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ABSTRACT

THE SEPARATI QN, | DENTI FI CATI ON AND QUANTI TATI ON CF
TRI CYCLI C ANTI DEPRESSANTS UTI LI ZI NG A CAPI LLARY GAS
CHROMATOGRAPH AND MASS SPECTROVETER
Robert M. Cei dner
MASTER OF SCl ENCE
YOUNGSTOMNN STATE UNIVERSITY, 1986

Many procedures have been devel oped to separate,
identify and quanti tate various tricyclic antidepressants
such as am triptyline, protriptyline, doxepin, im pramne
and nortriptyline using a gas chromat ograph and vari ous
detectors. Huch of today’s research work is done using
fused silica capillary col ums because of their increased
resol ving power due to the |arge nunber of theoretica
plates. Still, much of the clinical work uoes the somewhat
out dat ed packed col ums.

A recent study commented about inaccuracies in
guantitation of various tricyclic antidepresrants by mnany
clinical |aboratories (1). Many of these procedures Involve
single or nmulti-step extractione, preparation of derivatives
of these drugs and the use of various detectors in order to
separate and identify them

In the present study, state of the art equi pnent was
ured to investigate the factors that mght affect the

reparation, identification and quantitation of three very






simlar tricyclic antidepressants: am triptyline
nortriptyline and protri ptyline. Thir was acconplished by
using the nmany advantages of capillary gar chromatography
(6C) conbined with mass rpectronetry (MS) for increared
rerolution of conpl ex mixtures and the detection of nanogram
| evel s of the individual drugs. |In order to separate and
identify these three antidepressanta, standards of varying
concentrations of each drug and mixtures of the three drugs
were run to obtain their optinmal 6C conditionr. In order to
further increase senritivity, sanples were analyzed using
met hane chem cal ionization and selective i on nonitoring.
Then many of the 6C/MS paraneters were varied in order to

see their effects on reparation and quanti tation.
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CHAPTER |

| NTRODUCTI ON

| ocheri cal | pl Loai cal | I

Tricyclic antidepressanta (TCA'g) are one of the
most Wi dely used clarser of psychotropic drugs for the
treat mrent of endogenous depression. This type of depression
is hypot hesi zed to be the reoult of a genetic-bi ochem cal
abnormal ity affecting a person’s ability to cope with
stress. Depressive illness can be divided into two groups,
dependi ng on which neurotranrnitter is deficient:

1 Norepi nephrine

2 Serotoni n

NH, -
HO CH;-éH;
OH
Ho CH 5
ééfﬁﬂn
HO-
Serotonin

Nor epi nephri ne

Fig. 1. Chemical structure of Norepinephrine and Serotonin
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Each condition can be identified by decreases in the
rerpective breakdown products of netabolirmof the deficient
neurotranrmtter. |In carer of norepinephrine-related
deprerriona, there ir a decrease in urinary levels of
nor met anephri ne ¢(NMET), vani 11yl nandelie acid (VMA), and
3- met hoxy- 4- hydr oxyphenylglycol (MHPG). For those patients
ruffering fror serotonin-related drpresrione, the breakdown
product of serotonin, 5-hydroxyindol eacetic acid (S-HIAA) ir
found in abnormally low levels in the rpinal fluid ¢2),

Nor epi nephrine and rerotonin are both products of
the body's metaboliam of tyrosine; the latter goas through a
| onger pathway via tryptophan production. There
neurotransmtter. carry nerve irpulrer across the synaptic
cleft to be picked up by receptors on the neuron cel
menbrane, at which tire the synaptic transmission is
termnated. The most effective action of antidepressants to
reli eve depression ir to bl ock the uptake of there am ne
neurotranamt ters at the rynaptic cleft, thereby allow ng
| onger perairtence of neurotranrmrrion.

It has been shown that anmitriptyline giver better response
in patients with rerotonin-rel at ed depression, whi le
imipramine and its related tricyclic antideprerranta work
better in patientr with norepi nephrine defects. Since these
drugs are usually given over a long period of tine it is

inmportant to noni tor their plasma lavele. Thie can help to
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optim ze therapeutic response and avoid toxic side- effects.
The inportance of nonitoring can be realized by conparing
therapeutic levels and toxic levels as seen in Table 1 It
rhoul d al so be noted that life-threatening cardiac toxicity
or reizurer have been seen in cares of plasma concentrations

over 1,000 ng/mL ¢(3).

TABLE 1

THE ORAL DOSAGES, THE THERAPEUTI C PLASUA LEVELS AND THE
TOXI C PLASUA LEVELS OF AU TRI PTYLI NE ¢AMI), NORTRI PTYLI NE
(NOR), AND PROTRI PTYLI NE (PRO (4).

DRUG DOSE THERAPEUTI C LEVEL TOXI C LEVEL
(mg/day) (ng/=mL) (ng/aL)
AMI 50-100 120-250 400
NCR 40- 100 50-150 200
PRO 15-40 50-150 200

There are three tricyclic antideprerrants to be -
investigated in thir study:

1  Amitriptyline

2 Nortriptyline

3 Protriptyline
Amitriptyline is a potent anti depressant but maintains a
| ow degree of toxicity. It also has mild side effects Which
i ncl ude drowsiness, di zzi ness, nausea, headaches and

hypotenrion. Nortriptylineis very gimilar to anitriptyline_

in both rtructure and function, although it does present
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AMITRIPTYLINE(Elavil)
CacHaaN
WW = 277 CH-(CH:)Q—N(CH3)2

NORTRIPTYLINE(Pamelor)
Cl.“:i"
WW = 263 H-CH;-CH,-NH-CH4

PROTRIPTYLINE(VIVACTIL)
Ci'“:ln
M.W. = 263 CH,-CH,~CH,-NH-CH,

Fig. 2 The chemi cal structure, chem cal formula, nolecular
wei ght, and trade nane of Amitriptyline, Nortriptyline, and
Protriptyline.

rone more serious ride-reactions in sonme patients that would
war rant di scontinuing the drug. There would include
tachycardi a, hypotenm on, confusion, and hallucinations.
Protriptyline is a rapid acting drug w thout the usual
tranquilizing properties of other TCA's. It is simlar to

nortriptylina because of the serious consequences occuring

in an overdose due to cardi ac invol venent (S).
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History of Analyvtical Methods

Since 1960 there have been nunerour nethods
devel oped for the measurenent of TCA's. Most of there
methods require extraction of the drug from an aqueous
bi ol ogi cal medium into an organic rolvent. This rxtract can
then be analyzed by rpectrofluoronetry, thin-Ilayer
chromat ogr aphy ¢TLC), high performance liquid chromatography
(HPLC),radioimmunoassay (R A), enzyne innunoasrayr such as
enzyme nul tiplied innunoarsay (EMIT), and gas chromat ography
(GC). The main criteria for nodern toxicol ogical nethods are
rpeci ficity, sensitivity, accuracy, reproducibility, tine,
and cost of equi pnment and analysir. The followng is a
revi ew of various nodern nethods for the measurement of
TCA's uring the above noted criteria as guidelines.

An early opectrofluoronetric procedure devel oped by
Mbody and col | eague8 (6> involved a three-step extraction
and acetylation before analymr. Thir nethod war not very -
rpeci fic because some of the parent drug's metabolites
interfered with the analyrir. In 1978, Kaul and him
col | eagues (7> devel oped a nethod asensitive enough to__
neasure 5 ng/L. This war a very tine consum ng procedure
since it involved reacting amitriptyline with
al pha- brononet hyl acri di ne form ng a quaternary product.

TLC procedurer have been devel oped by a nunber of
researchers «8-9», It currently is a ntandard screening

(qualitative) method With a sensitivity better than 1 ng/L,
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and all resultr nay be confirmed and quantitated by ot her
met hode.

The use of HPLC for the separation of TCA's was
first described in 1975 by Knox and Jurand ¢16). The HPLC
procedures are very similar in extraction nethod and
sensitivity (approximately 1 ngsL) to GC procedures. The
advant ages of HPLC are its |arge carrying capacity and that
the ranples are not destroyed as with G HPLC can al so be
used W th a nunber of different detectorr such as mass
spectrometear(MS) and visible and ultraviolet (uv)
det ect or s.

RI A procedures for tricyclic antidepressants were
introduced by Spector and col | eagues in 1975 (11). Since
t hen numerous ot her nethods have been described wth
remar kabl e sensitivity and precision but with questionable
specificity. This is due to crorr reactions with various
other tricyclics and their netabolites. The R A procedures
have cone under fire in recent years because of inherent
bi ohazard fectors and are currently being replaced by enzyme
| abel | ed net hods such as EUT.

The enzyme i nmunoasray procedure. have recently
found wi de acceptance in the area of toxicology in clinical
| aboratories. This is because assays such as the EMIT
procedures conbine the specificity and sensitivity of
immunoassay Wi th the conveni ence, speed, and reproducibility

of enzyme measurements.
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TABLE 2

SUMVARY CF METHODS USED TO MEASURE TRI CYCLI C ANTI DEPRESSANT
DRUGS IN SERUM (€13).

METHODS SENSITIVITYC(ug/L) SPECI FI CI TY2 DERI VATI VE

Spectrometric 100 1+ YES
Fluororetric 5-30 1+ YES
TLC S 2+ NO
EMIT 3 3+ NO
R A 0.1-2 3+ NO
6C =™ 10 2+ YES/NO
GC/MS 1 4+ YES/NO
HPLC / UV 2-10 2+ NO
HPLC/NS 0.5 4+ NO

2 gpecificity is graded on a scale of 1-4 or
poor -excell ent
» denot es ot her detector. as noted on above.

The EMIT principle is as followr «¢1) Drug-specific
anti bodi es are added to the patient specinen. ¢2)
Ant i body-drug binding occurs. ¢(3) The enzymne-|abeled drug is
added and will occupy any vacant antibody sites. (4) The
free enzyne-| abel ed drug reacts with the substrate, ’
resulting in coenzyne conversion and an absorbance change
whi ch is nmeasured rpectrophotoretrically. As antibody-drug
bi ndi ng taker place, enzymatic activity is reduced.

Therefore, only the free enzyne-| abel ed drug can react wth

the substrate and coenzynme. Ar a rrrult, the rate of enzyme
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activity is directly proportional to the patient*s drug
concentration. In many of these procedures there ir still a
lirited amount of crorr-reactivity to the drug'r own

net abol ite8 and other very simlar drugs ¢13).

Gas chronmat ography (6C) war first described in 1952
by A T James and A J. Martin with their work in
reparating volatile fatty acids ¢(14). They used a packed
colum in which there ir a stationary phare, urually a
nonvol atile rolid or a nonvolatile liquid coating an inert
rolid, and a nobile (gas) phase. Thir is a process in which
vol atil e rubrtancer are reparated according to their vapor
prerrurer. The higher the vapor prerrure of a compound, the
greater is its nobile-to-rtationary phase ratio and
therefore, the farter it w 11 elute from the col unmm ¢15).
The solubility of the solute in the liqgiud phare is also a
m nor factor to be consi dered.

There are two typer of columns presently being used:
packed columr and capillary columms. The packed col umms
contain a nonvol ati le esolid ¢(stationary phare) and typically
neasure 6 ft. x 2 mm 4.d \Wereas capillary columns Wl
nearure 12-50 m x 100-500 um i.d. There are three main typer
of capillary columnr: 1) rupport coated open tubular(SCOT)-a
single coating of support material ina liquid matrix; 2)»
porous | ayer open tubular(PLOT)-porous |ayer of support
material fixed to colum wall; and 3) wall coated open

tubular(WCOT)-1iquid phare deposited directly upon col um
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wal . The packed and capillary colunnr both have a w de
variety of atationary pharer avail able.

The recent devel opnent of bonded phare capillary
colunnr has rerulted in ruch more durable, reliable, and
reproducible columns. In there colunnr, the stationary
pharer are polynmer chaina, ruch am pol ydi net hyl ei | oxane,
that give the column a particular polarity. These polymers
are covalently bonded to the rilica surface of the column
and are alro crors-linked to each other. Thi m bondi ng
rerultr in a stationary phaee that will not deteriorate due
to prolonged exposure to high tenperaturer or repeated
injection of a wide variety of rolvents. There are alro aone
columns that can tolerate multiple injections of a polar
rolvent ruch as water ¢1é).

6ar chronatography is the most wi dely used method
for the detection of TCA It war first used for this in
1970 by Braithwaite and Whatley (17). There have been a _
nunber of different types of detectors utilized nuch as
f | ama-ioni zation, electron-capture, and al kal
flane-ioni zati on (nitrogen-sensitive) detectors. There are
nuner our procedures using these detectorr and all -h;;
excel l ent precision and sensitivity, but the rpecificity is
guertionable. Thia is because all of there detectors measure
the total number of ion6 or reactive atonr reaching the
detector and do not provide a means of identifying the drug

bei ng anal yzed except for its retention tine.
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10

In 1976 Hanmmer and col | eagues ured the conbi ned gas
chromat ogr aph/ mass rpectrometer in the datection of
nortriptyline ¢(18). The result war a very rensitiva and
precise procedure with a greatly inproved rpecificity. In
this care, the mass spectrometer detacts the total nunber of
ions and simultaneocusly measures the abundance of ion
fragnentr according to their meass. Thir fragnentation
pattern, which ir due to electron or chem cal ionization, ir
uni que for each drug and can be used in conbination with
retention times to identify a rpecific drug. Sinca Hammer's
work, there have been many improvements in procedures, mass
spectrometry instrumentation, and the wide use of capillary
columns t0 give greater reparation and identification of
conmpl ex m xtures of drugo. Many of the tandem (GC/MS)

i nstrunents have been interfaced to conputers for inproved
control of 4instrunent parameterr and data handling.

There her been nmuch research done on devel opi ng gas
chromat ogr aphy procedures for TCA's. These procedurea have
utilized both packed and capillary colunnn, a nunber of
sample preparation technque, and variour detectorr. There
arm many examples of techniques using packed col unnr ;hd
flame-ioni zation detectorr (19), mass rpectroneterr (20) and
nitrogen-sensitive detectors involving ringle and multi-astep
exXx tractions (21-22). In recent years, there has bean an
increased anount of work uring capillary columns and

nitrogen/phosphorus sensitive detectorr (23)»,
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flanme-ioni zati on detectors (24) and mass spectrometers (25),.
The greatest inprovenent in renritivity and specificity are
the result of the gar chromatograph 7 narr spectrometer

combination.

The potential anal ytical power of thir conbination
war first realized in 1957 when Holmes and Morrell crudely
coupl ed the two instruments (26). Mass rpectronetera have
three basic function. (1) to vaporize conpound8 to be
anal yzed, ¢2) to ionize neutral nolecular in the gar phase,
and (3) to separate and detect ions according to their
mass-t O-charge ratios (m/z). In the GC/MS inrtrunentr
vapori zation i s acconplished in the oven of the gas
chr omat ograph and nai ntai ned t hroughout the ryrten
| oni zati on can be accomplished a number of ways; the ones Of
interest in this rtudy are el ectron inpact ionization and
chemcal ionization. In electron impact ionization, the
sample i s introduced to the ion source as a vapor. This
vapor ir then bonbarded by high energy el ectron8 producing a
positively charged nol ecul ar ion (M*). The el ectron eﬁérgy
can be varied but is typically 70-80 ev. The anount of
energy required for ionization of most organic conmpoundr ir
7-13 eVv. This ionization energy is the anount of energy
needed to renove an el ectron from the hi ghest occupi ed

nol ecul ar orbital. This reaction is reprerented as fol lows:
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M+ e = M* + 2a~ 1)

Upon ionization, the excess energy nay caure the
deconposition of M+ to formfragnented ions (Fi+, F2+,

etc). This fragnentation pattern, or mars spectrum can be
used to identify the structure of the original nolecule. The
mass spectrum can be used for identificationsince it is

i ke a reproduci ble fingerprint of the conmpound. It is these
mass spectra and retention tines that are used in

i dentifying conponento of a conplcx mxture.

Once the conpound has been identified, the relative
amount of the conpound can be determ ned and its nol ecul ar
mass confirmed by the use of chemi cal ionization. This has
been used quite often for quanti tation because of its
increased sensi tivity. In chemcal ionization (CI», the
sanpl e is vaporized in the presence of a high pressure of
reagent gas such as nethane or anmmoni a which is bonbarded by
el ectronm Since the reagent gas is found in excess conpared
to the manple, it is the reagent gas which is ionized by the
el ectrons. The ionization of the sample is the result of
ion-nol ecul e collision reaction. between the ionized reagent
gas and the ranpl e nolecules. Therefore, ionization 1; t he
result of a chemical reaction rather than direct bonbardnent
of electrons. In this study nmethane (CHe4) war used ar the
reagent gas. The high concentration of reagent gar results
in reconbinati on reactions and further ionization

Therefore, the foll ow ng reactions occur during ionization
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CHa + @~ +» CHe* + 2e- (2)

CHa* + CHe » CaHs* + Ha 3)

CH4e* + CH4 + CHs* + CHa (4)
There is also a small anmount of the CaHs* ions forned
during ionization. It is these ionr that react with the
sanple nol ecules (M» to formthe (M + H)*, (M + CHa)*,
(M + CaHe)*, and (M . CaHg)* iONs. As a result
of chem cal ionization the fragnentation that is seen in
el ectron inpact ionization does not readi |y occur and a
majority of sample ions are found in the MH* form

W + CHa* -+ WH+ + CHa 5)
Therefore, with a properly tuned mass rpectoneter the MH+
ion concentration in the C nbde of operation nay be ten
times greater than the M* ion in the El node of operation
This in effect causes a ten-fold increase in sensitivity.

Once ionization is conpleted, the mass spectronrter
nust separate and detect the ions according to the mass to
charge ratio (msz). There are two principal methods for
separating the ions to be discussed at this tine. The first
utilizes el ectrical and nagnetic fields and the second user
a quadrupol e masr filter. The first magnetic-rector m;ls
spectroneter, in which positive ions are deflected 180
degrees in a aagnetic field, was used by A J. Denpster in
1918. The iona |eaving the ion rource all have the same
ki netic energy

KE = 1/ 2 mv= = zaV (8)
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where m is the mass of the ion, v isits velocity, z is tho
number of charges on an ion, & is the magnitude of the
electronic charge, and V is the electrical potential. As
ions enter the magnetic field they are separated according
to their momentum and each ms/z will have a unique radius of
trajectory, R. The heavier ions have more momentum and are
therefore influenced less by the magnetic field. This is
seen by a flatter trajectory, whereas the lighter ions are
more strongly influenced and follow a more curved
trajectory. Finally, the ions must pass through a focusing
slit to reach the detector. Thus, at a given magnetic field,
B, only ions of a single m/z (m/z = B2R2/2v) will have

the proper trajectory to reach the datector. By varying the
magnetic field strength, a wide range of ms/z values can be
scanned to be focused at the detector slit. This type of
mass spectrometer is limited to a scan rate of 0.1 s/decade
for the type of magnets available. A mass decade represents_
a ten-fold increase in mass, for example, 50-500 anu. A time
of approximately 0.2 s is needed to reset the magnet between
scans. Therefore, the total scan tine is 0.3 s.

The quadrupole mass filter consists of four rods
carrying variable combinations of both radio frequency (RF)
and direct current (bC) voltages. Ions interact with the
electrostatic forces created by the rods af trr they are
accelerated towards the detector. By controlling the

DC-to-RF ratio, an electrical field can be established so
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that ions of only one specific m/z val ue can pass through
the mass anal yzer, whereae almost all other msz val ue ions
collide with the rods and are neutralized. If the RF and DC
anpl itudes are simultaneously varied, a wide range of m/z
val ue ions can be analyzed by the detector. The mass
scanni ng range of the quadrupole mass filter is

approxi mately 10-800 anu. A maximum Sscan rate of 780 amu/s
can be reached before there is a significant decrease in
resolution, peak shape, and intensity. This type of
instrunentation is especially useful when a capillary colum
GC technique is performed. Capillary columr with up to

10* theoretical plates can resolve on the order of ten
peaks/s, especially early in the chronatogram Therefore, in
order to get reasonabl e reconstructed i on chromatogranms,
RIC, (graph of total ion current versus tinme) under these
conditions, a scan rate of 100 scans/s i S necessary (27-28).
The conditions noted above are extrenmes and are beyond the ~
capabi 1ities of the instrumentation used in this study. The
specifications of the Finnigan Model 1020B and capillary
columm used in this study are noted in the material o-and

appar at us section of thie study.
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CHAPTER I1I

PURPOSE OF STUDY

It hae been noted in a previous study that nany
clinical |aboratories doing work in toxicol ogy have great
difficulty in the detection and quantitation of nunerous
drugs ¢1y. It 4is the purpose of this study to devel op the
optimum oOperating criteria for the separation,
identification and quantitation of three very simlar
tricyclic antidepressants (AMI, NOR, and PRO) utilizing the
Fi nni gan Model 1020 GC/MS with a capillary colum. | have
chosen to do this work using standards and not to deal with
drug extraction procedures themselves because Of the vast
amount of work done in this area and due to the extra
equipment and tine necessary. It is also my intention to use
avai | abl e equi pment such as a capillary colum and an i
injector liner with as little pretreatnment as possible to
make clinical adaptation easier and |ess time consum ng.

| will also attenpt to thoroughly investigate as
many vari abl es or adjustabl e instrument paraneters as
possible to see their effects on the procedure. Therefore,
the scope of this study is two-fold, to investigate the
probl em of devel opi ng an anal yti cal procedure and to
understand the capabi 1ities of a state-of-art &C/MS

instrument.
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CHAPTER III
UATERI ALS AND APPARATUS

All reagents were analytical grade including
nmet hanol supplied by Fisher Scientific G. (Orangeburg, N.
J. 10962) Methane, the reagent gas, and Helium the carrier
gas, were ultra-high purity grade supplied by Airco
Products. The tricyclic antidepressants were supplied by
Youngst own Osteopathic Hospital and purchased from the
foll ow ng companies: amitriptyline HC1 (Elavil) and
protriptyline HC1 (Vivactil) from Merck Sharp & Dohne (West
Poi nt, PA 19486); and nortriptyline HCl (Pamelor) from
Sandoz Pharnaceutical Dv. (East Hanover, N J. 07936).

Al'l anal yses were perforned on a Finnigan Model
10208 Aut omat ed 6C/MS which is conputer interfaced for
instrument paraneter control and data processing. In this
study the chem cal ionization (CI)» ion source war used, as
opposed to the el ectron ionization (EIY ion source, in order
to give optinumresults during chem cal ionization --
procedures whi le allowing the f lexibility to perform
el ectron ionization without a large loss in sensitivity. The
ion source i s the actual enclosed compartnent where
ionization occurs. The colum is a fused silica capillary
colum neasuring 15 a X 0.25 mm I.0 wth a pol yner

stationary phase of polyvinyl- phenylnethylsi|oxane (SE-54)
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with a £film thickness of 0.25 um. It was purchased fromJ &

W Scientific, Inc. (Rancho Cordova, CA 95670).
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CHAPTER 1V
EXPERI XENTAL

The drugs were ured in their hydrochl oride salt
forms and were dissolved in nethanol to obtain stock
rtandards of a concentration of 1 umgs/aL for both
anitriptyline ¢AMI)» and nortriptyline (NOR) and O.5 ug/uL
for protriptyline(PRO. This was done so that approximtely
1 ng of sample could be injected onto the colunn in a rral
solvent volume w thout overloading the colum. The Finnigan
Model 10208 GC/MS war zeroed and calibrated daily according
to the manufacturer's specifications. A nanual tune was al so
carried out daily in order to adjust the instrument to
obtain optimum resolution and intensity of the ions of
interest in the range of 40-350 atonmi c mass units (amu). An-
example of the Finnigan computer syrten's typical
calibration report and the nanual tune settings are seen in
Figures 3 and 4, respectively.

The standards and dilutions of the standards Qere
ured to run analyrer in the electron ionization and chem ca
i oni zation nodes to obtain reconstructed ion chromatogram
and mass spectra of each drug standard. The mass spectrum of
each drug was confirmed by conparing it to the el ectron

ionization work by T M 1lls et al (29)
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CALI BRATI ON REPORT:
18 = LOWEST PEAK I N REFERENCE TABLE FOUND

pm N OO O s

10.

11‘

settings

mixture of the three drug etandards was then run in order to

assure that separation was possible Wh the SE-54 capillary

col unn.

614 = H GHEST PEAK I N REFERENCE TABLE FOUND

21 OF 21 REFERENCE PEAKS WERE FOUND

1% OF PEAK WDTH = RUS FI T ERROR
¢ RUS FIT ERROR <10% ACCEPTABLE)

Figure 3 An exanple of a calibration report

ELECTRON HULTI PLI ER SW TCH
ELECTRON UULTI PLI ER VOLTAGE
H GH RESOLUTI ON

LOW RESOLUTI ON

| ON ENERGY

FI LAMENT SW TCH

| ON PROGRAM

LENS VOLTAGE

EXTRACTOR

ELECTROHETER RANGE
ELECTROHETER ZERO

Figure 4 Example of the typical

There mass rpectra are seen below in Figures s-7. A

These st andards were analyzed using tho i eothorml

ON
-2200.00
133.00
125.00
2.51

ON
3.22
-166.00
2.00

7.00

2.05

manual tune
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and programmed temperature node8 to determine the optimum
analysis conditions. Later many of the parameters (thooe
denoted by an = in Figure 8) wee altered in order to
determine their effects on the reparation and quantitation

of AMI, NOR, and PRO.

- (09

14

58

50.0
L%3

100,08 4

Figure 5. Reference El Mass Spectrum of Amitriptyline from
the work by T. Mills III. _
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50.0

100,84 44
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Figure 6. Reference EI Mass Spectrum of Mortriptyline from
the work by T. MIIls III.
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120.0
50.0
M/E

Figure 7. Reference El Mass Spectrum of Protriptyline from -
the work by T. Mlls III.






GC PARAMETERS:

250 deg. = Injector Temp. =

150 deg, = Initial Temp. *
220 deg. = Final Temp. =
1 min. = Initial Time *
5.0 D/H = Ramp Rate (deg/min) optional =
10 nin. = Final Time *
250 deg. = Separator Temp.
80 deg. = M5 Manifold Temp.

INJECTION MODE: CAFLLARY
60 sec. = Split/Sweep Valve Time
90 sec. = Filament/Multiplier Off Time
SCAN AROU 40 AMU TO 350 AMU IN 1.0 sec. =
®The separator is the area where the GC connects
with the ¥3, A temperature higher than the final tamp.
is needed to prevent condensation.

»The manifold is the structure which houses the ion
source, quadrupole analyzer, and ion detector.

Figure 8. An example of the typical 6C/MS conditions
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CHAPTER V

RESULTS AND DI SCUSSI ON

The problem presented here ie the separation of
three tricyclic antidepressants, very similar in both
structure and nol ecul ar weight. Uany procedures involve
derivatization techni ques to increase resolving power and
sensitivity (30-31) but these problems should be eliminated
by using capillary 6C/MS. So, as in the work of Chinn et
al (32) and Vinet (33) underivatized TCA's were used
First the etandards were analyzed in a programmed
tenperature node as seen in Figure 8 The data from these
i ndi vidual runs can be seen in Table 3 Thia phase of the
analysis resulted in small but rather w de peaks in the
reconstructed i on chromat ograns (RIC» of all the drugs. The
conput er enhancenent showed wel | -defi ned peaks with a slight
amount of tailing resulting in excellent sensitivi ty _for AMI
and NCR and slightly decreased sensitivity for PRO The
sensitivity was determ ned by comparing peak height to
basel i ne and background noi se. The mass spectra for AMI, NCR
and PRO can be seen in Figures 9-11 and all of these spectra

correspond to the results seen by T Mills III et al

(30).
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TABLE 3

DATA FOR EI G- INDIVIDUAL DRUG STANDARDS

DRUGS Retention tine Intensity® Sensitivity

(min: sec) (units) (ng)
AMI 2:34 8608 20
NOR 2:35 19680 30
RO 2:45 7200= 50

2 Intensity is measured by arbitrary units to
compare the anounto of iono reaching the ®s detector.

» PRO’'s intensity value was doubled for
comparison purposes because ita concentration was half of
AMI's and NOR's.

Figures 9-11 also show how there fragmentation patterns in
the mars spectra occur as a result of electron ionization.
Note that the molecular ion has a very low abundance in each
case. It rhould also be noted that some of the primary ion
fragment8 are further fragmented and are not seen in the

masg rpectra.
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Chemical lonization

In an attempt to improve the sensitivity of the
individual drugs, they were analyzed by chemical ionization
(CI) utilizing methane as the reagent gas as was done by
Jenkins and Friedel (34). To determine the methane pressure
to be used, mass spectra were obtained for the methane
alone. This was done by varying the methane pressure by 0.1
torr increments from 0.0 torr to 1.0 torr (instrument
manufacturer's recommended reagent gar range), and the

results can be seen in Figure 12. 1t was by thie means that

RIC DATA: METHANETEST SCANS 170 79
092/26/85 14144308
SAMPLE:

.30

7036928,

RIC_|

1 M 1 M 1 M T S 1 M 1 A 1

18 2 » 40 50 68 SCAN
9:30 1141 2:38 a2 4312 5183 8153 TIME

Figure 12. The total ion intensity of methane (the
reagent gar). The pressure in torr 1e indicated at each
level.






It war determined that the maximum concentration of the
reactive CHs* ions occurs at 0.4 torr and, therefore,

this is the optimum methane operating pressure. The
following changer in the GC parameter. were made in order to

get the desired sensitivity and peak sharpness.

1. INITIAL TEMP. = 150 deg.
2. RAMP RATE = 10.0 deg/min.
3. SPLIT/SWEEP VALVE = 60 sec.
4. FIL. 7MULT. OFF TIME = N0 rec.

8., SCAN FROM 150 TO 350 AMU |IN 1.0 sec.
The split/sweep valve tine i the amount of time that the
valve is initially closed to allow all of the sample to get
onto the column. The results are noted below in Table 4 and
ar can be seen there war a vast improvement in the relative

intensitier and sensitivity of all three drugr. The

TABLE 4

DATA FOR CI COF INDIVIDUAL DRUG STANDARDS

DRUGS Retention time Intenrity Sensitivity
(min: sec) (units) (ng) T
AMI $:44 14944 10
NOR £:853 11264 20

RO 6:19 16480 30
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intensities for NCR and PRO, because of the broadness of
their peaks, reflect the areas under the peaks. It must be
remembered that the intensity referred to here ie arelative
term and will vary depending on the manual tune settings and
other inrtrument conditions. The chemical ionizaton mass
mpectra of AMI, NCR and PRO are seen below in Figuree 13-15.
It should be noted that the ratio of MH* to M* is
approximately 10 to 1. This agrees with statements made by
the nanufacturer on Cl results. The (M + CaHs)* ions

and (M + CaHae)* iONS are seen in the mass spectra, but

(M + CHa)* ions are not detected by this Ms technique.

This is because nearly all of the CHs* that reacts with

¥ forms M+ and CHe as in reaction 5. It is this MH*

ion that remultr in the base peak in each of the cases. At
this methane pressure some fragmentation of the drug
molecule occure. This results in the detection of many
characteristic mass peaks that can be umed to confirm the
identification of the analyzed drugs. So under these
conditions, there are three criteria for identifying a
ruspected drug ¢1) retention tine, ¢2) the rolecular weight
of the compound am obtained from the mass of the MH+ i’on,
and (3> the nolecular fragmentation pattern.

A standard drug mixture of AMI, NCR and PRO, each
with a concentration of 250 ng/aL, was analyzed using the
same GC parameters an noted above. Since the split/sweep
valve off-time is 60 sec the injection issplitlersand the

vast majority of the sample reaches the column.
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The RIC for one of the samplings is seen in Figure 16, and
it shows excellent resolution, intensity, and sensitivity.
The statistical information for thie analysis is seen in

Table 5. It should also be noted that the intensities in

TABLE S

Data for Chemical lonization of Drug Mixture

Drug RT  Intensity(Ht/A) Rerponse Factor*
AMI 6:56 44032/176496 0.85

NOR 7:13 23872/151524 1.00

FRO 7138 18784/ 57925 2.60

@ The peak aroa intensity value was urad to
calculated tho response factor

Table 5 are expressed in terms of peak height (Ht) and peak
area (A). The response factors (Rf) seen in Table 3 are
used in the quantitation of the drugs in an actual analysis._
The response factor value is determined by comparing the
instrument*s ability to detect various substances of equal
or known concentrations ¢as in this study). The respdonse
factor is calculated from the intensity readings of the
various drugs compared to a reference. In this study, | used
NOR as the drug of reference to calculate the response

factors.
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Figure 16. The RIC of 250 ng of each of the three
drug standards analyzed in the programmed temperature mode.-






NOR I/ AMI | = AMI Rf (7)
1515247 176496 = 0.89 8)
A response factor would have to be cal culated for al
rubstances to be anal yzed. The concentration of unknown
drugs woul d be determined using the follow ng equation
{(Iunw X Rf X Conc.Igea ¥/ Isea = CONC.unm (3)
As was noted above, intensity is a relative determination
and can vary considerably, but this variation had little
effect on calculating the response factors as seen in Table
5. Because of the broadness of the peaks and the |arge
di fference in peak height and peak area, | felt a more
accurate response factor woul d be obtai ned by using peak

area rather than peak height.
it

|f a procedure is to find clinical application, it
shoul d be as simple end easy to perform as possible. The -
programmed tenperature node is vary useful in analyzing
conpl ex m xtures and resulted in nore than adequate
separation of _the drugs. But in clinical |aboratorieg, a
majority of their work involves therapeutic drug nonitoring.
In this case, we are not working with a conplex m xture.
Therefore, | have explored the possibilities of an
isothermal procedure. The isot hermal procedures are sinpler
and faster since the colum does not need to reequilibrate -

ite tenperature (cool down to the initial tenperature)
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before the next analysis. During this portion of the study
only the initial and final temperature settings were varied
but kept equal to each other. The same standard drug mixture
war run through a series of Cl analyses to find the optimum
isothermal operating temperature. The RIC and the optimum
temperature and other GC conditions are seen in Figures 17
and 18, respectively. The RI C shows good resolution and
sensitivity for the relatively short retention times in
comparison to the programmed mode. All three drugas ware
injected onto a 200=C column and due to similarities in
molecular weight and rtructure the rerult is three rather
uniform peaks. Thie caused a substantial change in the
response factors compared to earlier programmed temperature
data. A tabular listing of the results of this isothermal
analysis is seen in Table ¢. The response factors in thie
care were calculated using the peak height because of a
difficulty in determining peak area due to peak overlap, i}

although all peaks did appear uniform.
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GC PARAMETERS

250 deg. = Injector Temp.
200 deg. = Initial Tenp.
200 deg. = Final Tenp.
1 min. = |Initial Time
0.0 D/H = Ramp Rate (deg/min)
10 nin. = Final time

250 deg.

1°®

Separator Tenp.

80 deg. Hanifold Temp.
INJECTOR MODE: CAHLARY
60 gec. = Split/Sweep Valve Closed Time
90 gec. = Filament/Multiplier Off Time
SCAN FROM 130 AMU TO 350 AMU IN 0.5 sec.
UETHANE PRESSURE: 0.40 torr (used in CI)

Figure 18. Typical computer printout of GC
conditions for isothernal analysis.

TABLE 6

Data for 200=C |loothernal Analysis of the Drug Mixture®

Drug RT INntensity R-
AMI 4:29 771 1.13
NOR 4:43 870 1.00
FRO 5:23 631 1.38

aThe GC/MS conditions for isothermal analysis are
eean in figure 18.
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GC/MS Variable Paraneters

Many researchers in reporting clinical procedureo
merely state the conditions at which the analysis is
performed. At this tire |l will show the effect of varying
many of the 6C/MS parameters. This is done in order to give
a better understanding of the overall G¢/¥S operation. This
will show that adjusting many of the variables will result
in a considerable change in the RC The first variable to
be considered is the column temperature. 1t can be varied
from 25=C t0 300°C. The compromise iS between the
analysis tine, intensity, and resolution. As temperature is
increased the analysis tine and the rasolution will
decrease. The sensitivity will increase with temperature and
will plateau at the optimum temperature. As this temperature
is exceeded, sensitivity and resolution will decrease as
peaks begin to overlap. Table 7 shows the retention tire
(RT) and the intensity ¢(I) for the three drug rtandards at
column temperatures from 190=C to 220=C while all other
parameters were held constant. Table 8 shows the relative
retention time (RRTY and the intensity (I) of the three
rtandardr at varying column temperatures. This was
accomplished Dy using the information from Table 7. The RRT
is a means of standardizing retention tines from numerous
chronatograms. The RRT is determined by establishing one of
the drugs as the standard or reference drug and its RRT is

1.00. All of the other drugs RRT are determined by
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TABLE 7

The Retention Times (RT) and Intenritier ¢I) of the Drug
Standards at Various Isothermal Temperature8

GLUMN TEMP. AMI(RT/I) NOR(RT/ID) PRO(RT/I)
190 4:55/1830 S5:15/347 5:57/223
200 3:11/71898 3:23/72037 3:49/3561
210 2:17/189%98 2:26/4244 2:44/1868
220 1:5871180 2:02/1500 2:12/1650

TABLE 8

The Relative Retention Timer (RRT) and Intensities (1) of
the Drug Standardr at Various Isothermal Temperatures

GLUMN TEHP. AMI(RRT/I) NORC(RRT/1I1) PRO(RRT/I)
190 1.00/1830 1.13/347 1.22/7223 .
200 1.00/71898 1.04/2037 1.12/3561
210 1.00/1898 1.04/4244 1.12/71868
220 1.00/1180 1.27/1500 1.34/1650

establishing a ratio between then and the reference drug.
Analyres at temperatures less than 180<C reeulted in
extremely long RT and decreased intensity and sensitivty due
to peak broadening. Analyses at temperatures greater than
220=C resulted in a complete loss of resolution because

all three drugs appear as one large peak with an extremely
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short retention time. The drugs could be distinguished only
through conputer enhancement by scanning for individual
characterietic masses.

This same effect is seen in the programmed
temperature analyses when the column temperatures ¢initial
and final) and the ramp rate are varied. It therefore
appears that the degree of sensitivity and the resolution
attained is directly related to the retention time which is
controlled by the column temperature. Table 9 showe a
comparison of the retention timer (RT? and the intensities
(1) of the drug standards to the operating ramp rate in

degrees per minute (b/M).

TABLE 9

The Retention tines and Intensities of the Drug Standards at
Variour Ramp Ratesa

Ramp Rate(D/M) AMIC(RT/I) NOR(RT/1) PRO(RT/)

S 9:33/21180 9:49/9316 9:57/7252
10 6:54/57228 7:12/749799 7:33/22466
15 . 5:36/43846 5:43/32458 6:00/10334
20 4:58/8768 b Al )P

& All analyses were performed according to the
conditions seen in Figure 8, except for ramp rate.
= NOR and PRO appear =3 one peak at 5:02
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The next paraneter requiring investigation was the
hel i um head pressure. Thir pressure can typically vary from
S to 30 psi (pounds per square inch). The nore common
term nology for carrier gas (helium) neasurenments is flow
rate. Thie was nearured at preeeures of 5 and 10 psi and
rerulted in heliumflow rates of 1.0 and 20 mL/min. Table
10 shows the effect of helium pressure on the drug’s
retention tine whi le all other paraneters remain constant.
The RICs of this series of anal yrer showed again that there
is a direct correlation between intensity and retention
tine. The lower pressures resulted in long retention timnes
and poor intensity due to very broad peaks that at tines
were nearly lost in the background noise, whereas the higher
preesures resulted in rhorter retention tines, greater

intensities and excellent sensitivity. It must be

TABLE 10

The Retention Times of Drug Standards at Variour Helium
Pressures (psi)#®

HELIUM -PRESSURE

RETENTI ON TI ME i

(psi) (min: gec)

ANMI NOR PRO
10 11:02 11:30 12:05
20 9:33 9:49 9:57
30 8:33 8:45 9:25

®A11 analyrar were at S deg/min ranp rate.




fon

A

e 1
. PN
'
Ve
- A -

‘

L
PRSI
oy
R
b v

s




remembered that varying this and other parameters that
affect retention times nay reault in loss of resolution due
to overlapping of RIC peaks.

As noted earlier the Ms has the ability to scan for
ions with a aasr-to-chargeratio from 1 to 800. In this
study scanning war typically from 150 to 350 amu in 0.5 to
10 sec. The Finnigan model 1020B can also scan for a number
of selected ion masses in a tine frame of 0.030 to 1.000 eec
for each mass or mase range while the total scan nay take
0.50 to 400 rec. The instrument will then reset itself and
begin scanning again. This concept is termed selected ion
noni toring (SIN). The advantage of this is two-fold; the
background is decreased because fewer masses are being
rcanned so fewer interfering ions are detected, and the
selected masses are scanned for a longer period of tine than
in previouely noted ranger resulting in more ions of a
specific mass detected and higher intensity readings. These_
advantages result in an overall increase in detection
sensitivity.

The effective use of CI and SM are dependent upon
the ability of the reagent gas to react with the parent
molecules to be studied. This ability is reflected in the
conversion rate of M+ to MH* and the effectiveness is
measured by the MH+* to M* ratio. Ae noted earlier in

Chapter v, methane is the reagent gar in this study and its

optimum pressure was determined through independent methane
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studies. The experimental proof of that optimum pressure war
demonrtrated through a series of analyses of the drug
standards at various methane pressures. This was
experimentally demonstrated through analyses of AMI in which
the methane presaure was varied at 0.1 torr increments while
monitoring the relative percentage of MH+ formed compared

to the total amount of ions detected. Table 11 shows the

results of this series of analyses.

TABLE 11

Comparison of Methane pressures and the Relative amount
of the UM+ formed during AMI analyses

Methane Pressure (torr) Rel. % of MH-+
0.20 11.93
0.30 18.10
0.40 12.00
0.50 9.71

This pressure ir measured in the ion source of the Ms and it
varies depending on the type of rolvent and the sample size,
but mainly on the flow rate of reagent gas entering the ion

source.
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ini I mparigon of Stud

In thie study it waas determned that sensitivity of
t he devel oped procedures ranged from 10 to 30 ng. It nust be
remenbered that this is the actual amount of the drug
injected onto the colum. In many of the clinical procedures
the foll owi ng steps are fol |l owed

1. 1-3 mL of serumfrom patient is required.

2 100-200 ng of internal standard is added.
3 A basic buffer is added to attain pH 9-11
4. Extracting solution (such as hexane/alcohol) is added
5 70-99% of drug is extracted into organic phare.
6. Organic phase is drawn off and evaporated to dryness.
7. 5-100 ul of pure hexane is added to reconstitute

resi due.

8 1-3 uL concentrated drug in hexane solution is
i nj ect ed.
The critical steps in concentrating the drug samples are
steps 6 and 7. The above noted method is simlar to the
procedure devel oped by Rovei et al (30). Thus, the serum
AMI concentration of 100 ng/mL would result in the iajection
of 30-40 ng of AMI being injected into the colum. This is
well within the sensitivity range of the above developed
GC/MS procedure. The mathematical explanation of this is as

follows:

100 ng/mL x 2mL = 200 ng €(10)
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200 ng/ 20 aL = 10 ng/ aL (11)

Equation 10 shows that 2 mL of serumfrom this patient would
contain 200 ng of AMI. The drug is conpletely extracted into
an organic solvent and then this solvent is evaporated at
60=C under a stream of nitrogen gas. According to this
procedure the residua is reconstituted with 20 uL of hexane.
Therefore, as shown by equation 11 the 200 ng of AMI is now
found in 20 uL or 10 ng/uL of hexane. Then 3-4 uL of this
mixture or 30-40 ng of AMI is injected into the GC

Some of the newer procedures such as that devel oped
by Chinn et al (32) have elimnated the drying and
concentrating steps. In this procedure the drug is extracted
into 200 uL of a toluene/hexane/alcchol m xture and then 6
uL is injected onto colum. According to this extraction
procedure a rerun AMI concentration of 120-250 ngsmL woul d -
result in the injection of 7.2 to 15.0 ng of AMI onto the

colurn.
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CHAPTER VI
CONCLUSI ON

As noted earlier, there have been nunerous
procedures devel oped for the separation, identification and
guantitation of numerous tricyclic antidepressants i ncl udi ng
amitriptyline, nortriptyline and protriptylina. These
procedures have included spectronetri c methods,
radioimmunocaasays, thin-|layer chromatography,
enzyme-| abel | ed i mmunoar says, and nost recently high
prersure liquid chromat ography (HPLC) and gas chronmat ography
(GC). The latter method, GC, has becone the nost w dely
accepted nethods for drug studies. Through the years many
types of detectors have been used with gar chromatographs
such as ultraviolet detectors, nitrogen-phosphorous
sensitive detectors and mass spectroneters. It is the
conbi nati on of gas chromatograph/ mass spectroneter (6C/MS)
that has resulted in a highly senritive and highly specific
instrument capabl e of detecting and identifying picogram
quantities of drugs.

In spite of all the research acconplished, there was
a limted amount of work done using fueed silica capillary
col ums conbined with 6C/MS. This was especially true for
capi llary colums with the SE-54 stationary phase, since no

research work was found that used this particul ar stationary
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phase with 6C/MS. There is also a very snmall anount of work
i nvol ved with studying the capabi 1itier and the limtations
of capillary &c/MS. In this study, procedures and GC/MS
paraneters for both progranmed or ranping tenperature and
i sot hermal nodes were investigated. The programed
tenperature procedure could rupply excellent separation of a
compl ex drug m xture and could be very useful in identifying
an unknown drug. The isothermal procedure woul d provi de more
t han adequate separation and more reliable response factors
for the quanti tation of drugs as in the case of therapeutic
drug nonitoring. In this case the use of el ectron ionization
appeared |less effective due to a |lower sensitivity and
specificity, whereas chemical ionization utilizing nethane
as the reagent gas resulted in significant increases in
sensitivity and specificity. The specificity increased
because the nol ecul ar wei ght of the parent nol ecul e can
easily be determ ned and the presence of additional -
fragnentation resulted in identifying many characteristic
mass peaks.

It was the purpose of this study not only to devel op
a procedure of optimum conditions but alse to report the
effect of varying the conditions. The following is a list of
the opti mum é¢/MS conditions for the programed tenperature
node and the isothermal rode. The isothernmal mode conditions
are in parentheses if they are different than the progranmed -

node.



GC PARANMETERS
250 deg. = Injector Tenp.
150 deg. = Initial Tenp. (200 deg.)
220 deg. = Final Tenp. (200 deg. »
1 mn = Initial Tinme
10.0 D/M = Ranp Rate deg/min (0.0 D/N)
10 mn. = Final tine
260 deg. = Separator Tenp.
80 deg. = Manifold Tenp
| NJECTOR MODE: CAPI LLARY
60 rec. = Split/Sweep Val ve Cl osed Tine
90 sec. = Filament/NMultiplier Of Tine
SCAN FROM 150 AMU TO 350 AMU IN 0.5 sec.
METHANE PRESSURE: 0.40 torr (used in CI)
HELI UM PRESSURE: 20 psi
Figure 19. The typical conputer printout of the
opti num 6C/MS progrannmed tenperature node conditions. The

optimum irothermal conditions, if different, are noted
parent hetically.

In invertigating many of the adjustable paraneters the key
factor in reparating a drug m xture appears to be the
retention tine. This is affected by several variables such
as columm tenperature (isothermal or progranmed modes),
carrier gas flowrate and columm diameter and length. It

nust be renenbered that an adjustnment of any paraneter nay



result in a compromige in resolution, retention tine, or
sensitivity of a procedure's results.

One of the factors that was not investigated and
could have a definite effect on the procedure is the
stationary phase coating of the capillary colum. The SE-54
coating used in this study is slightly polar and nay tend to
cause the tailing and broadened peaks evident in some of the
RICs, whereas a less pol ar columm coating, such as SE-30 or
OV-101 that contain polydi mathy 1eil oxane polymers, may be
more effective due to the slightly polar characteristics of
these drugs. There are al so some col uimms avail able with
slightly larger inside dianeters or £ilm thickness. These
vari ous columm characteristice may result in sharper peaks
without the tai ling but some of the resolving power of the
SE-54 coating woul d be |ost

Anot her factor that could be investigated is the
reagent gas. Methane was used in this study, but as -
suggested by Chinn et al (32), by using a
nmet hane-anmoni a m xture as the reagent gas a |arger
percentage of the MH+ ions were produced. This is because
a nore stable MH* ion is fornmed, less fragnentation of the
parent nol ecul e occure, and fewer secondary reactions occur
This could result in better sensitivity when anal yses are

performed by chem cal -ionization sel ected-ion nonitoring.
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