROLYSIS
1. Choice of the procedure for processing of the samples
The processing of the samples (i.e chemical work-up of
the samples to obtain extracts suitable for GC-MS analysis)
is based on the one described by Hoppel et al. (20) and
includes the extractive methylation procedure, as
previously described. The serum and urine samples are
hydrolyzed in acid, extracted at pH 7.4 with MIBK, back
extracted into NaOH and . permethylated with CHzl (see

Chapter VI for more details).
However, during the acid hydrolysis step, the

dihydrodiol metabolite (IVa) is converted to equal amounts




-64 -

of Ila and lila (6, 20)., The measured values of Ila in
samples from patients will thus be higher than the actual
vafue, but this bias will be the same for unlabelled and
(lqzlalg-labelled p-HPPH (lla and 1lb) in samples from the
same patients. [IVa accounts for 7-11 % of the wurinary

metabolite of la in man (6). Under the reasonable

assumption that no or very little Illa is produced in man
(4), this excess Ila could be corrected for by measuring
the amount of llla present and subtracting It from the

total lla that is found.

During acid hydrolysis, the diphenylhydantoic acid
metabolite (VIlla) s reconverfed to la (29). As we are
not analyzing for la in urine, this does not affect our

measurements.,

D. INITIAL STATISTICAL ANALYSIS
1. Precision of the GC-MS measurement

The precision of the GC-MS measurement was initially
evaluated by making repeated Iinjections of a standard
solution containing equal amounts (1 ug/ml) of d-la and
d-1d in benzene. The CV for the measurement of the
molecular ion abundance ratios (m/z 280/285) was 0.62% for
N=4 (Peak heights measured manually off the oscillographic
trace, N is the number of replicate injections). Magnet
drift was minlmized by monitoring the room temperature and
was, if necessary, corrected for (as judged from the

position of the peaks as they were displayed on the
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oscilloscope of the mass spectrometer).

However, the precision of this JInstrumental step
depends on the amount of material injected, the nature of
the internal standard, and the ratio of analyte to internal
standard. In addition, varilations In mass spectrometric
operating conditions have a significant influence on the
measurement. This is especially important when the
analysis is performed over a wide range of isotope ratios
and over a long period of time (long-term precision)
(50-34). To evaluate these factors, replicate analyses of
selected extracts were carried out during the further
development, evaluation and applications of the method so
that the precision of the measurements under the prevailing
conditions was always known (see further Chapfer i,

Section E=3),

2, Precision of the extraction and derivatization
procedure, followed by GC-MS analysis,

Initially, the precision of the extraction and
derivatization followed by GC-MS analysis, was evaluated
only for the analysis of la in serum and |d was used as
internal standard.

Samples (1.0 ml1) of three albumin serum substitute
standard solutions, which respectively contained 30.0
ug/ml, 10.0 ug/ml and 1.0 yg/ml of la, were processed and
analyzed by GC-MS (replicate samples were processed for

each of the serum standard solutions, and each extract was
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analyzed once by GC-=MS), Human drug free serum was not
available at this time and therefore albumin serum
substitute was substituted. The amount of |d that was
added to each sample was equal to its concentration of la,
so that ratios of molecular ion abundances of 1:1 would
result and oscillographic recording would be easy. Due to
excessive instrumental instability (i.e. magnet drift),
which displaced the m/z values of the fons that were
monitored and affected the peak shape, some of the data had
to be discarded. Only these GC-MS runs for which the
measured ion abundances were within the l1inear range were
used for statistical interpretation. The cv for
measurement of the molecular fon abundance ratios of
d-la/d-1d (m/z 280/285) in samples of the 30.0 pg/ml
standard solution was 1.34 % (N=7); for analysis of
samples of the 10.0 ug/ml standard solution, the CV was
1.20 % (N=8); for analysis of samples of the 1.0 ug/ml
standard solution, the CV was 0.74 % (N=6) (Peak heights
measured manually off the oscillographic trace). A better
estimate would have been obtained here by closer attention
to the meznet drift (i.e. the scanned mass range) during
the runs. In further analyses, magnet drift was minimized
by keeping the room temperature below 78°C and was, if
necessary, corrected for in real time (judging from the
appearance of the peak on the oscilloscope 6f the mass
spectrometer).

Samples (1.0 ml) of a human serum standard solution




-67-

containing 10,0 pg/ml of la (and which had been kept
frozen) were processed and analyzed by GC-MS (12 samples of
the serum solution were worked-up, each extract was
analyzed once by GC-MS). To each sample, 10.0 pug of Id was
added after thawing. For N=12, the CV for measurement of
the molecular ion abundance ratios of d-la/d-Id (m/z
280/285) was 1.35 %. The stability of la in these frozen
biological samples was also monitored over a period of six
months. No concentration changes were found. These
results confirmed findings described elsewhere in the
literature (35).

As expected, the experiments indicated that the error
introduced during the work-up of the samples remained
insignificant (most systematic errors during sample work-up
are eliminated by the use of appropriate internal
standards; the main source of inaccuracy is pipetting
error). However, during further development and evaluation
of the method, more replicate and duplicate analyses of the
samples were carried out so that the precision of the

method under the different conditions was known.

3., Precision and effectiveness of the hydrolysis
procedure.
It was first verified that the hydrolysis conditions
did not affect the previously determined precision for la
(i.e. that la was stable under these acid hydrolysis

conditions). Samples (1.0 ml) of a human serum standard
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solution, containing 10.0 pg/ml of la, were subjected to
the acid treatment, 10.0 ug of internal standard (lc) was
added, and they were extracted and analyzed by GC-MS while
control samples were analyzed simultaneously., No
significant differences were found between molecular ion
abundance ratios of d-la/d-lc (m/z 280/290) of hydrolyzed
and non=- hydrolyzed samples (peak heights measured manually
off the oscillographic trace). This confirmed that la is
stable during acid hydrolysis (29).

The usefulness of llc as internal standard for the
measurement of I|la was then evaluated by analysis of
samples (1.0 mi) of a urine standard solution, containing
25.0 ug/ml of lla., The samples (N=8) were subjected to the
acid treatment, 10.0 ung of |Ilc was added, they were
extracted, derivatized and analyzed by GC-MS, The
molecular ion abundance ratios of d-lla/d-llc (m/z 310/315)
were measured and for N=8, the CV was 1.97 % (peak heights
measured manually off the oscillographic trace). This 1low
CV ruled out any deuterium exchange during sample work-up
under these conditions.

The effectiveness of the hydrolysis procedure was
verified on serum and urine samples from patients on
phenytoin (la) therapy, because serum and urine standard
solutions, as prepared by wus, only contained the free
metabolite (lla) and no glucuronide (GlcUA-lla). A series
of 0.5 ml of wurine samples from the same patient were

therefore hydrolyzed in 10 N HC1 at 96°C for different time
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periods up to 90 min (25.0 ug of the internal standard were
added). Duplicate samples were processed at each point,
followed by a single GC-MS analysis for each extract. The
molecular ion abundance ratios (heights) of d-I1 a/d-llc
(m/z 310/315) at each time point are reported in Table
1i-1, part A. These data show that the hydrolysis was
complete after 45 min of acid treatment at 96°C and that
longer acid treatment (up to 90 min) did not affect the
stability of lla. In a second experiment, a series of 1.0
ml of serum and urine samples from different patients were
hydrolyzed for 1 h. To the serum samples, 10.0 ug of lc
and 5.0 ug of 1lc were added; to the urine samples, 10.0
bg of Illc were added. The mean of the molecular ion
abundance ratios of d-la/d-lc (m/z 280/290) and d-lla/d-llc
(m/z 310/315) and the SD and CV of the measurements are
listed in Table 1I1-1, part B, The precision of the
analysis was hereby confirmed and, 1in addition, it was
shown again that la is stable during acid hydrolysis. The
CV (4.1 % for la and 5.3 % for 1la; N=2 or 3) was within
the precision that could be estimated for the overall
analysis under the prevailing conditions. The precision
was not as good as in the previous measurements, because
unexpectedly Tlarge amounts of I|la were found in the urine
samples so that carry-over from one injection into the
other occurred. As explained earlier (see Section C-1)
these samples from patients also contained small amounts of

Ilta, which was not fully resolved from |la under the (at
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TABLE II-1
ANALYSIS OF SERUM AND URINE SAMPLES FROM PATIENTS ON PHT

THERAPY (A) EFFECTIVENESS OF THE HYDROLYSIS PRODECURE [To
0.5 ml of urine, 25.0 ug of (13C15N2D2)-E—HPPH were added
as internal standard.] (B) PRECISION [To 1.0 ml of serum,
10.0 ug of (Dyo)-PHT and 5.0 ug of (*°C1°N,D,)-p-HPPH were
added as internal standards; to 1.0 ml of urine, 10.0 ug

of (13C15N2D2)B;HPPH were added as internal standard.]

(A)
Time Point Height Ratio m/z 310/315
Sample 1 Sample 2
15 min 3.91 4.18
30 min 9.02 9.04
45 min 9.96 9.86
60 min 9.91 9.86
90 min 10.13 10.18
(B)
Sample N PHT Analysis p-HPPH Analysi
Height Ratio Height Ratio
m/z 280/290 m/z 310/315
Mean * SD CV(%) Mean * SD Cv
Patient 1, serum 2 1.37 + 0.06 4.13} 0.581 = 0.011
Patient 2, serum 3 0.386 + 0.017 4.33| 0.514 + 0.021.
Patient 3, urine 3 23.89 £ 1.25
Patient 4, urine 3 10.56 + 0.52Z

S

(%)

1.95
4.12
5.25
4.89
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this time) employed gas chromatographic conditicns. (In
the urine standard solutions which were prepared for the
evaluation of the method no Illa was present and the amount
of material that was injected into the gas chromatograph

was better controlled.)

4. Linearity and accuracy

Samples (1.0 ml) of four human serum standard
solutions, which respectively contained 1.0, 5.0, 10.0 and
25.0 ug/ml of la, were extracted, derivatized, and analyzed
by GC-MS., For each serum standard solution, a single
sample was processed (so that one extract was obtained);
for each extract, duplicate GC-MS analyses were carried
out. To each sample, 10.0 ug of |Id was added. No
hydrolysis step was included. Linearity was demonstrated
by linear regression analysis (LRA) of the mean values of
the molecular 1ion abundance ratios of d-la/d-Id (m/z
280/285) on the concentrations of la. Table I1-2 lists the
measured ion ratios (heights) at each concentration point
and the results from the LRA.

Samples (1.0 ml) of four urine standard solutions,
which respectively contained 5.0, 25.0, 50.0 and 100.0
ug/ml of lla, were hydrolyzed, extracted, derivatized, and
analyzed by GC-MS. For each urine standard solution, four
samples were processed and for each extract, a single GC-MS
analysis was carried out, To each sample, 10.0 ug of llc

was added. Linearity was agailn demonstrated by 1llnear
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TABLE II-2
LINEARITY OF THE METHOD. Sample: 1.0-25.0 pg of PHT/m1l
serum. [To 1.0 ml of serum, 10.0 ug of (D5)-PHT were added

as internal standards]

Concentration Height Ratio m/z 280/290
(ug/ml)
Sample 1 Sample 2
1.0 0.107 0.097
5.0 0.505 0.494
10.0 1.06 1.07
25.0 2.56 2.54

LINEAR REGRESSION ANALYSIS

0.10 x + 0.01

y
T 0.9997
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regression analysis of the mean value of the molecular ion
abundance ratios of d-lla/d=llc (m/z 310/315) on the
concentrations Table I1-3 lists the mean values of fhe ion
abundance ratios (heights) for each standard sample, the SD
and CV of the measurements, and the results of the LRA.

For the measuremenfs reported in this Chapter,
linearity was demonstrated by LRA of the data without
welghting (see Chapter 111, Section E-3). It should be
kept in mind however that linearity can also be shown
graphically by plotting the Isotope ratios against the
concentrations. This 1is not illustrated in this Chapter,
but examples are presented for selected data obtained
during the evaluation of the method (see Chapter I11).

The accuracy of the method was verified for the
determination of la in serum. Serum samples from patients
on phenytoin (la) therapy were analyzed and the results
compared with values obtained by an established gas
chromatographic method, In which 5-(4-methylphenyl)-5-
phenylhydantoin is used as internal standard (36). We used
the previously obtained calibration data for la in serum
(Table 11-2). Only one sample per patient was analyzed.
The results are reported in Table il-4. As Is obvious from
inspection, .the values that we obtained are close to the
values obtained by the on column alkylation technique (V.A.

Hospital Laboratory). We calculated 95% confidence limits
for small sample estimates based on the range for the

calibration curve values (N=2), Confidence 1imits for the
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TABLE II-3

PRECISION AND LINEARITY OF THE METHOD. Sample: 5.0-100.0 upg

of p-HPPH/ml urine. [To 1.0 ml of urine, 10.0 ug of

(13C15N2D2)-E-HPPH were added as internal standard. ]

Concentration N Height Ratio m/z 310/315
(ug/ml) Mean + SD CV (%)
5.0 4 0.664 = 0.035 5.29
25.0 4 2.85 * 0.045 1.60
50.0 4 5.60 =+ 0.016 2.85
100.0 4 10.49 + 0.32 3.08

0.10 x + 0.25

Linear Regression Analysis
0.9995

=
oo
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TABLE II-4

ANALYSIS OF PHT IN SERUM SAMPLES FROM PATIENTS: COMPARISON
OF TWO DIFFERENT METHODS. [To 1.0 ml of serum, 10.0 pg of
(Dlo)—PHT were added as internal standard.]

Sample
Extractive methylation On column hexylation
and GCMS and GC
(our laboratory) (VA Hospital laboratory)
Patient 1 3.06 + 0.64% 3.2 %%
Patient 2 9.71 £ 0.64 9.3
Patient 3 11.76 £ 0.70 11.6
Patient 4 3.72 + 0.64 3.3

* Confidence 1limits (95%) for small sample estlmates
based on the range (see text).

** No statistical data on VA analysis available.
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unknowns were determined by extrapolation. It 1Is «clear

that in this experiment the 95 % confldence range will be
large because it Is only based on two observations. (No

statistical data were available on the V.A. Analysis).
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Chapter 111, EVALUATION OF THE METHOD

A. APPROACH
In order to have conflidence in the continued use of
the method, its performance characteristics were evaluated,
We determined the within-sample and between-sample
precision for analysis of samples from selected serum or
urine standard solutions which contained 1low, normal and

above-normal concentrations of PHT (la), (13015

NZ)-PHT (Ib)
and E-HPPH (1ta). For the within-sample measurements, a
single sample was processed for each of the serum or urine
standard solutions so that one extract per saﬁple was
obtained, and for each extract, replicate GC-MS analyses
were then carried out; for the between-sample
measurements, replicate samples were processed for each of
the serum or urine standard solutions, and each extract was
analyzed once by GC-MS, Appropriate isotopic dilutions
were always employed.

The day-to-day variation of thi. method was determined
for analysis of serum and urine standard solutions
containing therapeutic levels of la, Ib and Ila. A limited
number of replicate analyses were done and the SD and CV
for the between-day measurements of 1{on abundance ratios
was calculated. The data were not subjected to further
statistical analysis because it 1Is evident that the
appropriate use of the stable Isotope dilution technique,

as described in Chapter I, eliminates significant
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day-to-day varlatlon, (Day-to-day variation studies are
only important 1In methods where the concentration of
analytes in (frozen) specimens can cﬁange, where no
internal standards are used, or where calibration data are
not consistent between days. A meaningful analysis of
vaﬁjance (ANOVA) of the within-day and the between-day
measurements then requires more experimental data.)

Additional evaluation of the method involved
construction of standard curves and interpretation of
calibration data covering the appropriate concentration
ranges of la, Ib and lla so that it could be verified that
the relatlonship between fon abundance ratios and
concentrations remained linear. Finally, the short-term
and long-term precision of the GC-MS measurements under
various isotopic dilution conditions was evaluated and the
effect of interferences on the measurement of the analytes
was determined.

For the simultaneous determination of wunlabelled PHT
(la) and (13C15N2)-labelled PHT (Ib) in serum, (Dlo)-PHT
(lc) was always used as internal standard. Additional
evaluations for the simultaneous measurement of unlabelled

and (13C1°

N,)-labeled p-HPPH (tla and 11b) were not
carried out because the chemical behaviour of llb was
assumed to be identical to that of Il a (which had been
proven to be correct for la and Ib).

Precision and linearity were first evaluated for the

simultaneous determination of la (1.0-30.0 ug/mi), |Ib
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(1.0-30.0 ug/ml1) and ila (0,5-10.0 ng/ml1) in serum (i.e.
at concentrations under steady state conditions in most
patients).

Day-fo-day variation was determined for analysis of la
and |b (both at levels of 1.0, 15.0 and 30.0 ug/ml), and
lIla (at levels of 0.5, 5.0 and 10.0 ug/ml) in serum; for
Ita (at levels of 5.0, 25,0, 50.0, 100.0 and 200.0 ug/ml)
in urine, The extra point (200.C wug/ml of [Ila) for
analysis of wurine samples was included because in a
previous experiment (see Chapter ||, Section D-3 and Table
I1-1, part B) it was found that concentrations of lla in
urine of 238 ug/ml could occur (the initially obtained
calibration data only covered a range of 5.,0-100.0 pyg of
Ila/ml urine, see Table [1-3), It was not possible to
extend the calibration further upwards (i.e. to obtain
points for concentrations of lla higher than 200.0 wug/ml
urine) because no accurate urine standard solutions
contalng high concentrations of lla could be made (e.g.
when it was attempted to prepare a urine standard solution
containing 250 ug of lla/ml, lla did not seem to dissolve
completely.) I f in future analyses, urine samples
containing Ila at levels higher than 200.0 ug/ml are to be
analyzed, the concentrations of |Ila will have to be
determined by extrapolation of the calibration data.

Measurement of serum levels of 1.0 ug/ml of la and 0.5
ug/ml of lla under the prevailing conditions (i.e. in most

cases only part of the extract was injected and gas
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chromatographic mass spectrometric operating conditions
were often not thlmized) gave adequate precision., 1t was
therefore assumed that measurements at lower concentrations
would be possible by more careful analysis, and in
particular, by (improving the scanning conditions (see
further Section E-1),. Reliable measurements of 1lower

levels of la, Illa and their (13C15

Nz)-labelled analogs
would have the obvious advantage that less drug would have
to be administered in the studies with human volunteers and
the chance of accidental overdosing of a particularly
sensitive 1individual would be eliminated. Measurements as
low as 0.1 ug/ml of la, Ib and I|la were therefore
evaluated. A downward extension of the calibration data
for both la and Ib to the range of 0.1-30.0 ug/ml; for lla
to 0.1-10.0 wug/ml was accomplished by adjusting the

isotopic dilution,

B. ANALYSIS OF SERUM STANDARD SOLUTIONS CONTAINING 1.0-30.0
UG/ML OF EACH PHT (la) AND (lsclsNz)-PHT (1b) AND
0.5-10.0 uG/ML OF p-HPPH (lla).

1., Precision and linearity

Samples (1.0 ml) of three serum standard solutions
containing la, 1Ib and 1Ila in increasing concentrations

(standard solution #1: 1,0 ug of each la and Ib, 0.5 ug of

Ila; standard solution #2: 15.0 pyg of each la and Ib, 5.0

ug of lla; standard solutlon #3: 30,0 pg of each la and

Ib, 10.0 ug of lla) were analyzed in quadruplicate (i.e.
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for each standard solution, four samples were processed,
and each extract was analyzed once by GC-MS). To each
sample, 10.0 ug of lc and 5.0 ug of Ilc were added. The
mean of the molecular ion abundance ratios of d-la/d-lc
(m/z 280/290), d-1b/d-lc (m/z 283/290) and d-lla/d-llc (m/z
310/315), and the SD and CV of the measurements (N=4) are
listed in Table I11-1. Both height and area measurements
are reported. During the processing of the samples of
solution #1, two samples were lost. During the GC-MS
analysis of the extracts obtained by processing of samples
of standard solution #3, in two (instances samples} were
injected which were so large that the signals at m/z 280
and 283 were off scale and could thus not be used.
Linearity was demonstrated by plotting the mean values
of the ion abundance ratios (as listed in Table 1H1-1)
against the respective concentrations (this is illustrated
for the area meaurements in Figure I11-1; in (a) the area
ratios of m/z 280/290 and m/z 283/290 are plotted against
the respective concentrations of la and Ib, in (b) the area
ratios of 310/315 is plotted against the concentration of
Ila), or by 1linear regression analysis (LRA) of the data

(see Table 111-1).

2.  Day-to-day variation
Samples (1.0 ml) of three serum standard solutlions
containing la, Ib and Ila in increasing concentrations

(solution #1: 1.0 ug/ml of each la and Ib, 0.5 yg/ml of
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Figure Il11-1. Calibration curves for analysis of (a) la and
Ib (b) lla, in serum samples. Sample:
1.0-30.0 ug/ml of each la and Ib, and 0.5-
10.0 ug/ml of lla.

The difference in slope of the calibration curves of

Ia and Ib is explained in the text (p. 108)
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TABLE III-1
PRECISION AND LINEARITY OF THE METHOD. Sample: 1.0-30.0 ug of
each PHT and (}°c!®N,)-PHT, and 0.5-10.0 ug of p-HPPH/ml serum.
[To 1.0 m1 of serum, 10.0 ug of (Dlo) -PHT and 5.0 ug of

(13C15

N2 2) -p-HPPH were added as internal standards.]

PHT
Concentration N Height Ratio m/z 280/290 Area Ratio m/z 280/290
(wg/m) Mean + SD cv (%) Mean * SD cv (%)
1.0 2 0.162 = 0.005 3.06 0.154 + 0.008 5.51
15.0 4 1.76 + 0.04 2.04 1.92 £ 0.01 0.74
30.0 2 3.35 +0.14 4.22 3.81 + 0.06 1.51
(13¢5, )-pH
Concentration N Height Ratio m/z 283/290 Area Ratio m/z 283/290
{wg/ml) Mean * SD cv (%) Mean + SD cv (%)
1.0 2 0.150 + 0.005 3.3 0.137 + 0.008 5.70
15.0 4 1.61 + 0.01 0.78 1.69 + 0.01 0.30
30.0 2 2.97 + 0N 3.81 3.20 = 0.06 1.99
p-HPPH
Concentration N Height Ratio m/z 31 0/315 Area Ratio m/z 310/315
(ug/m1) Mean & SD vV (%) Mean * SD cv (%)
0.5 2 0.158 + 0.00 3.14 0.122 + 0.003 2.32
5.0 4 1.17 % 0.02 1.76 1.09 = 0.02 2.04
10.0 4 2.22 +0.04 1.67 2.14 + 0.04 1.77
LINEAR REGRESSION ANALYSIS
eHT ;
y = 0.11 x + 0.07 y=0.13 x + 0.03
r = 0,9998 r = 0.9999999
log y = 0.89 1og x - 0.79 Tlog y = 0.94 log x - 0.81]
r = 0.9999 r = 0.9999
("3ct®n,) -phr
y=0.10x +0.09 y =0.11 x + 0.06
r = 0.9992 r = 0.9996
log y = 0.88 log x - 0.82 log y = 0.93 log x - 0.86
r = 0.999999 r = 0.999999
p-HPPH
y = 0.22 x + 0.06 y=0.21 x + 0.02
v =0.9998 r = 0.99998
log y = 0.88 log x - 0.54 log y = 0.95 log x - 0.63
r=0.9999 r = 0.99999
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Ila; solution #2: 15,0 ug/ml of each la and Ib, 5.0 ug/mi
of lla; solution #3: 30.0 ug/ml of la and Ib, 10.0 upg/ml
of 1la) were analyzed in duplicate on three consecutive
days (i.e. each day, two samples were processed for each
standard serum solutlion and for each extract, a single
GC-MS analysis was carried out). To each sample, 10.0 yug
of Ic and 5.0 ug of llc were added. The molecular ion
abundance ratios (height and areas) of d-la/d-lc (m/z
280/290), d-lIb/d-lc (m/z 283/290) and d-lla/d-llc (m/z
310/315) are listed in Table 111-2, It Is obvious from
inspection that there are no significant differences
between the within-day and between-day measurements. For
each day, the mean of the ion abundance vratios was
calcutated, and an estimate for the day-to-day variation
was obtained by comparing the results for the three
consecutive days (see Table 111-3 for the statistical
analysis; Mean, SD and CV are listed). These data were
also used to demonstrate linearity: the results from the
LRA of the ion abundance ratios on the concentrations are

also reported in Table 111-3,

C. ANALYSIS OF STANDARD URINE SOLUTIONS CONTAINING
5.0-200,0 uG/ML OF p=HPPH (lla).
1. Precision and linearity
The precision and linearity for measurement of lla in
urine (5.,0-100.0 wug/ml) has been reported in Table I1!-3

(Development of the method). Since Ilb was not available,
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TABLE III-2
PRECISION OF THE METHOD, DETERMINED ON THREE CONSECUTIVE DAYS.
Sample: 1.0, 15.0, and 30.0 ug of each PHT and (-°c!®N,)-PHT,
and 0.5, 5.0 and 10.0 pg of p-HPPH/ml serum.
[To 1.0 m1 of serum, 10.0 ug of (Dlo)-PHT and 5.0 ug of
(13C15N2D2)-E-HPPH were added as internal standards.]

Concentration Day 1 Day 2 Day 3
jull Samgle 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2
PHT
Height Ratio m/z 280/290
1.0 0.136 0.128 0.128 '0.118 0.135 0.123
15.0 1.66 1.69 1.64 * 1.7 1.67
30.0 3.20 3.33 3.26 3.39 3.30 3.28
Area Ratio m/z 280/290
1.0 0.115 0.107 0.108 0.109 0.124 0.115
15.0 1.73 1.76 1.71 * 1.76 1.75
30.0 3.33 3.49 3.48 3.44 3.49 3.52
(13c!5n,) -pur
Height Ratio m/z 283/290
1.0 0.141 0.128 0.124 0.122 0.134 0.137
15.0 1.49 1.52 1.54 * 1.53 1.53
30.0 2.84 2.97 2.95 2.96 2.95 2.96
Area Ratio m/z 283/290
1.0 0.112 0.107 0.106 0.105 0.119 0.119
15.0 1.55 1.57 1.55 * 1.58 1.58
30.0 2.97 3.16 3.06 3.04 3.06 3.10
p-HPPH
Height Ratio m/z 310/315
0.5 0.163 0.142 0.150 0.139 0.150 0.136
5.0 1.12 1.16 1.14 * 1.15 1.21
10.0 - 2.31 * 2.26 * .22 *
Area Ratio m/z 310/315
0.5 0.120 0.116 0.109 0.117 0.125 0.113
5.0 1.08 1.10 1.06 * 1.10 1.1
10.0 2.15 * 2.19 * 2.17 *

* Data were lost because of computer hardware problems.
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_ TABLE I11I-3
DAY-TO-DAY VARIATION AND LINEARITY OF THE METHOD. Sample:
1.0-30.0 ug of each PHT and ('°C!°N,)-PHT, and 0.5-10.0 ug
of p-HPPH/ml serum. '

[To 1.0 ml of serum, 10.0 ug of (Dlo)-PHT and 5.0 ug of

(].3

ClSNzDZ)-R-HPPH were added as internal standards.]

DAY TO DAY VARIATION (N=3)

PHT )
" Concentration Height Ratio m/z 280/290 Area Ratio m/z 280/290
(ug/ml1) Mean + SD cv (%) Mean * SD cv (%)
1.0 0.128 + 0.005 3.58 0.113 + 0.006 5.17
15.0 1.67 + 0.03 1.58 1.74 1 0.03 1.52
30.0 3.28 + 0.0 0.30 3.46 '+ 0.05 1.45
(13c!%n,)-put
Concentration Height Ratio m/z 283/290 Area Ratio m/z 283/290
(ng/ml) Mean + SD cv (%) Mean + SD cv (%)
1.0 0.131 + 0.007 5.51 0.112 + 0.007 5.96
15.0 1.53 £ 0.02 1.00 1.56 =+ 0.02 0.98
30.0 2.94 +0.03 0.98 3.07 % 0.02 0.50
p-HPPH
Concentration Height Ratic m/z 310/315 Area Ratio m/z 310/315
(ug/ml) Mean + SD cv (%) Mean *+ SD cv (2)
0.5 0.147 + 0.005 3.60 0.117 = 0.003 2.76
5.0 1.15  0.02 2.00 1.09 + 0.03 3.32
10.0 2.26 + 0.05 1.99 2.17 = 0.02 0.92
LINEAR REGRESSION ANALYSIS
PHT
y=0.11x+0.03 y = 0.12 x + 0.001
r = 0.99997 r = 0.99999
log y = 0.95 1og x - 0.89 log y = 1.01 log x - 0.95
r = 0.99999 r = 0.999996
(13c!%n,)-pur
y=010x + 0.05 y = 0.10 x + 0.02
r = 0.9998 r = 0.99997
log y = 0.91 log x - 0.88 logy = 0.97 log x -~ 0.95
r = 0.99998 r = 0.9999998
p-HPPH
y=0.22 x + 0.04 y=10.22x +0.01
r = 0.999999 r = 0.99999996
log y = 0.91 log x ~ 0.56 togy = 0.97 log x - 0.64
r = 0.9999 r = 0.99999
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no additional experiments were carried out. Further
information concerning precision and linearity for
measurement of concentrations of llla of 5.0-200.0 ug/ml was
obtained by interpretation of the data in the day-to-day

variation studies.

2. Day-to-day variation

Samples (0.5 ml) of five urine standard solutions,
which respectively contained 5.0, 25.0, 50.0, 100.0 and
200.0 ug/ml of lla, were analyzed in dupliéate on three
consecutive days (i.e. each day, two samples were
processed for each urine standard solution and for each
extract, a single GC-MS analysis was carried out). To each
sample, 10.0 pg of |Ilc were added. The measured ion
abundance ratios (height and area measurements) are
reported in Table Ill=-4, It 1is obvious from inspection
that there are no significant differences between the
within-day and between-day measurements. For each day, the
mean of the ion abundance ratios was again calculated, and
an estimate of the day-to-day variation was obtained by
comparing the results for the three consecutive days (see
Table 111-5 for the statistical analysis; Mean, SD and CV
are listed). These data were used to demonstrate
linearity: plotting the ion abundance ratios against the
respective concentrations resulted in straight lines (as
{1lustrated in Figure 111-2 for area measurement of the

isotope ratios); the slope and intercept of these lines
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Figure I11-2, Calibration curve for analysis of lla in

urine samples.,

Ila.

Sample:

5.0-200.0 ug/ml of
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were accurately defined by LRA of the data (as shown in

Table I11-5).

D. ANALYSIS OF SERUM STANDARD SOLUTIONS CONTAINING 0.1-30.0
WG/ML OF EACH PHT (1a) AND (13¢1oN_)=PHT (1b), AND
0.1-10.0 uG/ML OF p=HPPH (l1la).

1. Precision

The precision of the method was evaluated for serum
levels of 0.1, 0.5 and 30.0 pg/ml of each la and Ib, and
0.1, 0.5 and 10.0 ug/ml of Ila (extreme points of the
calibration data) by replicate analyses (N) of the
appropriate serum standard solutions. (1.0 ml samples of
the standard solutions were processed and 1.0 ug of the
respective internal standard was added). The results are
summarized in Table I11-6.

In addition, the precision of the GC-MS measurement
was evaluated by duplicate GC-MS analyses of extracts
containing increasing amounts of d-la, d-Ib and d-lla and a
constant amount of d-lc and d-llc. These extracts had been
obtained from the following serum standard solutions:
solution #1: 0.1 ug/ml1 of each la, Ib and Ila; solution
#2: 0.5 pg/ml of each la, Ib and lla; solution #3: 1.0
ug/ml  of each la, Ib and lla; solution #4: 10,0 ug/ml of
each la and Ib, and 5.0 pg/ml of Ila; solution #5: 30.0
ug/mi of each la and Ib, and 10.0 ug/ml of Ila). The
measured ion abundance ratios are listed in Table 111-7,

some of the samples containing 30.0 ug/ml of la and Ib and
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TABLE III-6

PRECISION .OF THE METHOD. Sample: 0.1, 0.5 and 30.0 ug

of each PHT and (13C15N2)-PHT, and 0.1, 0.5 and 10.0 ug

of p-HPPH/ml serum.

[To 1.0 ml of serum, 1.0 ug of each (Dlo)-PHT and

(13C15N2D2)-R-HPPH were added as internal standards.]

PHT
Concentration N Height Ratio m/z 280/290 Area Ratio m/z 280/290
(ug/m1) Mean + SD cv (%) Mean + SD - cv (%)
0.1 10 0.133 + 0.007 -8 B 0.077 + 0.006 7.16
0.5 9 0.570 + 0.018 3.10 0.523 + 0.029 5.47
30.0 10 34.22 = 0.81 2.35 39.38 + 1.57 3.98
(13cSn,)-pur
Concentration N  Height Ratio m/z 283/290 Area Ratio m/z 283/290
(ng/ml) Mean + SD cv (%) Mean + SD cv (%)
0.1 10 0.153 + 0.010 6.34 0.096 + 0,011 11.76
0.5 9 0.550 + 0.016 2.85 0.495 + 0.030 6.03
30.0 10 30.80 = 0.66 2.16 35.42 + 1.39 3.9
p-HPPH
Concentration N  ‘Height Ratio m/z 310/315 Area Ratio m/z 310/315
(ug/ml) Mean + SD cv (%) Mean + SD cv (%)
0.1 10 0.127 + 0.004 3.05 0.112 + 0.005 4.64
0.5 10 0.597 + 0.015 2.57 0.590 + 0.018 2.98
10.0 10 10.55 & 0.32 3.03 12.86 * 0.37 2.91
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10.0 g of Ila were injected in too high a concentration
causing the signal to go off scale and the data could
therefore not be used. They were re~injected a few days
later, under improper instrumental conditions (see Section

E"ll) .

2. Linearity

Linearity was demcnstrated using the data 1listed in
Table [I11-7. A linear regression analysis of the mean
values of the ion ahundance ratios (for N determinations at
each point of the calibration graph) on the concentrations
was carried out. Table 111-8 1ists these mean ion
abundance ratios, the SD and CV of the measurements and the
results of the LRA.

Linearity was also demonstrated graphically by
plotting the mean values of' the 1ion abundance ratios
against the concentrations on logaritmic paper, as
i1lustrated in Filgure 111-3 for area measurement of the

isotope ratios.

E. COMMENTS
1. GC-MS measurement

It was found that small gas chromatographic peaks of
the PHT analogs (d-la, d-Ib, d-lc) and "he p-HPPH analcgs
(d=-1la, d-llc) were not well defined by the use of scan
cycles of 4 s and 2 s respectively. The accuracy of the

measurements at low levels of analytes was therefore



TABLE ITI-8

PRECISION AND LINEARITY OF THE METHOD. Sample: 0.1-30.0 pg
of eachi PHT and (13C°N,)-PHT, and 0.1-10.0 ug of p-HPPH/ml

serum. [To 1.0 ml of serum, 1.0 pg of each (Dlo) -PHT and
(13C15N2D2) -p-HPPH were added as internal standards.
PHT
Concentration N Height Ratio m/z 280/290 Area Ratio m/z 280,290
(ug/ml) Mean % SD Mean + SD
0.1 3 0.114 + 0.002 0.097 : 0.002
- 0.5 3 0.538 + 0.009 0.507 + 0.009
1.0 2 1.08 +0.01 1.05 +0.01
10.0 2 9.69 +0.32 10.56 =+ 0.13
30.0 1 30.70 " 32.46
(13w, )-pHr
Concentration N Height Ratio m/z 283/290 Area Ratio m/z 283/290
(vg/ml) Mean + SD Mean + SD
0.1 3 0.117 £ 0.005 0.100 + 0.003
0.5 3 0.506 + 0.012 0.490 + 0.012
1.0 2 0.965 + 0.008 0.968 * 0. 0]2
10.0 2 8.69 +0.11 9.35 +0.08
30.0 1 27.36 29.41
p-HPPH
Concentration N Height Ratlo m/z 310/315 Area Ratio m/z 310/315
(ug/m1) Mean + SD Mean + SD
0.1 3 0.125 + 0.004 0.105 + 0.003
0.5 3 0.575 + 0.014 0.552 + 0.007
1.0 2 1.13 +£0.04 1.12 £ 0
5.0 2 5.73 £ 0.12 5.92 +0.21
10.0 2 10.26 + 0.01 11.18 = 9.18
LINEAR REGRESSION ANALYSIS
PHT y=1.02x -0.07 y=1.08 x - 0.07
r = 0.9998 r = 0.99997
'Iogy=098109x+003 log y = 1.02 tog x + 0.01
r = 0.9999 r = 0.99998
(13c!n,)-put y=0.91 x - 0.04 y=0.9 x - 0.08
r = 0.9998 r = 0.9999
log y = 0.96 log x + 0.002 log y = 0.99 log x - 0.01
r = 0.9998 r = 0.99996
p-HPPH y=1.03 x +0.13 y=1.13 x + 0.04
r=0.99 r = 0.9995
log y = 0.97 log x + 0.06 log y = 1.02 Tog x + 0.05
r = 0.9998 r = 0.9999
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Figure 111-3, Calibration curves for analysis of (a) la and
Ib (b) Ila, in serum samples. Sample:
0.1-30.0 pg/ml of each la and Ib,
and 0.1-10.0 ug/ml of lla.

The difference in slope of the calibration curves of

Ia and Ib is explained in the text (p. 108)
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Figure III-3
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reduced because the statistical variation of ion currents
is determined by both the mass spectrometric conditions
(formation, acceleration and separation of the lons) and
the partitioning process in the gas chromatographic column.
There are two quantities belng measured: 1ion currents
(direct measurement in real time) and the gas
chromatographic elution profile (indirect measurement). It
is therefore not only necessary to monitor the ion currents
for a sufficient time duration; one must also have enough
sampling points to define the gas chromatographic peak.

For more sensitive measurements (as discussed in
Section D), the initially installed power supply was
therefore replaced with a more sophisticated one which
allowed faster scanning of the accelerating voltage. It
was found that one second scan cycles guaranteed accuracy
of both the gas chromatographic and mass spectrometric

measurements of la, Ib and lla at levels of 0.1 ug/ml.

2. lsotopic dilution

It was always kept in mind that optimum precision of
the GC-MS measurements is obtained when the ratios of
analyte to Internal standard are close to unity;
therefore, whenever possibic, the amount of internal
standard was adjusted in regard to the concentration range

to be measured,
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3, Linear Regression Analysis

Calculation of the best straight 1line by 1linear
regression analysis requires that the data conform to four
assumed relationships beween the variables X
(concentrations) and y (lon abundance ratios) (37-39),
Only then can the regression line be used as a calibration
line for determining the concentration of unknowns (reverse
linear regression analysis). First, there should be no (or
as 1little as possible) error in the x values. Second, for
each x value, there exists a population of y values that is
independent of all other y populations. Third, there is a
linear relationship between the x values and the mean of
each population of vy values; fourth, the SD of each
population of y values are equal., The regression 1line is
therefore meaningful only if there 1is a significant
correlation between ion abundance ratios and
concentrations. This correlation is usually indicated by
the correlation coefficient (r). Statistical Tables give
values for r for different degrees of freedom (N-2) and
confidence levels (37, 40). The calculated value of r must
be closer to one than the theoretical value from the Table
if there is to be a significant correlation.

For our studies, we did not anticipate lare errors due
to preparation of the standard solutions so that the
conditions to wuphold the first assumption were met;
therefore a regression of the ({isotope ratios on the

concentrations couid be done. (Concentrations of standard
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solutions are not known with perfect accuracy but typlcally
exhibit a small variance that results from variations in
volumetric glassware. However, this variance is usually
small compared to that of the isotope ratios and can be
controlled by careful sample maniputation.)

The second assumption was only violated when a memory
effect in the gas chromatograph or mass spectrometer caused
each isotope ratio to be influenced by the previous ratio.
Significant memory effects caused departure from linearity
because a linear relationship between concentration and
response ratios is only obtained if no significant
contribution to the response ratio of the compound to be
measured is made by interfering substances.

Therefore, to conform to the third assumption,
linearity, all interfering substances had to be correcte&
for either in real time by background subtraction (use of
cursors) or 1In later data reduction and manipulation
(correction for overlapping ion abundances). The nature of
possible Interferences In our studies has been discussed
above (see Chapter 11-B 3). Methyldocosanoate began to
interfere with the analysis of Ib at levels of 0.1 ug/mi
because of its contribution to the ion abundance at m/z
283, the molecular ion for d-Ib. The magnitude of the
interference remained small and reproducible, and good
precision (CV<5%) and linearity were obtained by excluding
from the measurements these scans where the ester began to

appear. In these analyses, the samples were all prepared
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from the same batch of drug-free serum; the fatty acid
content was therefore the same. Interferences were easily
detected by inspection of the total 1flonization plot (as
illustrated in Figure Hi-u), which  would show
unsymmetrical gas chromatographic peaks. Flgure Ill-ka Is
a display of the total lonization plot constructed during
analysis of a serum sample containing C.1 yg/ml of la, Ib
and lla and 1.0 pg of the appropriate internal standards.
A substantial amount of fatty acids was noticed 1in the
corresponding FID trace. Scan #8, #24 and #37 are
displayed in Figure [II1l1-4, part (b), (c) and (d)
respecively. The peak at m/z 283 in scan #37 (Figure
I11-4d) is due to methyldocosanoate (see mass spectrum in
Figure 11-3), and obviously not to Ib because the signal at
m/z 283 had already disappeared. Interferences caused by
isotopic impurities or natural isotopic abundance ions of
the monitored PHT or HPPH analogs (d-la, d-lb, d-lc, d-lla
and d-llc) were not encountered at this point (see Chapter
Il, Section A; no interferences of such kind exist when
(d-1a, d-1b, d-l¢) and (d-lla,d-lic) are monitored).
Overlapping ion abundances would lead to a departure of
linearity when very high or low ratios of d-IIb to d-llc
would be measured i.e. the extremes of calibration curves,
A correction for the contribution of the trilabelled
contaminant of d-llc to m/z 313 and for the natural
isotopic contribution of d-llb to m/z 315 would then

restore linearity (see further Chapter 1V),
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Figure Il1l-4, Display of (a) the total ionization plot
(TIP) constructed during analysis of a serum
sample containing low levels of la and Ib and
a substantial amount of fatty acids (b) scan
#8 from the TIP (c) scan #24 from the TIP (d)

scan #37 from the TIP.
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The fourth assumption (i.e. that the  standard
deviatlions of small isotope ratios and large isotope ratios
are equal) was wusually not upheld because of ion
statistics: small isotope ratios (although having a larger
relative or percentage error) have a smaller SD than large
isotope ratios. Thus the former are inherently defined
with greater precision and should be given greater
numerical emphasis through weighting. Otherwise an isotope
calibration would result that (is (inaccurate near the
origin. A better estimate for the regression line (i.e.
slope and intercept) can therefore be obtained by e.g.
logarithmic transformation of the data which eliminates the
effect of concentration on the standard deviation (33,34);
this is especially important when the calibration curve
extends over a wide range of concentrations and small
concentrations of unknowns are calculated from the
regression line (see furter Chapter 1V).

It is also Important to consider the long-term
precision and linearity of the GC-MS measurements,
especially when the analysis is performed over a wide range
of Iisotope ratios. Ideally a series of standard samples
should be run with each set of wunknowns, As discussed
befo. = (see Chapter 11, Section D~1), variations in mass
spectrometric operating conditions have a significant
influence on the observed isotope ratios, and this is both
instrument and operator dependent. A change in resolution

€.8. alters the degree of cross talk of lons between
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adjacent masses, A loss of resolution decreases the

relative intenslty of major lons and increases the relative
intensity of minor fons that have neighbouring 1ions of
greater intensity. Mass discrimination reduces the yield
of lons collected at the detector as a function of mass.
The degree of discrimination is altered by source tuning
and will therefore, vary froni one month to the next. Any
increase In the discrimination against higher masses will
reduce the response measured for the 1labelled species.
This will reduce the measured isoiwope ratio and it will
appear that there is less of the labelled species in each
mixture. In addition, despite the case of extreme caution,
contamination of the reference compounds can occur during
storage and handling. |If the contamination is minimal, it
might zo undetected until several analyses have been
performed.

The difference n slope for the regression lines of la
and |Ib is attributed to the different isotopic purity of
the reference compounds. Ib was found to be 94 %
trilabelled (see Chapter VI, Section A); the ratio of the
molecular ion abundances of equal amounts by weight of b
to la will therefore be 0.94. However, non~linear scanning
conditions or interferences at the measured m/z values can
caise this value to be slightly different (see further

Chapter V).
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4L, Height and area measurements

Both height and area measurements of 1icon abundances
were evaluated. Inspection of the Tables IllI-1 through
111-8 indicates that they can both be used with about the
same precision to measure the listed levels of analytes.
However, when ion abundance ratios differ by as much as a
factor of 30, height measurement shows better precision
because it avoids integrating the noise which then
contributaes more to the small signal than to the large one
(e.g. Table 111-7), Peak heights are also superior to peak
areas when the instrumental background 1is high and the
level of analyte is low (e.g. Tables I11-1, II1-7), Under
these conditions, definition of the range over which the
area is to be integrated is 1less precise than the
measurement of the peak height.

Most of the data presented show precision and
linearity under short-term conditions (i.e. GC-MS
measurements of the samples on the same day or under the
same instrumental conditions) during which changes in peak
shape and width (e.g. by magnet drift, source defocusing,
electron multiplier gain) can be avoided or kept constant.
Between days or weeks however, operating conditions can
significantly change (see Section E-3). Depending on the
kind of variation in mass spectrometric conditions, either
height or area measurements will be most precise: when
distorted or slightly saturated peaks are recorded, area

measurements will give a better long-term precision; when



-110-

the resolution changes (especially when large ion intensity
ratios are measured) helght measurements will be more
precise. This can be illustrated for the data reported in
Table 111=-7 for analysis of the extracts containing 30.0
ug/ml of la and Ib and 10.0 pg/ml of lla. These extracts
were re-injected on a different day. For the measurements
of d-la and d-Ib, the long-term precision of the height
measurements was found best (the ratio of ion intensities
approaches 30 and a slight difference in peak shape changed
the baseline resolution). For measurements of d-lla, the
long-term precision of the area measurements was better
(defocusing of the 1ion source resulted in distorted peak
shapes and electrical noise resulted in split peak tops).
Because of time constraints, it 1Is Impossible to
evaluate the relative importance of height and area
measurements for every series of samples that is analyzed.
Therefore, the decision on whether to measure heights or
areas must be based on inspection of peak profiles to
maintain the best consistency of the specific set of

measurements.
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Chapter 1V. APPLICATIONS: DEMONSTRATION OF THE ABSENCE OF

"IN VIVO' ISOTOPE EFFECTS IN THE METABOL!SM OF
(13C15

VOLUNTEERS,

Nz)-PHT (Ib) IN DOGS AND HUMAN

A. APPROACH

'in vivo'! isotope

To demonstrate the absence of
effects in dogs and human volunteers, a mixture of la and
Ib was administered intravenously to dogs and human
volunteers. Ib had been formulated for intravenous
injection by Warner-lambert/Parke Davis in a manner similar
to their marketed Dilantin® ("Phenytoin sodium injection",
containing 50 mg/ml of the sodium salt of la). Equal
volumes of solutions containing the same concentrations of
la and Ib (as sodium salts) were therefore mixed in sterile
syringes of 10 ml (estimated accuracy: 0.2 ml); these
mixtures were diluted with normal saline to a concentration
of 10 mg/ml of total phenytoin sodium and infused as
described in Chapter VI. Serial blood samples were then
drawn and urine samples collected and the concentrations of
la and Ib and their respective metabolites were determined.

by GC-MS. The ratio of unlabelled to (+3¢l3

N2)-]abelled
drug and metabolites could so be followed throughout the
serial collections, and the pharmacokinetic parameters for
la and |Ib could be computed. A constant ratio of
unlabelled to (13C:“h2)- labelled drug and metabolites, and

identical pharmacokinetic parameters would indicate that
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there is no isotope effect in the the 'in vivo! metabolism
of Ib. The ratio of the two drugs infused was not exactly
1.00 because of differences between batches of drug and the
difficulties in accurately measuring the volume wusing
ordinary syringes. For this reason, the exact ratio of la
to Ib in the mixture to be infused was determined by GC-MS
in the studies with human volunteers.

In the studies with dogs, serum samples were obtained;
for the studies on human subjects, plasma samples were
preferred because the preparation of plasma samples has the
advantage that the risk of haemolysis is reduced and that
the sample can be centrifuged immediately after adding the
anticoagulant. (Serum is obtainéd from blood which has has
not been  made unclottable by the addition of
anticoagulants; the blood is allowed to clot spontaneously
in the centrifuge tubes at room temperature; to obtain
plasma, an anticoagulant 1is added to the blood samples
before centrifugation.)

In dog samples, both m-HPPH analogs (llla and I11b)
and p-HPPH analogs (Ila and 11b) were measured, because the
m-HPPH is the major metabolite (ratio m=-HPPH/p-HPPH is 3:1)
(3). The permethylated derivatives of Illa and |[Illb
(d-111a and d-I1llb) appeared fully separated from the
permethyliated derivatives of Ila and Ilb (d-lla and d-I11Ib)
on a 6 ft 0V-17 column, programmed from 210-320°C at 8 °/min
(on a 3 ft OV-17 column they were not completely resolved,

so that separate measurement of the m-HPPH analogs and the
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E-HPPH analogs was not possible), Because, initially, the

method had only been evaluated for the determination of the

p-hydroxylated metabolites (by use of serum and urine

standard solutions containing known amounts of |l a, see
Chapter I1l1), a re-evaluation was carried out for the

simultaneous determination of the m-hydroxylated and the

p-hydroxylated metabolites in the same serum or urine

sample (for these experiments, serum and urine standard

solutions containing known amounts of Illa and Ila weie

used).

The concentation of unlabeiled and (ISCISNZ)-labelled
drug and respective metaktolites in the serum (plasma) and
urine samples from dogs and human subjects was calculated
by the wuse of the slope and intercept of corresponding
regression lines. These regression lines were obtained by
analysis of a series of serum, plasma or urine standard
solutions (see Chapter Ill E-3). As will be discussed in
Section B-la of this Chapter, regression lines obtained by
LRA of the molecular ion abundance ratios of d-lllb/d-1llc
and d-llb/d=-llc on the respective concentrations of Illb
and llb, were not available during the studies with dogs;
therefore, the regression lines obtained by LRA of the ion
abundance ratios of d-llla/d-Ilc on the concentrations of
Illa, and by LRA of the ion abundance ratios of d-Il a/d-llc
on the concentrations of lla were used to <calculate the
concentrations of |Illb and |Ilb respectively (i.e. the

(ISC‘l%z)-labelled analogs). For the studies on human
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subjects, (1§31ﬁ92)-1abelled p-HPPH (11b) was synthesized
because it was anticipated that the serum samples from the
human subjects would contain low levels of metabollites and
the availability of regression lines relating the measured
isotope ratios of d=llb/d-llc to the concentrations of I!b
would certainly increase the accuracy of the measurements,
During analysis of the samples of the first humzn
subject, significant irreproducible Iinterferences from
methyldocosanoate (X), interfering with the measurement of
d-1b, were noticed on a 3ft 0V-17 column (apparently the
serum fatty acid content was high and not constant over
longer periods of time). Attempts to obtain better gas
chromatographic resolution were therefore undertaken
because excluding from the measurements the scans where the
interference started to appear (as discussed 1in Chapter
111, Section E-=3) did not guarantee good accuracy and
precision anymore. (Pre-extraction with hexane had not
given satisfactory results.) A6 ft OV-17 column resulted
in better separation between the gas chromatographic peaks
of (d-la, d=Ib, d=ic) and (X) but was still not adequate to
accurately measure low levels of Ib in the presence of high
levels of (X). The (d-la, d-Ib, d=1c) peak appeared gas
chromatographically resolved from (X) on a 6 ft 0V-101
column, temperature programmed from 180-310°C at 12 °/min;
for the further analysis of samples from human subjects, we
therefore substituted an GV-101 column for the previously

used 0V=-17 columns.
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B. STUDIES WITH DOGS
1. Data acaquisition and processing
la. Gas chromatographic mass spectrometric measurement

Under the in Secfion A described gas chromatographic
conditions fér the analysis of sample§ from dogs, the
permethylated derivatives of the PHT analogs (d-la, d-Ib,
d-lc) were not separated; they eluted 1in a sharp gas
chromatographic peak. Measurement of ion currents
proceeded as outlined in Chapter VI, i.e. isotope ratios
of unknown to internal standard were calculated for every
scan taken during the elution of (d-la, d-lb, d-lc) and
then averaged over a selected range of scans.

.The permethylated derivatives of thé m-HPPH analogs
(d=11la, d=-111b) were gas chromatographically resolved from
these of the E-HPPH enalogs (d-Ila, d-Ilb, d-=llc) and
measurement was accomplished as follows: for every scan
taken during elution of (d-lla, d-llb, d-llc), molecular
ion abundances at m/z 310, 313 and 315 were measured; for
every scan taken during elution of (d-I1tla, d-I1l b),
molecular ion abuandances at m/z 310 and 313 were measured.
The amount of Illa and Illb was determined as the ratio of
the summed ion abundances at respectively m/z 310 and 313,
measured during the elution of (d-illa, d-Ilib), and the
summed 1ion abundances at m/z 315 measured during the
elution of (d-Illa, d=lIb, d-llc); the amount of |Ila and
Ilb was determined as the ratio of the summed ion

abundances at respectively m/z 310 or 313, measured during
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Figure IV-1, Display of (a) the total ionization plot {(TIP)
constructed during analysis of a serum sample
from a dog (b) scan #7 from the TIP (c) scan

#29 from the TIP (d) scan #42 from the TIP.
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elution of the p-HPPH analogs and the summed fon abundances
at m/z 315, measured during elution of the (d-lla, d-11b,
d-1lc). Figure 1V-1 shows in (a) a display of the total
ionization plot (TIP) constructed during analysis of a
serum sample from a dog and in (b), (c) and (d),
respectively, the mass ranges scanned for the measurement
of the molecular ion abundances of the permethylated PHT
analogs (d-la, d-1b, d-lc) (b) the permethylated m-HPPH
analogs (d-1tla, d-11ib) and the permethylated p-HPPH
analogs (d-lta, d-lib, d=llc), As indicated by the arrows
on the TIP presented in (a), the displays in (b), (c) and
(d) represent scans #7, #29 and #42, vrespectively. When
these data were takén, the region of m/z 280-290 was
scanned every 4 s (for the monitoring of the PHT analogs);
the region of m/z 310-315 was scanned in 2 s scan cycles
(for the monitoring of the m-HPPH and p-HPPH analogs).

The mass spectra of d-llla and d-lla are presented and
discussed in the Appendix, Figure A-2, b and a (see also
Ref. 3). It can be seen that the relative abundances of
the molecular ions are identical so that no systematic
error is introduced in our measurements (only in the
further fragmentation, differences in ion abundances are

important because of favored fragmentation pathways).

1b. Linearity and Precision
Linearity was demonstrated for measurement of la
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and 1lla (0,5-5,0 pg/ml) in serum; for measurement of Ila
(5.0-200.0 ug/ml) and llla (5.0-200.0 ug/ml1) in urine. For
this experiment, 1,0 ml serum standard solutions containing
increasing concentrations of la, Ib, lla and Illa (10.0 pg
of lc and 2.0 pug of llc were added as Internal standards),
and 0.5 ml urine standard solutions containing increasing
concentrations of Illla and Ila (10.0 ug of llc were added
as internal standard) were processed. For each standard
solution, duplicate samples were worked up. The wurine
samples from the dogs (0.5 ml) were processed along with
the urine standard samples; the extracts were stored in
the freezer at =4 °C and analyzed 1later by GC-MS (see
further Section B-1lc of this Chapter).

Each extract from the serum standard sclutions was
analyzed in duplicate by GC-MS; for the extracts of the
urine standard solutions, duplicate GC-MS measurements were
carried out for each extract obtained from standara
solutions containing 5.0, 25.0 and 200.0 ug/ml; a single
injection was done for the remaining extracts. Tables V-1
and IV-2 list the ratios of the molecular ion abundances
(areas) of d-la/d-lc, d=Ib/d-1c, d-Illa/d-1lc, d-lla/d-Ilc
(m/z 280/290, m/z 283/290, m/z 310./315, m/z 310p/315,
respectively) for each injection and the mean value for
each sample (¥1,72). it should be kept in mind that during
the experiments involving the analysis of samples from
dogs, lon currents at m/z 310 and 313 were measured for

both E-HPPH analogs and E-HPPH analogs. The ion current at
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m/z 310 and 313 measured during elution of the m-HPPH
analogs is therefore referred to In the text as m/z 310,
and m/z 313, ; the ion current at m/z 310 and 313 measured
during elution of the p-HPPH analogs is referred to as m/z
and 313.. This convention is also followed in Tables

P p
IVv-1 through 1V=-12 (analysis of samples from dogs). For

310

each serum standard solution, i.e. at each concentration

point, the mean value of the ion abundance ratios (F1,%2)
and the SD of the measurements were then calculated and
regression of these mean values on the corresponding
concentrations defined the best straight line and
correlation coefficient. For the analysis of la and Ib in
serum, only three GC-MS measurements are reported because

data were lost by computer hardware problems.

ic. Analysis of the dog samples

For each serial urine and serum collection taken from
the dogs (for protocol see Chapter Vi, Section D; the
samples were numbered in the order of collection) duplicate
samples were worked up, and each extract was analyzed once
by GC-MS. For serum, 1.0 ml samples were extrécted and
10.0 pg of Ilc and 5.0 ug of llc were added as internal
standards. For urine, 0.5 ml samples were extracted and
10.0 pg of llic were added as internal standards. Blanks
(i.e. serum and urine samples collected before infusion of.
ta and 1Ib, and to which no internal standard was added)

were always included.
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The serum samples were processed on three different
days; each day, a corresponding series of serum standard
solutions containing increasing concentrations of la, Ib,
Illa and !la was included. Along with the processing of
the samples from Dog #1 and Dog #3, the serum standard
solutions were worked up once; along with the processing
of the samples from Dog #, the serum standard solutions
were worked up in duplicate. The calibration data are
summarized in Table IV=3. LRA of the listed ratios of
molecular ion abundances (areas) of d-la/d-lc, d-Ib/d-lc,
d-11la/d=11c and d-lla/d-llc (m/z 280/290, m/z 283/290, m/z
310p,/315, m/z 310p/315, respectively) on the corresponding
concentrations of la, Ib, Illa and lla, defined slope and
intercept of the best straight lines. Attempts were made
to analyze the extracts from the serum samples and the
respective standard samples by GC-MS on the same day or
under the same instrumental conditions.

A1l the urine samples from the dogs were processed
during the same day, along with the previously described
series of urine standard solutions. When the urine
extracts from the dogs were analyzed by GC-MS, the validity
of the previously obtained regression lines (Table 1V-2)
was verified in two separate instances by replicate GC-MS
analysis of selected extracts from these previously
processed series of standards, and statistical comparison
of the, on the different occasions, measured ion abundance

ratios. Extracts from the urine standard solutions
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TABLE IV-3
ANALYSIS OF SERUM SAMPLES FROM DOGS: CALIBRATION DATA FOR
ANALYSIS OF SAMPLES FROM (A) Dog 1; (B) Dog 2; (C) Dog 3.
Sample: 1.0-30.0 ug of each PHT and (13C15N2)-PHT, and 0.5-
5.0 ug of each m-HPPH and p-HPPH/ml serum. [To 1.0 ml of serum,
10.0 pg of (D;,)-PHT and 5.0 ug of (13ct°N,D,) -p-HPPH were

added as internal standards.]

(A)
Concentration N Linear Regression
Area Ratio Analysis
ug PHT/ml m/z 280/290
B 1 025 y = 0.12 x + 0.01
30.0 1 3.49 r = 0.9939
ug (13C15N2)- Area Ratio
PHT/ml m/z 283/290
20 1 0.399 y = 0.11 x + 0.01
30'0 1 3.16 r = 0.999995
ug QFHPPH/ml Area Ratio
m/z 310 /315
m
0.5 1 0.126
1.0 1 0.227 y = 0.28 x - 0.03
5.0 1 1.364 r = 0.9996
ug p-HPPH/ml Area Ratio
m/z 310p/315
0.5 1 0.131
1.0 1 0.243 y i 0.29 x - 0.03
5.0 1 1.434 r = 0.9997



TABLE IV-3, continued

(B)

Concentration N Sample #1 Sample #2

pg PHT/ml

ug (3choN,)-

PHT/m1
1.0

15.0
30.0

ug m-HPPH/ml

= o
oo u

ug p-HPPH/ml

U= O
. . .
ooun

NN NN N NN

NN N

W= O

N = D

HOO
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Area Ratio

m/z 280/290
113 0.115
.65 1.61
.21 3.21

Area Ratio

m/z 283/290
.103 0.099
.42 1.42
.82 2.85

Area Ratio
m/z 310m/315

.096 0.089
.183 0.210
.058 1.144

Area Ratio
m/z 310p/315

.112 0.113
.180 0.190
.089 1.071

1,42

N O N~ O

o O

.114
.63
.21

.101
.42
.84

.093
.197
.101

113
.185
.080

Linear
Regression
Analysis

11x+0.01

y=0.
r=0.99997

.09x +0.005
.999999

=<
oo

I n

.22x-0.02
.99997

=<
non
[N

.22x-0.01
.9994

=<
noun
oo



TABLE IV-3, continued
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Concentration

pg PHT/ml

ug m-HPPH/ml

V1= O
. L] .
oo wm

ug p-HPPH/ml

n=o
. . .
oowm

N

P
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Area Ratio
m/z 280/290

0.110
1.57
3.19

Area Ratio
m/z 283/290

0.102
1.40
2.86

Area Ratio
m/z 310m/315

0.131
0.279
1.448

Area Ratio
m/z 310p/315

0.128
0.227
1.255

Linear Regression
Analysis

y = 0.11 x - 0.005
r = 0.99995

y = 0.10 x - 0.005
r = 0.9999

y = 0.29 x - 0.01
r = 0.999999

y = 0.25 x - 0.01
r = 0.99976
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containing 50.0 and 100.0 pg/ml of each Illa and Ila were
re-injected; they contained 25.0 and 50.0 ug of each Illa
and Ila (0.5 ml! of urine had been extracted), and 10.0 wug
of Ilc. These experiments were carried out when the urine
samples from Dog 1 and Dog 3 were analyzed. Table V-4
part A, lists the ratios of molecular ion abundances of
d-t1tla/d-11c (m/z 310 /315) and d-lla/d-llc (m/z 310 /315),
measured in the extracts from the urine standard solutions
under the same conditions as the isotope ratios in samples
from Dog #1 and Dog #3 were measured. The ratios were
compared (t-test, Table IV-4 part B) with the previously
obtained values (Table 1V-2) and in all cases, the
difference in the ratios was not considered to be
significant at the 95 % confidence 1level because the
calculated values of t were smaller than the tabulated
values for t (P=0.95) (37).

Table 1IV-5 1lists the ratios of molecular ion
abundances (areas) of d-la/d-lc, d=Ib/d-lc, d=-Ilta/d-llc,
d-111b/d=-11c, d=tla/d-llc and d-tIb/d-llc for the serial
serum collections from the three dogs. Table IV-6 lists
the ratios of the molecular ion abundances (areas) of
d-111a/d-11ec, d-1lib/d-1lc, d-1la/d-llc, d-IIb/d-llc for
the serial urine collections from the three dogs. For some
extracts only one useful measurement was obtained because
either computer hardware problems led to loss of the data,
or inappropriately set electron multiplier voltages caused

the 1ion current to go off scale. The appropriate
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TABLE IV-4

ANALYSIS OF URINE SAMPLES FROM DOGS: VALIDITY OF PREVIOUSLY
OBTAINED CALIBRATION DATA (A) REPLICATE INJECTIONS OF
STANDARD URINE EXTRACTS CONTAINING 25.0 AND 50.0 ug OF EACH
m-HPPH and p-HPPH, AND 10.0 ug of (13¢!N,D,) -p-HPPH

(B) t-TEST.

(A)
Concentration N Sample #1 Sample #2 #1,#2 + SD Sample #1 Sample #2  #1,#2 * SD
(ug p-HPPH :
and m-HPPH)
Area Ratio m/z.310m/315 Area Ratio m/z 310p/315
*& 25.0 2 3.55 3.63 2,59 + 0.06 | 3.44 3.47 3.46 + 0.02
50.0 1 6.8 * 6.84 6.67 * 6.67
ik 25.0 1 3.47 * 3.47 3.37 * 3.37
50.0 1 7.09 * 7.09 6.77 * 6.77
wkkk 25.0 2 3.88 3.54 3.71 £ 0.24 | 3.41 3.39 3.40 + 0.01
: 50.0 2 7.4 7.49 7.45 + 0.06 | 6.85 6.94 6.90 + 0.06
{8)
Concentration Degrees of Freedom t-test for area ratios t-test for area ratios
(ng p-HPPH (D.f) m/z 310m/315 m/z 310 /315
and m-HPPH) P
*k 25.0 2 0.71 3.79
50.0 1 - 8.30 3.29
*xx 250 1 1.21 2.45
50.0 1 4.90 1.77

Critical Tabulated Values for t (P = 0.95) 1 b.f 12.7
(Ref. 37) 2 D.f

Xy - X%

** Injection of the standard extracts when the samples from dog 3 were analyzed.
*+* Ipjection of the standard extracts when the samples from dog 1 were analyzed.

+x#x Ratios from Table IV-2.
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regression lines were used to calculate the concentrations
of la, Ib, Ilta, Illb, tla and Ilb in serum (ug/m1) and
f1ta, 1tlb, 1la and Ilb in wurlne (ug/0.5 ml); the
concentrations (Mean and SD for the duplicate analyses) ai2
listed In Tables 1V=-7 (serum values) and [V-38 (urine

values).

1d. Comments

The chemical work-up of serum samples was found to be
mora time-consuming than that of the urine samples; two
internal standards had to be added to the serum samples (lc
before the hydrolysis, llc after the hydrolysis), and
separation of layers after extraction of the serum samples
with MIBK required longer centrifugation and had to be done
more carefully due to the rformation of a rather stable
emulsion. |t was therefore not possible to extract all the
serum samples from the three dogs (in duplicate) and the
appropriate standard samples during a single day.

For the LRA, the Jlogarithmic transformation of the
data was omitted because for the small concentration range
monitored for the serum samples, the accuracy of the
results would not be improved significantly by weighting of
the regression line. 'For urine, the concentrations of
ltta, I11lb, lla and llb in the urine samples from dogs were
very high so that the upper part of the «calibration curve
was most representative to calculate the concentrations of

unknowns. Again, weighting the smaller ion abundances
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would not significantly Iimprove the accuracy of the
results. In addition, for these studies, the ratios of
unlabelled to (13C]jNZ)-labelled analogs was close to unity
so that a slightly different value for slope and intercept
of the regression 1lines would introduce the same bias in
the concentration of wunlabelled and (13C15N2)-labelled
analogs. This would, therefore, not change the ratio of
unlabelled to (13015N2)-Iabelled drug and metabolites and
wéuld also not result in different pharmacokinetic
parameters.

The regression lines of the ratios of the molecular

ion abundances of d-illa/d-llc and d-1la/d=-llc on the

concentrations of Illa and lla, respectively, were used to
calculate the concentrations of the respective
(13C15N2)-labelled analogs (lI1l1b and [11b). The values

obtained for I1l1lb and 11lb were therefore multiplied by
1.06, because the administered la (and therefore also the
resulting metabolites) were only 94 % trilabelled, i.e.
the ratio of la/lb is 1.06.

Because of time constraints, it was impossible to
evaluate the relative importance of height and area
measurements for every set of samples that was analyzed.
Area measurements were chosen because it was anticipated
that these studies with dogs would require a few weeks of
analysis time under possibly changling Instrumental
conditions that could affect the peak shape (see Chapter

111, Section E-4),
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The high SD for the measurement of 1Ila and Illa at
concentrations of 200.0 ug/ml in the urine standard samples
(see Table 1V-2) was attributed to memory effects 1in the
GC-MS system.

Several comments on the GC-MS analysis of the wurine
and serum extracts are in order.
1. For measurement of d=1lb in serum samples from dogs, the
measured ion abundances at m/z 313 were corrected for the
contribution of the trilabelled contaminant of the internal
standard (d=llc) at this value. This was necessary because
low isotope ratios (m/z 313/315) were measured. For each
series of GC-MS measurements, the exact correction factor
was determined by measuring the ion abundances at m/z 313
when an extract from the standard samples was injected.
These extracts did not contain [11b; therefore, the
méasured ion abundances at m/z 313 indicated the magnitude
of the interference under the instrumental conditions
employed. For d-1l1lb, no such corrections were necessary
because d-lllb and d-llc were gas chromatographically
resolved. No corrections were made for the contribution of
natural isotope abundance from d-llb to the measured ion
abundances at m/z 315 for the internal standard (d-llc)
because the amount of 1lb in the samples was always small
compared to the amount of llc that was added (i.e. low
isotope ratios of m/z 313/315 were measured).
2. The relatively large variability of the within-sample

measurements in serum (duplicate analysis of the same
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sample) was mainly due to the fact that the serum samples
contained low levels of Illa, 1lib, Ila and Ilb so that the
elution profile of (d-lila, d-=Il1lb) and (d-lla, d-11b,
d-11c) could not well be defined with 2 sec scans. The
mass spectrometric measurements required a high electron
muitiplier gain and some of the measured ion currents were
close to the S/N 1limit. Small changes in‘ the gas
chromatographic or mass spectrometric conditions had a
profound effect on the isotope ratios ratios. Slight
changes in gas chromatographic conditions resulted in a
worse precision for measurement of d=-11la and d=11lb, while
a 1light 1Increase in column background at m/z 315 made it
difficult to define the abundances of the molecular lons of
d-llc at m/z 315. In the latter case, a correction of the
ion abundances at m/z 313 , measured for d-1lb was also
difficult (for these corrections, a percentage of the ion
abundance at m/z 315 was subtracted from the ion abundance
at m/z 313; the determination of this correction factor
has been discussed on the previous page).

3. For measurement of d-1lb in urine samples from dogs, the
contribution of interfering ion abundances from the
internal standard (d-llc) to the measured m/z 313 values
was neglible because of the high levels of metabclites, and
corrections at m/z 313 were unnecessary.

L. The calibration data for the analysis of urine samples

covered concentrations of lla and Illa ranging from

5.0-200.0 ug/ml, becaqse these levels were expected in the
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samples from the dogs. To 0.5 ml of urine, 10.0 ug of llc
were added so that Isotope ratios close to unity would
Eesult. The standard samples also contained equal amounts
of Ila and Illa. Gas chromatographically, d-=!lla and
(d=1la, d-llc) appeared fully resolved and the d-Illa peak
was always smaller than the (d-1la, d-llc) peak, because
d-1lc 1s a p-HPPH analog. However, in the urine samples
from the dogs, roughly three times as much Illa and Illb as
lla and l1b were present and both 1iIn very high
concentrations (for measurement of the m-HPPH analogs,
ratios of d-=llla/d-llc and d-ll1lb/d-llc as high as 30 were
measured when 10.0 ug of llc had been added as Internal
standard to 0.5 ml samples, see Table IV-6). These high
concentrations were unexpected; they were later attributed
to the fact that the air-conditioning was not working in
the cages where the dogs were kept, resulting in
extraordinarily small urine volumes. [n the urine samples
from the dogs, the gas chromatographic peak of (d-llla,
d=-111b) was always larger than than the gas chromatographic
peak of (d-lla, d-11b, d=Ilc). In most cases, too much
material was injected onto the gas chromatograph (in order
to measure the 10.0 ug internal standard) so that
overloading of the column occurred and the permethylated
derivatives of the m-HPPH analogs tailed into these of the
EfHPPH analogs. This broadened elution profile of (d-llla,
d=111b) became cven more visible in the TIP, and it was

difficult to define exactly the elution profiles of
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(d=11ta, d=111b) and (d-lia, d-1Ib, d-1lc). In addition,
overloading of the column resulted in high memory effects,
so that the within-sample and between-sample precision of
the GC-MS measurements was Wworse than the previously
defined 5 % CV.

5. Attempts were madé to calculate the concentrations of
i1ta, 111b, Ila and Ii1b in these urine samples from dogs by
use of the appropriate regression lines, but it is evident
that the systematic error In the definition of the elution
profiles reduced the accuracy of the results. |In addition,
jon ratios larger than 15 (measured for d-1lla/d-llc and
d-111b/d-11c, see Table 1V=6) were beyond the range of the
regression lines and the extrapolated concentrations were
inherently less accurate. Also, no corrections were done
at m/z 315 for overlapping natural abundance ions from high
levels of d-11b (The natural abundance of C18 H18 03 N2 at
M+2)t is 2.62 %, Ref. 41). The reported values for the
concentrations of Illa and lla and their (13C15N2)-1abe11ed
analogs (Illb and 11b) are therefore slightly lower than
the real values. However, this bias is the same for
unlabelled and (}SCISNZ)-labelled analogs because the error
is introduced in the measurement of the internal standard
(at m/z 315) and the ratio of unlabelled and
(13015N2)-labelled metabolites Is close to unity so that

LRA again introduces the same bias (see also p 131).
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2, Interpretation of the results

As outlined in section A of this Chapter, demon
stration of the absence of 'in vivo' isotope effects in the
metabolism of Ib in man could be shown 1in two ways: it
could be verified 1. that the pharmacokinetic parameters
for la and Ib were identical, and 2. that the ratio of
unlabelled to (13C15N2)-labelled drug and metabolites
remained constant throughout the collection periods.

Pharmacokinetic analyis involved calculation of the
slope (B) and intercept (B) of plots of concentration of la
and |Ib in plasma versus time, These parameters were
calculated from the measured serum concentrations of la and
Ib (see Table 1V-7). The elimination half-life (t% ),
volume of distribution usingthe area method (Vd) and total
clearance were then calculated as described by Greenblatt
et al. (42). The pharmacokinetic parameters for la and Ib
aré éﬁhmarized in Table 1V-9, The parameters are virtually
identical for every parameter for each dog. There was no
trend toward any significant difference 1in distribution,
elimination or clearance of the two forms of phenytoin.
| Calculation of the ratios of unlabelled to
(13C‘1m2)-labelled drug and metabolites was approached in
two ways: both the ratios of the concentrations of
unlabelled to (13C15N2)-labelled analogs (la/lb, llta/lllb,
tla/llb), and the ratios of molecular ilon abundances of the

monitored permethylated derivatives of the unlabelled to

the (13c15N2)-1abe11ed analogs (d-la/d-1b, d-1lla/d-111b,
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TABLE IV-9

PHARMACOKINETIC PARAMETERS FOR PHT AND (13C15N2)—PHT IN

THE STUDIED DOGS.

T%* Vd* Clearance
hours liters/kg ml/min/kg
Dog 1
PHT 2.43 1.93 4.88
(FPclon,)-pHT  2.49 1.06 4.93
Dog 2
PHT 4.72 1.65 4.04
(13ctNy) -pHT 4.70 1.63 4.00
Dog 3
PHT 3.60 1.51 4.86
(Pclon,)-pHT  3.76 1.62 4.98

* For abbreviations, see text (Chapter IV, Section B-2).
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d-l1la/d-11b) were calculated.

Table 1V-10 lists the ratios of the concentrations
(Mean and SD for the duplicate analyses) of unlabelled to
(13C15N2)-1abelled analogs in serum and urine, The

tabulations demonstrate the constancy of the ratio of

la/lb, 1lla/lllb and Ila/llb throughout the serial serum
collections, and of Illla/lllb and lla/llb throughout the
serial urine collections. As discussed previously,

interferences were corrected for by use of corresponding

calibration data (i.e. for la, regression 1lines of the

- molecular ifon abundance ratlios of d-la/d-Ic on the

respective concentrations of la; for Ib, regression lines
of the molecular ion abundance ratios of d-lb/d=-lc on the
respective concentrations of Ib)., |t was hereby assumed
that the amount of interference was the same for standard

solutions and unknowns. Calibration data were also

available for the analysis of Illla and lla, but for the
analysis of IlIlb and Ilb, no regression lines of the
molecular ion abundance ratios of d-11lb/d- llc and
d-11b/d-11c on the respective concentrations of |Illb and

Ilb, were available, Use of the regression 1lines of
molecular ion abundance ratios of d-11la/d-llc and
d-1la/d=-llc for calculation of Illb and Ilb, respectively,
gave less accurate results (especially for serum samples
containing low levels of Illb and 1Ib).

Table IV-11 1ists the measured fion abundance ratios

(Mean and SD for fhe duplicate analyses) for unlabelled to



*(9-Al Pu® G-A] S3lqel 33S) Pau}vIQO SBM JUBWIUNSEIW |NJASN 3u0 ALUQ »

£0°0 ¥ 0°L 070 F60°L  10°0 ¥ S0°L 2 o
070 % 1"t 10°0  9L°L 200 7 £L° L 070 % pl°L 0750t AT
T 2L 90°0 ¥ LL°1 0°0F0°L 10707 90°L 2
. 2lt . o2lt $0°0 ¥ 0°L 10°0 7 0L°1 07 50°L A B
TR TR 90°0 F L1 007 L'l 1070 F £0°L 2 U
200 % LL°L REXTH . 00 % LL°1 0°0580°L 1070 ¥ 80°L 2 W
¢ 6og
20°0 ¥ 86°0 0750 100 7 86°0 2 o
07 10°L 0¥ 201 90°C ¥ 86°0 0% (650 1070 % £6°0 A"
07201 100 ¥ 20°1 0% L6°0 100 7560 10°0 ¥ £6°0 2
20°0 ¥ 66°0 100 ¥ 10°1 . 2001 « 101 .« 860 2 o
£0°0 ¥ 00°1 100 F 20°1 20°0 ¥ 50° 1 €0°0 5 66°0 2070 ¥ 86°0 : o
«  £0°1 « g0l 0% 670 20007 10°L 100 7 6670 AT
. 2 og
(oM ]
3 20°0 ¥ £0°1 0707 L'l $0°0 F L0°L Z o
_ « oL . 0L . 80°1 +  80°L  t0°0 ¥ 66°0 2 o .
0% #0°L 0% €01 10°0 ¥ L1°1 0¥ 9Ll 0760 2 o
«  S0°L . £0°L 20°0 ¥ 10°1 007 40°L 2070 F £0°L 2 o
. 2001 . 0L £0°0 % 90° 1 0°07F90°L- « 101 2
10°0 ¥ 20° L 0% t0°L 50°0 ¥ £0° 1 10°0 5 $0°L  10°0 ¥ $0° L 2 W
. L 6og
as ¥ uesy Qs ¥ ueay as ¥ ueay as ¥ ueay QS ¥ ueay N
HddH--(%Ng 3¢ ) =&=.._..1Nz£um_.w HddH-T- (NG 9 ) zaz.a.mzm_um_w 1hd~(%Ng ¢, )
) /HddH- [HdgH-G /HddH- /HddH-U /M4
INTEN TR

*D0TVNY n.mqqmm,q.q-mNZmHUMHu JAILDGdSTd YIGHL OL HddH-U pue HddH-d ‘ILHd
@9TTIIVINAD 40 SNOILVILNIONOD 40 SOILVY 1900 WOYd SHTIWVS INIYN ANV WNIHS .mo SISXTVNV
. 0T-AI FTHVL



-143-

*(9-Al Pue G-il S3|qel 33S) P3ULIGO SBM JUBWAUNSEAW |N43SN 3UO RLUO

£0°0 ¥ LL°L 10°0 ¥ 9i°L 100 F LL°L z o
1070 7 6L°1 10°0 ¥ 22°L £1°0 7 22°1 00 F12°L 100 FLLL A
« 8Ll . 6LL 070 ¥ 02°L 0% LLL 1070 7 8L°L A L
x  6L°L . 6LL 80°0 ¥ EL°i 10°0 * LL°L 10°0 ¥ 8L°L z o
. 120l « 0zl 10°0 * 61°1 10°0 7 8L°L 100 7 02°1 2
£0°0 ¥ 61°1 £0°0 ¥ 12°1 1070 ¥ 8L°L 07sUL 10°0 7 02'1 2w

. g 6og
£0°0 ¥ L0°L 0% 10°1 10°0 7 EL°L 2 o
10°0 ¥ 80°L 0F80°L £0°0 ¥ 50° L (00 F €0°L 10°0 7 2L°L 2 s
0F80°L - 0%80°L 10°0 ¥ $0°L 10°0 ¥ 00°L 10°0  2L°t AR
£0°0 ¥ S0°L 10°0 ¥ £0°L . 0L «  80°L » 2L A
£0°0 ¥ 90° 1 10°0 * £0°L 0% elLl 0°0 ¥ 90° L 20°0 7 2U°L R
« oLl «  60°L 00 F20°L 2070 ¥80°L 10°0 7 €1°L : W

2 bog

20°0 7 §1°1 10°0 ¥ 8L°L $0°0 ¥ LL°L 2 9%

. ot « ot «  SUL «  SUL 50°0 ¥ GL°L 2 Sk
0%oLl 0FollL _ 20°0 * £2°1 $0°0 7 82°L 0% 80°L 2 o
. LUL »  60°L 0°0 ¥ £0°1 20°0 7 OL°L £0°0 ¥ Si°L 2
+ 60°L «  60°L 80°0 ¥ #L°L 2000 F b1l «  ELL 2
20°0 ¥ 6041 oFolL 50°0 ¥ OL°1 0°0 ¥ L1°1 10°0 % 911 z

L bog -
as ¥ uesy as + uesy as ¥ uesy gs ¥ ueal as ¥ uesy N
d__d w d 4 W u ’
-%1e/f0te z/w ere/ote 2 c1e/%1e z/u eie/Mote z/w  esz/osz zMM____
ETE PIERS

_ *90TYNY QIT199VT- (ENg1IcT)
JATLDTdSTY YIFHL OL HddH-U pue HddH-d ‘IHd @ITTIIVINA 40 SHAILVAI¥EA QI IVIAHI SREEd

gHL 40 SIONVANALY NOI YVINDATOW J0 SOILVY :S90Q WOYd STTIWYS INI¥N ANV WNYHS JO SISATVNY
TT-AI HT9VL



-144-

(13C15N2)-labelled analogs in the serial serum and urine
samples. Again, the constancy of the ratio of the
molecular ion abundances of d-la/d-Ib, d=-lla/d-1lb and
d-111a/d=-111b throughout the serial serum collections, and
for d-1la/d=11b and d-ll1la/d-111b throughout the serial
urine collections was demonstrated. It should be noted
that the SD of the measurements of the molecular ion
abundance ratios of d-la/d-1b, d-t1ta/d=-111b and
d-11a/d-11b is very low; this is attributed to the fact
that the ratio remained close to unity (approximately equal
amounts of la and |b had been administered).

A summary of the data of Table IV-10 is presented in
Table 1V-12, part A. For each dog, the mean ratio of
la/lb, tlla/lllb and Ila/llb in serum, and Illa/llib and
I1a/1lb in urine was calculated by averaging the ratios
obtained for the serial collections. Similarly, a summary
of the data of Table IV-11 is presented in Table iv-12,
part B. For each dog, the mean ratio of the molecular ion
abundances of d-la/d-lb, d=illa/d-1llb and d-lla/d=11lb in
serum, and d;llla/d-lllb and d-lla/d-1lb in wurine was
calculated by averaging the ratios obtained for the serial
collections.

The difference in ratios of d-la/d-ib, d-lla/d-1lb and
d-111a/d-111b in serum and d-llla/d-llc and d-lla/d-llc in
urine from the same dog (e.g. for Dog #2, serum:
d-ta/d-1b, 1.12; d-llla/d=11lb, 1.04; d-lla/d-11b, 1.06;
urine: d-11la/d-111b, 1.08;  d-lla/d-11b 1.07) was
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attributed to the fact that the error introduced when
measuring the ratio of wunlabelled to (13C15N2)-1abelled
analogs was different for the PHT analogs and the HPPH
analogs, and was also different for the serum and urine
samples. In serum samples, low levels were measured and it
was noticed that the ratios of ion abundances of unlabelled
to (13015N2)-labeled analogs showed a large variability
for each consecutive scan taken within the gas
chromatographic elution profiles (i.e. the defined profile
from the TIP). It was therefore concluded that these low
levels of analytes were not accurately measured by 4 s or 2
s scan cycles (PHT analogs and HPPH analogs respectively),
i.e. not enough sampling points were taken to reveal the
presence of interferences and to determine which scans were
representative for the analytes. In urine samples, high
levels of metabolites were present and no significant
differences in ratios were noticed for the consecutive
scans within the gas chromatographic elution profiles of
the analytes, so that the inability to define the elution
profile did not affect the validity of the 1listed ratios
(there is no gas chromatographic separation between the
unlabelled and (13015N2)-1abelled analogs). Unfortunately,
the ratio of la to Ib in the drug mixture infused was not
determined and the direction of the error could therefore
not be made. The ratios found in the urine would certainly
approach best the real ratio, because these measurements

refer to high levels and are therefore much less
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suﬁceptible to interferences,

Because of the isotopic impurity of [Ib, a different
value was obtained for the ratio of concentrations (Table
IV-12, part A) and the ratio of the ion abundances (Table
lv-12, part B). The molecular ion abundances of the
(13¢15N,)-1abelled analogs (d-1b, d=111b and d-I1b) only
account for 94 % of the total amount of, respectively,
d-!'b, d-l11b and d=1lb (Ib and the resulting metabolites
are only 94 % trilabelled). Therefore, ratios of the
molecular ion abundances of d-la/d-lb, d-llla/d-11lb and
d-11a/d-11b will show this discrepancy (as discussed in
Chapter 111, Section E-3), while the wuse of appropriate
calibration data to calculate concentrations eliminates
this difference in isotopic purity.

As shown in Table 1V-12, the CV of the ratios of
unlabelled to (lsclsNz)-labelled drug and metabolites
within each dog remained within 3 %. We could therefore
rule out that in dogs the metabolism of Ib was different

from that of la.

C. STUDIES WITH HUMAN VOLUNTEERS
1. Data acquisition and processing
la. Gas chromatographic mass spectrometric measurement
Under the descibed gas chromatographic conditions
(see Section A of this Chapter), the permethylated
derivatives of the PHT analogs (d-la, d-lb, d-lc) were

separated from these of the p-HPPH analogs (d-tta, d-I1b,
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d-11¢c) and both sets of analogs eluted in well defined gas
chromatographic peaks. Measurement proceeded as outlined
in Chapter VI, Section C: [Isotope ratios were computed for
every scan during elution of (d-la, d-lb, d-lc) and for
every scan during elution of (d=1la, d=-11b, d-llc) and were
then averaged over all the defined scans. One second scan
cycles were used for monitoring both the PHT and p-HPPH
analogs. Figure 1V=-2 shows in (a) a display of the total
jonization plot (TIP) constructed during analysis of a
plasma sample from a human volunteer, and in (b) the mass
range scanned for the measurement of the molecular ion
abundances of (d-la, d-lb, d-lc), as shown by scan #15

from the TIP, in (c) the mass range scanned for the
measurement of the molecular ion abundances of (d-ka,
d-11b, d-ll¢), as shown by scan # 64 from the TIP. In
addition, the integration profile of the ion currents at

the preselected m/z values is shown in the expanded mode.

1b. Linearity and Precision

No additional experiments were carried out to
re-evaluate the linearity and precision as such, but with
each series of plasma and urine samples from the
volunteers, plasma or urine standard solutions were

analyzed in order to obtain meaningful calibration data.
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Figure 1V-2, Display of (a) the total ionization plot (TIP)
constructed during analysis of a serum sample
from a human volunteer (b) scan #15

from the TIP (c) scan #64 from the TIP.
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1c. Analysis of samples from human volunteers

For each serial urine and plasma collection from the
human subjects (for protocol see Chapter VI, the samples
were numbered in the order of collection) one sample was
processed. For plasma, 1.0 ml samples were worked up and
1.0 pg of each lc and llc were added as internal standafds.
For urine, 0.5 ml samples were processed and 10,0 ug of llc
were added as internal standards. The urine samples were
centrifuged before pipetting. Blanks (i.e. plasma and
urine samples collected before infusion of la and b, and
to which no internal standards were added) were always
included.

The plasma samples were processed on three different
days; each day a corresponding series of plasma standard
solutions containing la, Ib, lla and !lb in the appropriate
concentratlon ranges was included (0.1-10.0 pg/ml of each
la and Ib; 0.,1-5.0 ug/ml of each Ila and 11Ib). For
Subject 2, two samples of each of the plasma standard
solutions were worked up; for Subjects 1 and 3, a single
sample of each of the plasma standard solutions was
processed. Attempts were made to analyze the extracts from
the plasma samples from the human subjects and the
corresponding standard samples by GC-MS on the same day or
under the same instrumer%al conditions. For the final
GC-MS analysis of the samples from Subject 1, no such
calibration data were obtained because the corresponding

set of extracts of the standard samples had been used up In
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previous analyses., (The series of plasma extractstfrom
Subject 1, who was the first human subject, and the
correéponding standard extracts had initially been analyzed
on a 3 ft OV-17 column; these data could not be used
because of the fatty acid interference. The extracts from
the standard samples were therefore used to select better
gas chromatographic conditions; the extracts from plasma
samrles from Subject 1 with high 1levels of 1la and |Ib
(#1-#6) were then re-injected on a 6 ft 0V-17 column, the
remaining extracts on a 6 ft 0V-101 column.) For Subject 1,
therefore, the regression lines prepared for the analysis
of the plasma samples of Subject 2 were used to calculate
the concentrations of la, Ila and their (13¢15n2)-1abett1ed
analogs (lb and I1Ib) in the extracts that had been injected
on an 0V=101 column (these samples were analyzed under the
same conditions as the samples from Subject 1), and
previously presented regression lines for the determination
of la and Ib that were obtained by injection of serum
extracts on an 0V-17 column (see Table |I11=-8) were used as
reference for the remaining extracts which had been
injected on an 0V-17 column,

The calibration data for analysis of plasma samples
from Subject 2 are listed in Table 1V-13, For the extracts
from the plasma standard samples extracts containing 0.1
ug/m1  of la, Ib, lla and Ilb, duplicate GC~-MS measurements
were made; the remaning extracts were Injected once; The

Table 1lists the molecular ion abundance ratlios (areas) of
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d-la/d-lc, d-1b/d-lc, and the molecular Ilon abundance
ratios (heights) of d-lla/d-llc and d=-11b/d-1lc, for each
of the plasma standard solutions; for the samples
containing 0.1 ug/ml of la, Ib, Ila and Ilb, the mean ratio
for the duplicate measurements of each extract (FE,EE) is
also reported. For the LRA, the averaged ratios, obtained

for the two samples that had been processed for the each

plasma standard solution (¥1,#2) were used. Only three
points were used to calculate the linear regression 1lines
for measurement of Ila and Ilb because the molecular ion
abundance ratios of d-lla/d-tlc and d-IIb/d-llc, measured
for  Subject 9 were within the range of 0.1-1.0.
Appropriate corrections were done for the points on the
x-axis (=conce.. ations) of |Ilb because the reference
compound of 1lb was not chemically pure and had a different
isotopic purity than the llb isolated from samples from the
human subjects (see also Section C-1d of this Chapter and
Chapter VI). The weight of |Ilb for preparation of the
calibration data was therefore adjusted so that the listed
concentrations on the x-axis represented only the 94 % of
trilabelled 1lb.

The calibration data for analysis of the plasma
samples from Subject 3 are listed in Table IV-14, Each
extract was analyzed once by GC-MS.

The calibration data that were used for the analysis
of the plasma samples from Subject 1 are reported in Table

1v-15.
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TABLE IV-14

ANALYSIS OF PLASMA SAMPLES FROM HUMAN VOLUNTEERS: CALIBRATION
DATA FOR ANALYSIS OF SAMPLES FROM SUBJECT 3. Sample: 0.1-
10.0 ug of PHT and (13C'PN,)-PHT, and 0.5-1.0 ug of p-HPPH and
(13C15N2)-E-HPPH/m1 plasma. [To 1.0 ml of plasma, 1.0 ug of
each (DlO)-PHT and (13C15N2D2)-R-HPPH were added as internal

standards.

Concentration N Linear Regression
(ug/ml) Analysis
PHT Area Ratiom/z 280/290
0.1 1 0.089
0.5 1 0.474 logy=1.031logx - 0.02
1.0 1 0.944 r=0.99999
10.0 1 10.07
PHT Area Ratiom/z 283/290
0.1 1 0.0696
0.5 1 0.455 logy=0.991ogx-0.04
1.0 1 0.887 r=0.9999
10.0 1 9.03
p-HPPH Height Ratiom/z 310/315
0.1 L 0.117 logy=0.96iogx +0.03
0.5 1 0.553 r=0.99999999
1.0 1 1.08 )
*
(13015N2)_
p-HPPH HeightRatiom/leS/SlS
0.079 1 0.109 logy=0.87 logx - 0.005
0.397 1 0.434 :=0.9997
0.794 1 0.820 :

*# The labelling of the x-axis was done such that

the listed concentrations represented 94%

trilabelled (**C'®N,)-p-HPPH.
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TABLE IV-15

ANALYSIS OF PLASMA SAMPLES FROM HUMAN VOLUNTEERS: CALIBRATION

DATA USED IN THE ANALYSIS OF SAMPLES FROM SUBJECT 1. Sample:

0.1-10.0 ug of each PHT and ('>C'®N,)-PHT, and 0.1-5.0 ug of

p-HPPH and ('*c!®N,)-p-HPPH/ml plasma. [To 1.0 ml of plasma,

1.0 ug of (D;)-PHT and (*3c**N,D,)-p-HPPH were added as
internal standards.

OV-17 (see also Table III-8)

Concentration Linear Regression
(ng/ml) Analysis

PHT Area Ratio m/z 280/290
0.1 0.097
0.5 0.507 logy=1.021logx +0.01
1.0 1.05 r=0.99996

10.0 10.56

(13C15N2)-

PHT Area Ratiom/z 283/290
0.1 0.100
0.5 0.490 logy=0.9910ogx-0.01
1.0 0.968 r=10.9999997

10.0 9.35
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TABLE IV-15, continued

OV-101 (see also Table IV-13)

Concentration Linear Regression
( g/ml) Analysis
PHT Area Ratiom/z 280/290
0.1 0.097
0.5 0.469 log y = 0.99 1log 0.02
1.0 0.947 r = 0.99998
10.0 9.40
(13C15N2)—
PHT Area Ratiom/z 283/290
0.1 0.100
0.5 0.450 log y = 0.97 log 0.04
1.0 0.896 r = 0.9999
10.0 8.52
p-HPPH Height Ratiom/z 310/315
0.1 C.114
0.5 0.530 log y = 0.95 log 0.01
1.0 1.06 r = 0.9999
5.0 4.74
(13C15N )%
p-HPPH HeightRatiom/z 313/315
0.081 0.101
0.403 0.415 log y = 0.90 log 0.02
0.806 0.792 r = 0.9999
4.03 3.43

* The labelling of the x-axis was done such that the listed
concentrations represented 94% trilabelled (13C15N2)-
p-HPPH,
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The urine samples were processed on one day, together
with a series of wurine standard solutions containing
5.0-100.0 pg/ml of each Ila and Ilb. Three samples of the
urine standard solutions containing 5.0 and 10.0 ug/ml of
Ila and Ilb were worked up, and two samples of the
remaining urine standard sclutions were processed. The
extracts from the urine samples from the human subjects and
these from the standard samples were analyzed by GC-MS on
the same day. |t was found that the last urine collection
from each subject contained 1levels of lla and Ilb which
were substantially lower than 5.0 ug/ml, i.e. the 1lowest
point of the calibration data (these data ar~ presented in
Table 1V-19 and are discussed further; the analysis of the
last urine collection resulted in ratios of d-lla/d-llc and
d-l1lb/d=-llc smaller than 0.5 when 10.0 ug of internal
standard was added to 0.5 ml of urine). Additional urine
standard solutions containing 1.0 and 2.0 ug/m! of each lla
and 1lb were therefore worked up in duplicate. At the same
time, wurine samples containing these low levels cf
metabolites were processed again and‘ both series were
analyzed by GC-MS on the same day. The calibration data
for wurine are 1listed in Table IV-16. Each extract was
analyzed once by GC-MS. |In part A of table IV-16, the mean
molecular ion abundance ratios (heights) of d-lla/d~1lc
(m/z 310/315) and d-11b/d-1lc (m/z 313/315), measured for
each of the urine standard solutions, which respectively

contained 5.0, 10.0, 20.0 and 100.0 ug/m! of Ila and I1b,
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TABLE IV-16
ANALYSIS OF URINE SAMPLES FROM HUMAN VOLUNTEERS: CALIBRATION

DATA FOR ANALYSIS OF SAMPLES FROM SUBJECTS 1, 2 AND 3. Sample:
(A) 5.0-160.0 pg of each p-HPPH and (13C15N§)-B-HPPH/m1 urine

(B) 1.0 and 2.0 ug of each p-HPPH and (13(31 N,)-p-HPPH/ml

urine. [To 0.5 ml of urine, 10.0 ug of (13C1gN2D2)-R-HPPH

were added as internal standard.]

(A)
Concentration N Linear Regression
(ug/ml) Analysis
p-HPPH Height Ratiom/z 310/315
Meanr * SD
5.0 3 0.288 = 0.006
10.0 3 0.568 * 0.007 logy=0.96 logx - 0.92
20.0 2 1.15 + 0.014 r=0.9998
100.0 2 5.11 + 0.014
(13c15N2)-
p-HPPH * Height Raticum/z 313/315
Mean * Su
3.90 3 0.221 = 0.002
7.82 3 0.431 + 0.003 logy=0.94 logx - 0.92
15.62 2 0.855 + 0,007 r=0,9999
78,12 2 3,75 + 0.021
(B)
p-HPPH Height Ratiom/z 310/315
Mean + SD
1.0 2 0.064 + 0,002
2.0 2 0.116 + 0,004
(13C15N2)r
p-HPPH™ #* Height Ratiom/z 313/315
Mean * SD
0.78 2 0.057 = 0.001
1.56 2 0.096 = 0.004

% The labelling of the x-axis was done such that

the listed concentrations represented 94%

trilabelled (13C15N2)—R-HPPH (see text).
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and the SD of the measurements, are listed. |In part B of
Table 1V-16, the mean molecular lon abundance ratios
(heights) of d-1la/d~llc and d-llb/d-1lc, measured for the
standard solutions containing 1.0 and 2.0 ug/ml of Ila and
{Ib are listed.

The measured isotope ratios in the serial plasma and
urine collections from the human volunteers are listed in
Tables 1V-17, 1vV-18 and 1V-19, Table 1V-17 1lists the
molecular ion abundance ratios (areas) of d-la/d-lc and
d-1b/d-lc in plasma; Table I1V-18 lists the molecular fion
abundance ratios (heights) of d-lla/d-llc and d-1Ib/d-llc
in plasma. Table 1V-19 lists the molecular fion abundance
ratios (heights) of d-lla/d-llc and d-llb/d-llc for the
serial urine collections. A single GC-MS analysis was
carried out for each extract of the plasma and urine
samples that had been processed. The corresponding
calibration data, i.e. regression lines (Table IV-16 for
the urine analyses, Tables IV-13, 1V-14 and 1V-15 for the
plasma analyses) were used to calculate the concentration
of la, Ib, Ila and Ilb in plasma (ug/ml) and Ila and IIb
urine (ug/0.5 ml). (For the urine samples containing
levels of !la and |Ilb smaller than 5.0 pg /ml, the
concentrations were calculated from the bracketed
measurements of the urine standard solutions containing 0.1
and 0.5 ug/0.5 ml of !la and llIb (Table 1V-16, part B).)
The concentrations are listed in Tables 1V-20, 1V-21

(plasma values), and IV-22 (urine values).
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TABLE IV-19
ANALYSIS OF URINE SAMPLES FROM HUMAN VOLUNTEERS: RATIOS OF

MOLECULAR ION ABUNDANCES OF THE PERMETHYLATED DERIVATIVES OF

UNLABELLED AND ('2c1°N,)-LABELLED p-HPPH TO THE INTERNAL

STANDARD. [To 0.5 ml of urine, 10.0 ug of (13C15N2D2)-R-HPPH

were added as internal standard.]

Height Ratio Height Ratio
N Subject 1 m/z 310/315 m/z 313/315
1 #1 3.68 3.36
1 #2 4.22 3.83
1 #3 1.59 1.47
1 4 1.13 1.06
1 #5 0.401 0.382
1 #6 0.103 0.108
Subject Z
1 #1 1.54 1.15
1 #2 4.10 3.05
1 #3 4.34 3.22
1 #4 2.78 2.08
1 #5 1.41 1.07
1 #6 0.465 0.357
1 #7 0.073 0.066
Subject 3

1 #1 1.43 1.30
1 #2 1.44 1.31
1 #3 3.12 2.85
1 #4 2.57 2.36
1 #5 0.586 0.550
1 #6 0.952 0.888
1 #7 0.056 0.064
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ANALYSIS OF URINE SAMPLES FROM HUMAN VOLUNTEERS:
TRATIONS OF p-HPPH and (13C'°N,)-p-HEPH.
(A) ug/0.5 ml

- emd omd ) amd wd  ewd — ol o) wd wd emd P

-t owd wnd -

()
Subject 1

n
#2
#3
#4
£
#6

Subject 2
il
#2
1
#4
#5
#6
#

Subject 3
#
#2
#3
#
#5
#6
#7

(B) Total urinary excretiomn (mg)

p-HPPH

34.92
40.27
14.56
10.20
3.4
0.888

14.09
39.08
41.47
26.07
12.85
4.05
0.570

13.04
13.14
29.40
24.02
5.15
8.53
0.438
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TABLE 1V-22

S

34.30
39.40
14.29
10.1
3.43
0.878

11.02
30.96
32.79
20.64
10.21
3.19
0.452

12.55
12.65
28.82
23.60

5.05

8.38

0.438

(13c'5n,) -p-HPPH

(B)
Subject 1

#1
#2
#3
#4
#5

. #6

Subject 2

1
12
#3
#4
45
#6
#7

Subject 3

#1
#2
#3
#
#5
#6
7

"p-HPPH

9.78
9.10.
18.49
29.27
7.70
2.67

11.18
11.61
22.68
35.59

9.52
13.74
18.52
20.18
12.51
11.69

1.29

CONCEN-

('3¢!%N,)-p-HepH

9.60
8.90
18.15
29.02
7.61
2.64

5.99
8.85
9.18
17.96
28.28
5.97
1.27

9.16
12.65
18.16
19.82
12.27
11.48

1.29
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1d. Comments

As discussed in the studies with dogs, [t was again
not possible to extract the plasma samples from the three
human subjects and the corresponding plasma standard
samples in one day. |In addition, 19-21 samples had to be
processed for each subject. Therefore, only a single
plasma sample was worked up for each collection (the
respective plasma standard soiutions were still worked up
in duplicate). One analysis was considered adequate in
these studies, because, as discussed before, the error
introduced during the work-up of the sampies is mainly due
to pipetting (and if an error is made in pipetting, the
ratio of unlabelled to (13015N7)-1abelled drug and
metabolites will not be affected so that interpretation of
the results will pose no problems).

A difference in slope for the regression lines of the
unlabelled and (13C15N2)-1abelled analogs was noticed again
ond this was attributed to the different isotopic purity of
the reference materials (see Chapter VI; Ib was found to
be 94 % trilabelled, llb was found to be 93 % trilabelled).
Analysis of a mixture of equal amounts by weight of la and
Ib, resulted indeed in a ratio of molecular ion abundances
of d-1b/d=-1a (m/z 283/280) of 0.9k, However, analysis of a
mixture of equal amounts by weight of Ila and |Ilb, did
result in a ratio of molecular fion abundinces of
d-11b/d-1la (m/z 313/310) of 0.76. This substantial

difference in va.iues (0.33 versus 0.76) led us to assume
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that the 1lb, purchased as reference material, was not 100
% chemically Dpure. The welight of Ilb In the calibhration

data was therefore adjusted so that the concentrations used

N

in the LRA calculations wouid correspond to 100
chemically pure trilabelled materlal. The correction
factor was determined by preparation of a mixture of equal
amounts by weight of 1la and the reference IIb, and
measurement of the molecular ion abundance ratios of the,
after derivatization, obtained d=-11b and d-11la (m/z
313/320). For the final calculations of the regression
lines for the determination of 1lb in plasma or urine (i.e.
regression of molecular fon abundance ratios of
d-11b/d=11c, measured for the urine or plasma standard
solutions, on the concentrations of [|Ib present in the
standard solutions), thls ratio was multiplied by 0.9%4,
because Ilb that is formed by 'in vivo' metabolism of the
administered Ib contains only 9u4% trilabelled material. In
order to maintain accuracy, this correction factor was
determined for each new set of experiments and/or
instrumental conditions.

For the measurement of (13C15N2)—B-HPPH at m/z 313, no
corrections were applied for the contribution of the
trilabelled contaminant of d-1lc at this value: the
magnitude of the overlapping ion abundances was the same
for standard samples and unknowns and no extremely low
ratlos of d-l1!b/d=1lc had to be measured. Similarly, the

contribution of the natural isotopic abundance lons from
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d-11b to the measured ion abundance ratios at m/z 315 for
d-11c could be neglected because no extremely high vratios
of d-11b/d=1lc were measured. No significant departure of
linearity was found over the concentration ranges that were
monitored; however, the tendency towards non-linearity at
the extremes of the calibration curves 1is noticable by
meticulous examination of the reported ion abundance ratios
(Tables V=13 through 1V-16).

For measurement of the molecular ion currents of
(d-la, d-ib and d-lc) |In plasma, area measurements were
preferred because a large number of samples had to be
analyzed for each subject (in addition to the corresponding
plasma standard samples). The possibility that more than
one day would be needed to analyze all these samples did
therefore exist; different instrumental conditions could
thus affect the peak shape, and in this case area
measurements are most precise (see Chapter 111, Section
E-L4). However, for the measurement of the fon currents of
d-1la, d-1lb and d-llc in serum, it was taken into
consideration that the measured levels were very low, and
it was anticipated that this would affect the measurement
of the isotope ratios more significantiy than changes In
peak shape (see again Chapter 111, Section £-3), so that
for this case It was decided to use height measurements.
For the urlne samples, a limited number of samples had to
be analyzed, and this could easily be done In one day.

Height measurements were used, because both high and low
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levels of lla and llb were measured.

2. Interpretation of the results

The plasma concentrations of la and |Ib were analyzed
by iterative nonlinear least square regression techniques
as described by Greenblatt et al. (42). Data points were
fitted by a computer to a linear sum of three exponential
terms. After correction for the infusion period,
coefficients and exponents from the fitted function were
used to calculate the following kinetic variables: volume
of the central compartment (vl), total volume of
distribution wusing the area method (vd), initial
distribution half-life (t% o), intermediate distribution
half-1ife (tk% m), elimination half-life (t% g), and

clearance. The pharmacokinetic parameters for la and Ib

are summarized in Table 1V=23, The parameters are
virtually identical for every parameter for every
volunteer. There was no trend toward any difference in
distribution, elimination or clearance of the two forms of
PHT. In addition, the reported values agree with
previousiy published pharmacokinetic parameters from PHT
(10-12).

Again, the absence of 'in vivo' isotope effects in the
metabolism of Ib was also demonstrated by the constancy of
the ratio of wunlabelled to (1365 NZ)-labelled drug and
metabolite throughout the collection periods. Table 1V-2h

lists the ratios of concentrations of wunlabelled to
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(IQquVZ)-labelled analogs in plasma and urine. It Is
obvious from inspection of the listed values that the
ratios remain constant throughout the serial collections
and are not significantly different from the ratio of la/lb
in the administered drug mixture (see also Table 1vV-26).
In analogy with the studies in dogs, the ratios of jon
abundances of wunlabelled to (13015N2)-1abe]led analogs in
plasma and urine were also calculated, The results are
listed in Table IV-25. Here the ratios do not appear to be
very constant throughout the collection periods; the
variability s due to the fact that the concentration of
la, Ila, and their (1q}1§V2)-]abelled analogs varies
greatly, being low at the beginning and towards the end of
the collection period. (Wlhen small amounts of la, lla or
the (15315ﬂ2)-labelled analogs are measured, background
interference becomes significant and under these
conditions, accurate measurements are only obtained by the
use of calibration data for which the same amount of
interferences have been measured. )

A summary of the data presented in Tables 1V-24 and
V=25 is presented in Table 1V-26, parts A and B
respectively, For each subject, the mean ratio of la/lb
and Ila/llb in plasma, and lia/llb in urine was calculated
by averaging the ratios obtained for the serial
collections, as listed in Table IV-24; similarly, the mean
ratio of the molecular ion abundances of d-la/d-1b and

d-lla/d-1lb were obtained by averaging the ratios obtained
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for the serial collections, as listed in Table 1V-25, The
values for the ion abundance ratlos (part B of Table 1V-26)
are not considered to be be accurate (as discussed
previously), because they include the incorrectly measured
ratios at low concentrations. However, no inaccuracies
were introduced by summarizing the individual ratios of the
concentrations (part A of Table 1V-26) so that these data
can be interpreted with confidence. The ratios of the
concentrations of la/lb and Ila/llb in plasma, and l1a/llb
in urine (part A of Table IV-26) are virtually identical.
In addition, they are not significantly different from the
ratio of la/ib in the administered drug mixture. These
data therefore support the previously described
pharmacokinetic data (see Table 1V-23), which demonstrated
that 'in vivo' isotope effects in the B-hydroxy]ation of Ib
are not operative (i.e. KIa/KIb is 1.00 with an estimated
experimental error of 10.01).

We know of no otiher report on the metabolic effects of
stable isotope labelling in the hydantoin ring of PHT, but
our studies indicate clearly that isotope effects in the
metabolism of compounds of such kind can conclusively be

ruied out.
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Chapter V. CONCLUSION

It was demonstrated that it is possible to determine
simultaneously and accurately in the same sample:

1. in plasma sampies from human subjects, at both
therapeutic and sub-therapeutic 1levels: phenytoin (PHT,
la), its major metabolite in man (p-HPPH, lla), and cheir
(13¢13N,)-1abeled analogs (Ib and 11b),

2. in serum samples from dogs: phenytoin (PHT, [la), its
major metabolites in dogs (m-HPPH, I!la; p-HPPH, lla), and
their (13c15N2)-1abened analogs (Ib, Illb and 11b),

3. in the corresponding urine samples: the previously
mentioned metabolites (lla and llb in man; Illa, Illb, lla
and IIb in dogs).

in addition, the absence of 'in vivo' isotope effects
in the metabolism of Ib was shown in dogs and human
volunteers: the ratio of unlabelled to (13015Nz)-labelled
drug as well as unlabelled tc (13C15N2)-labelled
metabolites remained constant throughout the <collection
periods, and the pharmacokinetic parameters for la and Ib
were not significantly different.

The further application of the method will be the
pulse dosing studies, and here Tow levels of
(13¢l5Ny)-1abelled analogs and high levels of unlabelled
analogs will be present in the samples (see Chapter |,
Figure 1-2), It is not anticipated that major

modifications of the analytical method will be required for
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these studies. However, based on the acquired experience,
a few comments should be made:

1. The samples from the patients must be procescsed in
duplicate so that 1t s possible to trace the pipetting
errors, and so that accurate measurements are obtained for
the samples containing low or high amounts of drug and/or
metabolites, i.e. for samples where ratios of unknown to
internal standard larger than 10 are to be measured (large
ion intensity ratics are measured with worse precision than
ratios close to unity, see Chapter I1, Section D-1, Chapter
{11, Sections E-2 and E-3, and Figure 6 in Reference 34;
so that it is recommended to average the results of
replicate measurements).

2. For each new series of plasma, serum or urine samples
from patients, calibration data must be included. Plasma,
serum and urine standard solutions containing known amounts
of 1la, Ib, lIla and IIb for plasma or serum and lia and Ilb
for urine can be prepared and kept frozen until use (i.e.
the processing of the samples from patients). The

calibration data should cover the expected concentration
ranges of drug and metabolites; these tr.nges will be
different for the unlabelled and (13C15N2)-1abelled
analogs.

3. For each new batch of stable isotope labelled reference
compounds, the identity and isotdbic and chemical purity
must be verified. ldeally, the same batch of Ib wused to

orepare the plasma or urine standard solutions should be
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administered to the patients. For llb, extra caution will
have to be exercised because the isotopic purity of Ilb
isolated from patients will probably be different from that

'in

of the reference Ilb, because I1b that is formed by
vivo' metabolism of Ib will have the same isotopic purity
as this !b (and the isotopic purity of Ib and Ilb reference
material will most likely be different). If necessary, any
differences can be corrected for, either by adjusting the
amount of reference material used, or by calculating the
regression lines using adjusted values for the
concentration of the standards.
4. If the calibration data cover a wide range of
concentrations, logarithmic linear regression analysis of
the data is strongly recommended. In addition, for the
measurement of the molecular ion intensities of the
permethylated derivatives of the p-HFPH analogs (d-11b and
d-11¢), the ion intensities at m/z 313 (for d-11tb) and m/z
315 (for d-lic) must be corrected for overlapping isotopic
impurities.
5. Interferences must always be looked for, because a
variety of other drugs are usually administered
simultaneously with phenytoin to patients suffering from
epilepsy.

The method can also be extended to the analysis of
phenobarbital and its major metabolites in man,
(1-(B-D~glucopyranosyl)phenobarbital and 4-hydroxypheno

barbital) (43), As in the case of phenytoin, L-hydroxy
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phenobarbital is excreted mainly as a glucuronide so that
acid hydrolysis will have to be included in the sample
processing. During acid hydrolysis, the N-glucopyranoside
metabolite will release phenobarbital; therefore, the
measurement of phenobarbital and L-hydroxyphenobarbital in
separately processed acid hydrolyzed samples will allow
determination of the amount of the respective metabolites.
Initial work has shown that no major modifications of
the analytical technique are necessary to measure
phenobarbital , 4-hydroxyphenobarbital and their (13C15N2)-
labelled analogs in serum or urine standard solutions when
using (13004)-phenobarbital and (13C15N2D2)-hydroxy
phenobarbital as internal standards. In this way, the
stable isotope methodology will allow study of the

interactive pharmacokinetics of phenytoin and pheno

barbital.
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Chapter VI. EXPERIMENTAL

A. REFERENCE COMPOUNDS, STANDARD SAMPLES AND REAGENTS
Compounds la and [|la were purchased from Aldrich.
compound Il1la was a gift from Parke Davis. Compound Id was
previously synthesized in this laboratory by Dr. B.
Andresen. Reference compounds Ib, [Ilb, lc and llc were
purchased from KOR Istopes, Cambridge, MA. The heavy

isotope contents (atom %) were stated by the manufacturer

as follows: Ib, 2-13C 90%, 1,3-°N, 99%; Ic, ring=Dy,
99%; 11b, 2-Y% 0%, 1,3-1N, 99%; Ile, 2-13¢ 903,

1,3-15N2 99%, D2 95%. The actual level of incorporation of
the stable isotope 1in the molecule was: for 1b, 9u%
trilabelled and 6% dilabelled; lc, 96% decalabelled and h%
nonalabelled; 1d, 97% pentalabelled, 3% tetralabelled;
Ilb, 93% trilabelled, 6% dilabelled and 1% unlabelled, llc,
81% pentalabelled, 16% tetralabelled and 3% trilabelled.
Ib was formulated for intravenous injection by
Warner-Lambert/Parke Davis in a manner similar to their

R ("phenytoin sodium injection",

marketed Dilantin
containing 50 mg/ml of the sodium salt of la).
Mass spectra of the permethylated derivatives of the
reference compounds are presented in Figures A-1‘and A-2,
Ethanolic stock solutions containing 1.0 mg/ml of
these reference compounds and an additional methanolic

stock solution of 10.0 mg/ml of lla were prepared. Serum

and urine standafd solutions containing known amounts of
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la, Ila, and Ib for serum and Ila and Ilb for wurine were
prepared by adding allquots of the respective alcoholic
stock solutions to drug free serum or urine ("spiking").
This was always done at room temperature and one hour of
equilibration time was allowed before further sample
manipulations. A1l alcoholic stock solutions were kept in
the freezer at -4°C in teflon lined screw capped centrifuge
tubes.

Methylisobutylketone (MIBK) (Burdick and Jackson),
toluene (Burdick and Jackson), methylene chloride (CH,C13)
(Mallinckrodt) and methanol (Mallinckrodt) were nanograde
reagents, distilled in glass. Ethanol (200 proof) was
bottled by IMC, Chemical Group. Methyl iodide (CH3z!)
(Aldrich) was anaytical grade 99%, stabilized with copper,
and was used without further purification. Tetrabutyl
ammonium hydrogen sulfate (TBA*HSO&) (Aldrich) was prepared
as a IM solution in 0.2 N NaOH and extracted once with
methylene chloride to remove impurities. The Tris-HC]
buffer was prepared as a 3M solution with a pH adjusted to
7.4 with HC1. All reagents were tested for purity by gas
chromatography either directly, or as a CH,Cl, extract.
A1l glassware was acid washed and rinsed with methanol and

distilled water.

B. PROCESSING OF THE SAMPLES
The processing of the samples (l.e. the chemical

work-up of the serum and urine samples to obtain extracts
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for GC-MS analysis) was based on the extractive methylation
technique described by Hoppel et al. (20) for the
generation of permethylated derivatives. The procedhre is
described below for the analysis of 1.0 ml of serum, plasma
or urine. For 0.5 ml samples, the only adjustment to be
made was the use of only 0.5 ml of 10N HC1 in the
hydrolysis step.

To 1.0 ml sample in a 15 ml screw cap centrifuge tube,
the appropriate amount of lc (or Id) was added. After
mixing and equilibration for 20 min, 1.0 m1 10 N HC1 was
added, the mixture was vortexed and placed in an oven at 96z
2°C for 1 h. After cooling in an ice bath, the HC1 was
neutralized with 10N NaOH, 1.0 ml Tris buffer (pH 7.4) was
added, and the mixture was vortexed. The required amount
of Ilc was added, the solutions were mixed and after
equilibration for 20 min, 5 ml MIBK was added. The tubes
were mechanically shaken for 25 min at room temperature and
centrifuged. The MIBK layer was transferred into a tube
containing 0.25 ml of 1N NaOH, the solutions were mixed for
15 min and the tubes were centrifuged. The MIBK layer was
carefully removed with a Pasteur pipette and discarded. To
the aqueous layer remaining in the tube, 50 i of a
solution of TBA-HSO; (1M in 0.2N NaOH was added. The
mixture was vortexed and 2.0 ml of a solution of CHgl in
CH,C1, (1:10, v:v) was added. The tube was shaken for 30
min and centrifuged. The organic layer was transferred to

a 3 ml conical tipped test tube. The tube was covered
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lightly with aluminum foil, and the solvent was allowed to
evaporate at room temperature. To the dry extract, 25-50
11 of toluene was added; the tube was vortexed for 30 s,
sonicated for 10 min and centrifuged. For the GC-MS
analysis, 2-4 pul of the <clear supernatant solution were

injected into the gas chromatograph.

C. GAS CHROMATOGRAPHIC MASS SPECTROMETRIC MEASUREMENT
TECHNIQUE

Gas chromatography was carried out on a Perkin Elmer
990 gas chromatograph with flame ionization detector.
Initially, for method development and evaluation, a Im x 2
mm i.d. glass column packed with 3% 0V-17 on 80/100 mesh
supelcoport was used. For analysis of serum and urine
samples from dogs and human subjects =in the later
applications of the method-, a 2m x 2mm i.d. column was
substituted. An 0V-17 column was used for the dog samples
and an 0V-101 column for the human samples. The injector
temperature was maintained at 250 °C and the gas
chromatograph was temperature programmed (3 ft ov-17
column:  180-310 °c at 12 °C/min; 6 ft 0OV-17 column:
210-320°C at 8°C/min; 6 ft OV-101 column: 180-310°C at 12
°c/min). Helium was used as carrier gas.

The effluent from the gas chromatograph was passed
through a valve such that 70-80 % of the effluent was
diverted into an Hitachi RMU-6L mass spectrometer, while

the remaining portion was monitored by the FID of the gas
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chromatograph. A jet separator was used as interface
between the gas chromatograph and mass spectrometer., The
entire interface was usually kept at 250 °C. The mass
spectrometer was directly coupled to an IBM'iSOO computer
system. A detailed description of the mass spectrometer
and its computer aided data acquisition system can be found
elsewhere (4L, 45).

Full mass spectra were recorded by scanning of the
magnet at 70 eV of ionization voltage and an ion source
temperature of 230 °C. A mass spectrum was taken
repetitively every &I s. After processing by the 1BM
computer, the data (mass spectra and mass chromatograms)
were filmed on 16 mm microfilm and also stored on magnetic
tape (L46).

Partial mass spectra of selected m/z values were
recorded by 1linear scanning of the accelerating voltage.
The conventional accelerating voltage supply of the
previously described mass spectrometer was therefore
replaced with a highly stable, programmable power supply
and a digital scan controller which controls the
accelerating voltage over the range selected at whatever
scan speed is appropriate for the experiment. (Two
different mass ranges can be selected and scanned
alternately (if compounds elute at about the same time) or
consecutively (if they are well separated gas
chromatographically).) With the preliminary instrument

modifications, a linear mass range of m/z 278-293 was
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scanned in 4 s to monitor the molecular ion currents of the
permethylated derivatives of the phenytoin analogs (d-1a,
d-1b, d-lc or d-1d) when they eluted from the gas
chromatograph, and a linear mass range of m/z 309-317 was
scanned in a 2 s during the elution of the HPPH analogs in
order the measure the molecular ion currents of I[la, [1lb,
iic, Illa and IlIb, For more sensitive measurements, the
installation of a more sophisticated power supply zid scan
electronics allowed faster scanning of the accelerating
voltage so that 1 s scan cycles could be used. The data
were acquired on magnhetic tape and transferred to a PDP
11/45 computer system with a CRT terminal. This system is
much faster and has a larger disk storage capability
(presently 300 Mbytes) than the IBM 1800; it allows
interactive dialogue and display capabilities. For each
set of our data, a total ionization plot (TIP) was
displayed on a CRT screen, sO that the boundaries of the
elution profile of the compounds of interest could be
manually selected by the use of cursors. For every scan
within this defined window, mass spectral peak profiles are
displayed on the CRT screen soO that ion current profiles of
preselected ions can be defined. This was accomplished by
the use of horizontal and vertical cursors and both height
and areas were automatically computed. For every scan the
ratio of ion intensities of unknown to internal standard
was computed and these ratios were then averaged over the

previously defined gas chromatographic elution profile of
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either the PHT or HPPH analogs. The ratio for every
individual scan as well as the averaged ratio were printed
out. If desired, data could also be recorded on a
conventional oscillograph recorder and peak heights of ion
abundances measured manually.

A Varian 731 mass spectrometer was used to determine
the actual level of incorporation of the stable isotope in
the labelled reference materials. Repetitive scans of the
molecular ion region were recorded with an oscillograph and
jon abundances at appropriate m/z values were measured

manually from this record.

0. PROTOCOL FOR ADMINISTRATION OF PHT AND (13ct®n,)-

PHT TO DOGS AND HUMAN VOLUNTEERS AND FOR

COLLECTION OF SERUM (PLASMA) AND URINE SAMPLES.

1. Studies with dogs

Three mongrel male dogs (10.9-12.7 kg) were

anesthesized with fentanyl and droperidol (InovarR) and
infused intravenously with a mixture of ta and Ib ( both as
sodium salts) at a rate of 25 mg total phenytoin sodium/min
(15 mg/kg/body weight of each of the sodium salts of la and
Ib were given). Blood specimens (5-10 ml) were drawn
before the infusion started ("blank"™) and 0.5, 1.0, 2.0,
3,0, 4.0 and 5.0 h after the end of the infusion. After
clotting the samples were centrifuged and the serum was
stored in a -10 °C freezer. Total urine was collected

hourly for 5 hours after infusion and the total urine
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volume for each collection recorded (Dog 1: 0-1 h, 40.0
ml; 1-2 h, 6.3 ml; 2-3 h, 9.9 ml; 3-4 h, 6.9m1; 4-5 h,
27.8 ml; Dog 2: 0-1h, 12.2 ml; 1-2 h, 18.4 ml1; 2-3 h,
16.3 ml; 3-4 h, 13.6 ml; U4=5 h, 18 ml; Dog 3: 0-1 h,
40.0 mil; 1-2 h, 23 ml; 2-3 h, 16.4 ml; 3-4 h, 6.1 ml;
4-5 h, 42.8 m1). A urine sample (10 ml1) was also collected
before the infusion ("blank"). A1l samples were numbered
in the order that they were collected (urine: blank,
#1-#5; serum: blank, #1-#6) and kept in the freezer at
-10°C.
2. Studies on human volunteers

Three healthy adult males taking no medications and
with no history of prior hydantoin use or cardiac, renal,
or hepatic disease were selected. A mixture of la and Ib
(both as sodium salts) was infused at a rate of 25 mg total
phenytoin sodium/min. To Subjects 1 and 3, 150 mg of each
of the sodium salts of la and |b were administered; to
Subject 2, 200 mg of the sodium salt of la and 150 mg of
the sodium salt of Ib were given. After infusion, the
syringe was rinsed with ethanol and the exact ratio of la
to Ib in this rinse was determined by GC-MS. Blood
specimens (5-10 ml1) were drawn before the infusion started
("blank™) and at selected times after the end of the
infusion (Table VI-1). Plasma was decanted and immediately
put in a =10 °C freezer. Consecutive complete wurine
specimens were obtained at selected times after the end of

the infusion and the total urine volume was recorded (Table
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VI-2). A urine sample (10 ml) was also collected before
the infusion ("blank")., A1l samples were numbered in the
order that they were collected (see Tables VI-1 and VI-=2)

and kept in the freezer at -10°C,.
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TABLE VI-1

FROM HUMAN VOLUNTEERS

Subject 1 Subject 2 Subject 3
Time Time Time
Assigned after Assigned after Assigned after
# infusion infusion infusion
(min) (min) (min)
1 0 1 0 1 2
2 2 2 2 2 5
3 5 3 5 3 15
4 15 4 15 4 30
5 30 5 30 5 45
6 45 6 45 (h)
(h) (h) 6 1
7 1 1 7 1.
8 1.5 1.5 8 2.
2 2 9 3
10 2.5 10 2.5 10 4
11 3 11 3 11 5
12 4 12 4 12 6
13 6 13 6 13 8
14 8 14 8 14 12
15 12 15 12 15 24
16 24 16 16 16 30
17 30 17 24 17 36
18 48 18 30 18 48
19 60 19 36 19 60
20 48
60

21
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APPENDIX. DISCUSSION OF THE MASS SPECTRAL FRAGMENTATION OF
THE PERMETHYLATED DERIVATIVES OF THE ANALOGS.

The mass spectra the permethylated derivatives of
phenytoin (d-la) and its stable isotope labelled analogs
(d-1b, d-lc and d-1d) are shown in Figure A-1, a-d. The
mass spectra ‘of the permethylated derivatives of the
hydroxylated metabolites (d-11a and d-111a) and the stable
isotope labelled analogs of d-lla (d-11b and d-llc) are
shown in Figure A-2, a-d. The major fragment ions have
been labelled by the letters A=G (for the PHT analogs) and
A-1 (for the HPPH analogs); their assignments are
tabulated in Table A-1. The mass spectrum of d-la served
as a basis to designate the shifted peaks in the mass
spectra of the analogs: the same capital letter was used
to indicate a fragment ion in the mass spectrum of d-la, as
for the corresponding shifted ion (or cluster of ions) in
the mass spectra of the permethylated analogs. The
<tructural assignments in Table A-1 were made after study
of the fragmentation mechanism, as discussed in the
following.

The mass spectrum of d-1d was also shown by Baty
et. al (21) and the mass spectrum of d-la is included in
most mass spectral data collections (e.g 47, u8). These
published mass spectra agree well with these obtained by

us.



Figure A-1,

Figure A-2,
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Mass spectra of the permethylated derivatives
of PHT and the stable isotope labelled analogs:
(a) mass spectrum of d-la (b) mass spectrum of
d-1b (c) mass spectrum of d-lc

(d) mass spectrum of d-ld.

Mass spectra of the permethylated derivatives
of the hydroxylated metabolites of PHT and the
stable isotope labelled analogs: (a) mass
spectrum of d-lla (b) mass spectrum of d-Illa
(c) mass spectrum of d-11b (d) mass

spectrum of d-llc.
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Mass spectra of the wunlabelled and underivatized
analogs have been documented more extensively in the
literature. Atkinson et al. (3) showed the mass spectra
of la, Illa and Illa and, in addition, indicated the
structure of the major fragment ions; Locock and Coutts
(49) studied the fragmentation mechanism of la; Andresen
(18) studied the fragmentation mechanism of Id; the mass
spectral data collections that were consulted by us (47,
48) contain the mass spectra of la and Ila, and also mass
spectra of a variety of alkylated and silylated
derivatives.

The schemes of Locock and Coutts, and of Andresen,
have been reproduced 1in part A of, Schemes A-1 and A-2,
respectively (part B will be discussed 1later). These
schemes deal specifically with the fragmentation processes
involving the cleavage of the hydantoin ring. The ion
resulting from the 1loss of a phenyl group from the
molecular ion (or for Id, the ion clustef, resulting from
the 1loss of both a phenyl group and a phenyl-d g group from
the molecular ion) are, of course, self-explanatory and
have been omitted from these schemes to retain clarity.
(In the mass spectra presented in Figures A-1 and A-2,
these ions have been labelled A, and they have also been
included in Table A-1).

The fragmentation mechanism proposed by Andresen
involved a modification of the mechanism suggested by

Locock and Coutts. Andresen showed that that the initial



. Scheme A-1.

Scheme A-2,
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Fragmentation mechanism proposed by Locock
and Coutts (49): Part A, for la; part B,

applied to d-la.

llodification as described by Andresen (18)
of the fragmentation mechanism proposed by
Locock and Coutts: Part A, for Id;

Part B, applied to d-Id.
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loss of HCO from the molecular 1lon (transition M;~B)
involved hydrogen abstraction from elther one of the phenyl
rings.

As is shown in Scheme A-1, part A (for !a), Locock
assumed that in the transition C—D, the hydrogen is solely
lost from nitrogen (to give the ion at m/z 180). If this
assumption would have been correct, a single abundant ion
at m/z 185 would result in the mass spectrum of Id, from
the corresponding transition C—D (the d5-labelled phenyl
ring would retain all five deuterium atoms). However,
Andresen found ions at m/z 184 and 185 in the mass spectrum
of Id (as indicated in Scheme A-2, part A), and this
clearly indicated that the labelled phenyl ring had somehow
been involved in the transition. Also, the ion at m/z 223,
observed by Coutts 1in the spectrum of la, shifted to a
doublet at m/z 227 and 228 in the spectrum of ld, and this
also revealed that the phenyl groups (labelled and
deuterium labelled) were participating in the transition.

It is evident that permethylation of la and |Id (and,

of course, also of the other analogs) will not affect the
mechanism of the fragmentation. Applying the fragmentation
mechanism as proposed by Locock and Coutts to d-la (as

shown in Scheme A-1, part B), again showed that 1in the

transition C—D, 1loss of the substituent on nitrogen (in

this case a CHz group) did not account for this transition

(loss of .CHz from m/z 195 would result in an ion at m/z

180; this ion 1is of very 1low intensity in the mass
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spectrum of d-ld, see Figure A-1 d). However, the ion at
m/z 194 (resulting from the loss of a hydrogen from the ion
at m/z 195) was very abundant, and this led us to assume
that the modification proposed by Andresen (i.e. thét the
phenyl rings are 1involved 1in the transition C—D) was
correct,

Study of the fragment ions in the mass spectra of the
permethylated derfvatives of the other analogs (see Figure
I1-1 for their structure, Figures A-1 and A-2 for their
mass spectra) confirmed this assumption: in the mass
spectra from the ring-deuterated compounds, a cluster of
ions at the corresponding shifted m/z values resulted and
in the mass spectra from the analogs that did not contain
deuterium on the phenyl ring, a single abundant ion
resulted (see also Table A-1),. This 1s illustrated for
d-lId in Scheme A-2, part B. The structural assignment of
the fragment ions was based on the mechanism suggested by
Andresen for la itself (as shown in part A of scheme A-2),

However, conclusive evidence for the fact that the
initial 1loss of HCO from the M¥(transition M—B), involves
abstraction of a hydrogen, from the ortho position of the
phenyl ring without prior scrambling (as shown in Scheme
A-1, part A), can only be obtained by verifying the
fragment ions of an analog of |la that is specifically
labelled, in the o-position of the phenylring. If e.g. a
deutrium would be substituted in o~position of the phenyl

ring, this deuterium would be lost in the transtion M—B if
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the theory of Andresen holds; 1if, on the other hand, the
substituents on the phenyl ring are scrambled (before they
are lost), the deuterium would be only partially lost. The
only ring deuterated analog availabe to us that could give
some indication on eventual scrambling was d-llc, which has
two deuterium atoms on the phenolic ring, In m-position
with regard to the hydantoin ring. In the event of
scrambling, the loss of deuterium would only produce a weak
fragment ion, because there are only two deuteriums but a
total of seven hydrogens on the two phenyl rings. The mass
spectrum of d-llc (Figure A-2, d) does show an ion of very
Tow abundancé.at m/z 285 (which would be the m/z value of
the ion resulting from the loss of DCO from the molecular
ion of d-1d). It would therefore be of interest to further
investigate the possibility of scrambling of the phenyl
hydrogens in this transition by studying the mass spectra
of different 1labelled analogs that can provide conclusive
evidence (i.e. la with deuterium in the o-positions).

It appears that in the transition C—D, scrambling of
the hydrogens occurs (before abstraction), because in all
spectra studied by us, an ion was observed at that m/ z
value corresponding to a fragment that still contained the
hydrogen or deuterium (for example, 1in the spectrum of
d-la, the ion at m/z 195; in the spectrum of d-1d, the ion
at m/z 200).

The scheme suggested by Andresen for the transition

M—C (initial 1loss of HCNO from the molecular ion) would
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predict a single 1ion in the spectra of the compounds
studied (e.g. . for la at m/z 214, as indicated in Scheme
A-1, part A). However, in the mass spectra of the
permethylated derivatives studied by us, a cluster of ions
in this region was observed (lon cluster C 1in the mass
spectra shown in Figures A-1 and A-2)., The participation
of a phenyl hydrogen (or deuterium) could be inferred from
the cluster of fragment ilons, spaced two amu apart for the
phenyl ring substituted analogs (e.g. for d-1d, where both
phenyl rings contain deuterium, see Figure A-1 ¢, ions at
m/z 231 and 233), and spaced only 1 amu apart for the
non-deuterium labelled analogs.

We therefore suggest (see Scheme A-3) a modification
of the fragmentation processes proposed by Andresen to
better explain the transitions M—C and C—D

As mentioned in the beginning of this Chapter, the
information in Table A-1 was based on the discussed
observations. The fragment ions at lower mass that have
not been discussed (i.e. for the base spectrum of d-la, at
m/z 166, 165, 118 and 77) are self-explanatory and follow
the fragmentation intially suggested by Locock and Coutts.
The fragment ifons designated by H and | are only present in
the mass spectra of the permethylated HPPH analogs, but fit

in the suggested scheme.
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Scheme A-3. Modification as suggested by us of the
fragmentation mechanism proposed by

Andresen: Part A, for 1d; Part B, for d-ld.
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