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ABSTRACT 

THE SEPARATION, IDENTIFICATION AND QUANTITATION OF 

TRICYCLIC ANTIDEPRESSANTS UTILIZING A CAPILLARY GAS 

CHROWATOGRAPH AND MASS SPECTROMETER 

Robert H. Geidner 

MASTER OF SCIENCE 

YOUNGSTOWN STATE UNIVERSITY,1986 

Many procedures have been developed to separate, 

identify and quan ti ta te various tricyclic an tidepressants 

such as ami tripty line, protripty line, doxepin, imipramine 

and nortriptyline using a gas chromatograph and various 

detectors. Huch of today's research work is done using 

fused silica capillary columns because of their increased 

resolving power due to the large number of theoretical 

plates. Still, much of the clinical work uoes the eomewhat 
- 

outdated packed columns. 

A recent study commented about inaccuracies in 

quantitation of various tricyclic antidepresrants by many 

clinical laboratories (1). Many of these procedures Involve 

single or multi-step extractione, preparation of derivatives 

of these drugs and the use of variour detectors in order to 

repara te and identify them. 

In the present study, state of the art equipment was 
- 

ured to investigate the factors that might affect the 

reparation, identification and quantitation of three very 
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similar tricyclic antidepressants: ami tripty line, 

nortripty line and protri ptyline. Thir was accomplished by 

using the many advantages of capillary gar chronatography 

(6C) combined with mars rpectrometry (HS) for increared 

rerolution of complex rixtures and the detection of nanogram 

levels of the individual drugs. In order to separate and 

identify these three an tidepressan ts, standards of varying 

concentrations of each drug and nixtur@e of the three drugs 

were run to obtain their optimal GC condi tionr. In order to 

further increase senritivity, samples were analyzed using 

methane chemical ionization and oelective ion monitoring. 

Then many of the 6C/HS parameters were varied in order to 

see their effect8 on reparation and quanti tation. 
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CHAPTER I 

INTRODUCTION 

Biochemical and Pharnacoloaical Background 

Tricyclic antidepreasanto <TCA's) are one of the 

nost widely used clarser of psychotropic drugs for the 

treatment of endogenous depreeaion. This type of depreesion 

ir hypothesized to be the reoult of a genetic-biochemical 

abnormality affecting a person'm ability to cope with 

stress. Depressive illness can be divided into two groups, 

depending on which neurotranrnitter is deficient: 

1. Norepinephrine 

2. Serotonin 

OH 
I 

HO- -C-H 
I - 
CHrNH, 

HO- 

Serotonin 

Norepinephrine 

Fig. 1. Chemical structure of Norepinephrine and Serotonin 





Each condition can be identified by docrearea in the 

rerpective breakdown products of metabolirm of the deficient 

neurotranrmitter. In carer of norepinephrine-related 

deprerriona, there ir a d~crea64B in urinary lrvele of 

normetanephrine (WHET), vani 1 lylmande lic acid (VXA), and 

3-me thoxy-4-hydroxypheny lg lyco 1 (HHPG). For thore pa tien te 

ruffering fror serotonin-related drpresrione, the breakdown 

product of serotonin, 5-hydroxyindoleacetic acid (5-HIAA) ir 

found in abnormally low levels in the rpinal fluid (2). 

Norepinephrine and rerotonin are both products of 

the body's ~etabolism of tyrosine; the latter goes through a 

longer pathway via tryptophan production. There 

neurotransmitter. carry nerve irpulrer across the synaptic 

cleft to be picked up by receptors on the neuron cell 

membrane, at which tire the synaptic trsnsmiesion ie 

terminated. The moat effective action of antidepressants to 
- 

relieve daprearion ir to block the uptake of there amine 

neurotranami t tars at the rynaptic cleft, thereby a 1 lowing 

longer perairtence of neurotranrmirrion. 

It ham been shown that amitriptyline giver better reiponoe 

in patient. with rerotonin-related deprassion, whi le 

imiprsmine and it8 related tricyclic antideprerranta work 

better in patientr with norepinephrine defects. Since these 

drug. are usually given over a long period of time it ie 
- 

important to moni tor their plasma lavele. Thie can help to 





optimize therapeutic response and avoid toxic side- effects. 

The importance of monitoring can be realized by comparing 

therapeutic levels and toxic levels as reen in Table 1. It 

rhould also be noted that life- threatening cardiac toxicity 

or reizurer have been seen in cares of plasma concentrations 

over 1,000 ng/nL (3). 

TABLE 1 

THE ORAL DOSAGES, THE THERAPEUTIC PLASUA LEVELS AND THE 
TOXIC PLASUA LEVELS OF AUITRIPTYLINE (AtlI), NORTRIPTYLINE 
(NOR), AND PROTRIPTYLINE (PRO) (4 ) .  

DRUG DOSE THERAPEUTIC LEVEL TOXIC LEVEL 
(mg/day) (ng/rL <ng/nL) 

NOR 40-100 50- 150 200 

PRO 15-40 50-150 200 

There are three tricyclic antideprerran ts to be - 

investigated in thir rtudy: 

1. Am1 trip ty line 

2. Nortriptyline 
- - 

3. Protriptyline 

Ami tripty line ir a potent antidepressant but maintains a 

low degree of toxicity. It also ham mi ld aide effect6 which 

include drowminess, dizziness, nausea, headaches and 

hypotenrion. Nortriptyline is very riri lar to ani triptyline - 

in both rtructure and function, although it dore present 





AMITRIPTYLINE(Elavi1) 
CaoHroN 
W.W. = 277 

NORTRIPTYLINE(Pame1or) 
CamHsraN 
W.W. = 263 

Fig. 2. The chemical structure, chemical formula, molecular 
weight, and trade name of Ami tripty line, Nortripty line, and 
Protriptyline. 

rone nore serious ride-reactions in some patients that would 

warrant discontinuing the drug. There would include 

tachycardia, hypotenmion, confusion, and hallucinations. 

Protriptyline is a rapid acting drug without the usual 

tranquilizing properties of other TCA's. It is similar to 

nortriptylina because of the serious consequences occuring 

in an overdose due to cardiac involvement ( 5 ) .  





Himtory of Analytical Method8 

Since 1960 there have been nunerour methods 

developed for the measurement of TCA'r. Host of there 

methodo require extraction of the drug from an aqueous 

biological nedium into an organic rolvent. Thir rxtract can 

then be analyzed by rpectrofluorometry, thin-layer 

chromatography (TLC), high performance liquid chromatography 

(HPLC),radioinmunoar.ay (RIA), enzyme inmunoasrayr ruch ae 

enzyme multiplied innunoarsay (EHIT), and gas chromatography 

( 6 C ) .  The main criteria for modern toxicological methods are 

rpecif ici ty, sensi tivi ty, accuracy, reproducibility, time, 

and coat of equipment and analysir. The following is a 

review of various modern methods for the nearurement of 

TCA'a uring the above notad criteria as guidelines. 

An early opectrofluoronetric procedure developed by - 

Moody and colleague8 ( 6 )  involved a three-step extraction 

and acetylation before analymir. Thir method war not very - 

rpecific because rome of the parent drug's metabolAte8 

interfered with the analyrir. In 1978, Kaul and him 

colleagues (7) developed a method uenuitive enough to-- 

measure 5 ug/L. This war a very time consuming procedure 

mince i t involved reacting am1 triptyline with 

alpha-bromomethylacridine forming a quaternary product. 

TLC procedurer have been developed by a number of 

researchers (8-9). It currently ir a mtandard screening 

(qualitative) nethod with a sensitivity better than 1 ug/L, 





and a1 1 resul tr nay be confirmed and quanti tated by other 

me thode. 

The use of HPLC for the separation of TCA'r was 

firet described in 1975 by Knox and Jurand (10). The HPLC 

procedures are very rinilar in extraction method and 

renaitivity (approximately 1 ug/L) to GC procedures. The 

advantages of HPLC are its large carrying capacity and that 

the ranples are not destroyed as with GC. HPLC can also be 

used with a number of different detectorr such as mass 

spectroneter(HS) and virible and ultraviolet (UV) 

detectors. 

RIA procedures for tricyclic antidepressants were 

introduced by Spector and colleagues in 1975 (11). Since 

then nunerous other methods have barn described with 

remarkable reneitivity and precision but with questionable 

specificity. This is due to crorr reactions with various 

other tricyc lics and their netabo li tea. The RIA procedures 
- 

have cone under fire in recent years because of inherent 

biohazard factor8 and are currently being replaced by onzyre 

labelled methods ruch as EUIT. 

The enzyme inmunoasray procedure. have recently 

found wide acceptance in the area of toxicology in clinical 

laboratories. This is because assays such a0 the EUIT 

procedures conbine the specificity and sensitivity of 

innunoarsay with the convenience, speed, and reproducibility 
- 

of enzyme nearursnentr. 
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TABLE 2 

SUMMARY OF METHODS USED TO MEASURE TRICYCLIC ANTIDEPRESSANT 
DRUGS IN SERUM (13). 

NETHODS SENSITIVITY(II~/L) SPECIFICITYa DERIVATIVE 

Spec trone tric 100 1+ YES 

F luorore tric 5-30 

TLC 5 

YES 

NO 

RIA 0.1-2 3+ NO 

HPLC /UV 2-10 2+ NO 

8pecificity 18 graded on a 8cale of 1-4 or 
poor -exce 1 lent 

* denotes other detector. as noted on above. 

The EMIT principle ir as followrr (1) Drug-specific - 

antibodies are added to the patient specimen. (2 )  

Antibody-drug binding occurs. (3) The enzyme-labeled drug is 

added and will occupy any vacant antibody sites. (4 )  The 
- - 

free enzyme-labeled drug reacts with the oubstrate, 

resulting in coenzyme conversion and an absorbance change 

which I8 measured rpectrophotoretrically. As antibody-drug 

binding taker place, enzymatic activity is reduced. 

Therefore, only the free enzyme-labeled drug can react with 

the substrate and coenzyme. Ar a rrrul t, the rate of enzyme 





activity ie directly proportional to the patient's drug 

concentration. In many of these procedure8 there ir atill a 

lirited amount of  crorr-reactivity to the drug'r own 

metabolite8 and other very similar drugs (13). 

6am chromatography (GC) war firrt described in 1952 

by A. T. Jamer and A. J. Martin with their work in 

reparating volatile fatty acid8 (14). They used a packed 

column in which there ir a stationary phare, urually a 

nonvolatile rolid or a nonvolatile liquid coating an inert 

rolid, and a mobile (gas) phase. Thir ir a procesr in which 

volatile rubrtancer are reparated according to their vapor 

prerrurer. The higher the vapor prerrure of a compound,the 

greater 18 it8 mobile-to-rtationary phase ratio and 

therefore, the farter i t wi 1 1  elute from the column (15). 

The rolubility of the rolute in the liqiud phare is a180 a 

minor factor to be considered. 

There are two typer of column8 presently being uredr 
- 

packed co lumnr and cap1 1 lary columns. The packed co lumns 

contain a nonvola ti lo ro lid < 8 ta tionary phare) and typical ly 

measure 6 ft. x 2 ma 1. d. Whereas capillary column8 will 
- - 

mearure 12-50 n x 100-500 um 1.d. There are three main typer 

of cap1 1 lary co lumnr: 1 ) ruppor t coated open tubu lar( SCOT -a 

mingle coating of support material in a liquid matrix; 2) 

porous layer open tubular(PL0T)-porour layer of support 

material fixed to column wall; and 3) wall coated open 
- 

tubular(WC0T)-liquid phare deposited directly upon column 
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wall. The packed and capillary colunnr both have a wide 

variety of atationary pharer available. 

The recent development of bonded phare capillary 

colunnr ha8 rerulted in ruch nore durable, reliable, and 

rmproducib le co lunns. In there co lunnr , the rta tionary 
pharer are polymer chain*, ruch am polydinethyleiloxane, 

that give the column a particular polarity. There polyners 

are covalently bonded to the rilica surface of the column 

and are alro crors-linked to each other. Thim bonding 

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 nultiple injections of a polar 

rolvent ruch as water (16). 

6ar chronatography ir the most widely used nethod - 

for the detection of TCA. It war firrt used for this in 

1970 by Braithwaite and Whatley (17). There have been a - 

nunber of different type. of detectorr utilized much as 

f lama-ionization, electron-capture, and alkali 

flame-ionization (nitrogen-renaitive) datectorr. There are 
- - 

nunerour procedures using these detectorr and all show 

excellent precision and ransitivity, but the rpecificity is 

quertionable. Thia ir because all of there detectors measure 

the total nunber of ion6 or reactive atonr reaching the 

detector and do not provide a means of identifying the drug 
- 

being analyzed except for it8 retention tine. 





In 1976 Hammer and colleagues ured the combined gas 

chromatograph/ mar8 rpectrometer in the datection of 

nortriptyline ( 18). The ranul t war a very rensi tiva and 

precire procedure with a greatly improved rpecificity. In 

thir care, the mars rpectrometer detect* the total number of 

ion8 and aimultaneously mearurer the abundance of ion 

fragnentr according to their maor. Thir fragmentation 

pattern, which ir due to electron or chemical ionization, ir 

unique for each drug and can be unad in combination with 

retention times to identify a rpecific drug. Sinca Hanmer'r 

work, there have been many improvement8 in procedures, nara 

rpectrometry instrumentation, and the wide ure of capillary 

column8 to give greater reparation and identification of 

complex mixtures of drugo. Many of the tanden (6C/MS) 

instruments have been interfaced to computers for improved - 

con tro 1 of inn trunen t parame terr and date h m d  1 ing . 
There her been much research done on developing gas- 

chromatography procedure8 for TCA's. These procadurea have 

utilized both packed and capillary colunnn, a number of 

rarple preparation technique., and variour detectorr. There 
- - 

arm many axamples of technique8 using packed colunnr and 

flame-ionization detectorr (191, maon rpectroneterr ( 2 0 )  and 

nitrogen-sennitive detectors involving ringle and multi-atep 

ex traction8 (23-22). In recent years, there ha8 bean an 

increared amount of work uring capillary coluanr and 

nitrogen/phorphorur sensitive detectorr (23), 
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flame-ionization detectors (24 )  and mar8 rpectroneterr (25). 

The greatest improvement in renritivity and specificity are 

the rerult of the gar chromatograph / narr rpectrometer 

combination. 

The potentia 1 analytical power of thir combination 

war first realized in 1957 when Holner and Xorrell crudely 

coupled the two instrument8 (26). Harm rpectrometera have 

three basic function. (1) to vaporize compound8 to be 

analyzed, (2)  to ionize neutral molecular in the gar phase, 

and (3) to reparate and detect ion8 according to their 

mars- to-charge ra tior 4 m/z 1. In the GC/HS inrtrunentr 

vaporization is accomplished in the oven of the gas 

chromatograph and maintained throughout the ryrten. 

Ionization can be accomplirhed a number of ways; the one8 of 

interart in thir rtudy are electron impact ionization and - 

chemical ionization. In electron impact ionization, the 

sample is introduced to the ion source as a vapor. This 

vapor ir then bombarded by high energy electron8 producing a 
- - 

posi tively charged nolecular ion (?l+). The electron energy 

can be varied but is typically 70-80 eV. The amount of 

energy required for ionization of most organic compoundr ir 

7-13 eV. This ionization energy is the amount of energy 

needed to remove an electron from the highest occupied 

molecular orbital. This reaction is reprerented as fol lows: 





Upon ionization,the excess energy may caure the 

decomposition of I$+ to form fragmented ions (F1+, F2+, 

etc). This fragmentation pattern, or mars spectrum, can be 

used to identify the structure of the original molecule. The 

mars spectrum can be used for identification since it is 

like a reproducible fingerprint of the compound. It ir these 

mass spectra and retention times that are used in 

identifying conponento of a conplcx mixture. 

Once the compound ha8 been identified, the relative 

amount of the compound can be determined and i ts molecular 

mass confirmed by the use of chemical ionization. This has 

been used quite of ten for quanti tation because of its 

increared sensi tivi ty. In chemical ionization (CI), the 

sample im vaporized in the presence of a high pressure of 

reagent gas such as methane or ammonia which is bombarded by 

electronm. Since the reagent gas is found in excess compared 
- 

to the mample, it ia the reagent gas which is ionized by the 

electrons. The ionization of the mample is the result of 

ion-molecule collision reaction. between the ionized reagent 
- - 

gar and the rample molecules. Therefore, ionization im the 

result of a chemical reaction rather than direct bombardment 

of electrons. In this study methane (CHI) war used ar the 

reagent gas. The high concentration of reagent gar results 

in recombination reac tions and further ionization. 
- 

Therefore, the following reactions occur during ionization: 





There is also a small amount of the CoHm+ ions formed 

during ionization. It is these ionr that react with the 

sample nolecules (I¶) to form the (U + H)+, (U + CHo)+, 

tl4 + CsHm)+, and (l4 + C~HI)+ ions. As a result 

of chemical ionization the fragmentation that is seen in 

electron impact ionization does not readi ly occur and a 

majority of sample ions are found in the HH+ form. 

W + CHI+ + WH+ + CHI ( 5 )  

Therrf ore, with a properly tuned mass rpec tone ter the UH+ 

ion concentration in the CI mode of operation may be ten 

times greater than the U+ ion in the EI node of operation. 

This in effect causes a ten-fold increase in sensitivity. - 

Once ionization i r conp le ted, the mass spec tromr ter 

must separate and detect the ionr according to the mass to - 

charge ratio (n/z). There are two principal methods for 

separating the ions to be discusmed at this tine. The first 

utilize8 electrical and magnetic fields and the second user - - 
a quadrupole masr filter. The first magnetic-rector masr 

spectrometer, in which positive ions are deflected 180 

degrees in a aagnetic field, was used by A. J. Denpster in 

1918. The ione leaving the ion rource all have the same 

kine tic energy 

KE = 1/2 mvP = zeV ( 6 )  





where m is t h e  maos o f  t h e  i o n ,  v is its v e l o c i t y ,  z is t h o  

number o f  c h a r g e s  on a n  i o n ,  e is t h e  magnitude of t h e  

e l e c t r o n i c  c h a r g e ,  and V is t h e  e l e c t r i c a l  p o t e n t i a l .  A s  

i o n s  e n t e r  t h e  magne t i c  f i e l d  they  are s e p a r a t e d  a c c o r d i n g  

to t h e i r  momentum and e a c h  m/z w i l l  have  a un ique  r a d i u s  o f  

t r a j e c t o r y ,  R. The h e a v i e r  i o n s  have  more momentum and are 

t h e r e f o r e  i n f l u e n c e d  less by t h e  magne t i c  f i e l d .  T h i s  is 

s e e n  by a f l a t t e r  t r a j e c t o r y ,  whereas  t h e  l i g h t e r  i o n s  are 

n o r e  s t r o n g l y  i n f l u e n c e d  and follow a n o r e  curved  

t r a j e c t o r y .  F i n a l l y ,  t h e  i o n o  n u s t  p a s s  through a f o c u s i n g  

slit to r e a c h  t h e  d e t e c t o r .  Thus, a t  a g i v e n  magne t i c  f i e l d ,  

B, o n l y  i o n s  of a s i n g l e  m/z (m/z = BaR=/2v) w i l l  have  

t h e  p r o p e r  t r a j e c t o r y  t o  r e a c h  t h e  d a t e c t o r .  By v a r y i n g  t h e  

magnet ic  f i e l d  s t r e n g t h ,  a w i d e  r a n g e  o f  m/z v a l u e s  c a n  be  

scanned to  be f o c u s e d  a t  t h e  d e t e c t o r  slit. T h i s  type  of 

mass s p e c t r o m e t e r  is l i m i t e d  to a s c a n  rate of 0.1 r / d e c a d e  

for  t h e  t y p e  of magnets  a v a i l a b l e .  A mass decade  r e p r a s e n t s -  

a t e n - f o l d  i n c r e a s e  i n  mass, fo r  example, 50-500 anu. A t i m e  

of approx imate ly  0 . 2  o is needed to reset t h e  magnet between 

s c a n s .  T h e r e f o r e ,  t h e  t o t a l  s c a n  t i n e  is 0.3 s. - - 
The quadrupo le  mas. f i l t e r  c o n s i s t s  of f o u r  r o d s  

c a r r y i n g  v a r i a b l e  combina t ions  of b o t h  r a d i o  f r e q u e n c y  (RF) 

and d i r e c t  c u r r e n t  (DC)  v o l t a g e s .  I o n s  i n t e r a c t  w i t h  t h e  

electrostatic forces c r e a t e d  by t h e  r o d s  af trr t h e y  are 

a c c e l e r a t e d  towards  t h e  d e t e c t o r .  By con t ro  1 l i n g  t h e  

DC-to-RF r a t i o ,  a n  electrical f i e l d  c a n  b e  e s t a b l i s h e d  s o  





that ions of only one specific m/z value can pass through 

the mass analyzer, whereae almost all other m/z value ions 

collide with the rods and are neutralized. If the RF and DC 

amplitudes are eimultaneously varied, a wide range of m/z 

value ions can be analyzed by the detector. The mass 

scanning range of the quadrupole mass filter is 

approximately 10-800 anu. A maximum scan rate of 780 amu/s 

can be reached before there is a significant decrease in 

remolution, peak shape, and intensity. This type of 

instrumentation is especially useful when a capillary column 

GC technique is performed. Capillary columnr 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 reasonable reconstructed ion chronatograms, 

RIC, (graph of total ion current versus time) under these 

conditions, a scan rate of 100 scans/e is necessary (27 -28 ) .  

The conditions noted above are extremes and are beyond the - 

capabi litiee of the inrtrumentation used in this study. The 

rpecifications of the Finnigan Uodel 1020B and capillary 

column used in this study are noted in the materialo-and 

apparatus section of this study. 
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CHAPTER I1 

PURPOSE OF STUDY 

It hae been noted in a previous study that many 

clinical laboratories doing work in toxicology have great 

difficulty in the detection and quantitation of nunerous 

drugs (1). It ir the purpose of this study to develop the 

optinun operating criteria for the separation, 

identification and quantitation of three very similar 

tricyclic antidepressants <AMI, NOR, and PRO) uti lizing the 

Finnigan Hodel 1020 GC/HS with a capillary column. I have 

chosen to do thie work using standards and not to deal with 

drug extraction procedures themselves becauee of the vast 

amount of work done in this area and due to the extra 

equiprent and tine necessary. It is also my intention to use 
- 

available equipment such ae a capillary column and an 

injector liner with as little pretreatment as possible to 

make clinics 1 adaptation easier and less time consuming. 

I will also attempt to thoroughly investigate as 

many variables or adjustable instrument parameters as 

possible to see their effects on the procedure. Therefore, 

the scope of this study is two-fold, to investigate the 

problem of developing an analytical procedure and to 

understand the capabi li ties of a s ta te-of -ar t GC/HS 

in8 trumen t .  





CHAPTER I11 

UATERIALS AND APPARATUS 

A 1  1 reagents were ana ly tical grade including 

methanol supplied by Fisher Scientific Co. (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 

Youngstown Osteopathic Hospital and purchased from the 

following companies: ami triptyline HC1 (Elavi 1) and 

protriptyline HC1 (Vivacti 1) from Uerck Sharp & Dohme (West 

Point, PA 19486); and nortriptyline HC1 (Pamelor) from 

Sandoz Pharnaceu tica 1 Div. (Ear t Hanover, N. J. 07936). 

All analyses were performed on a Finnigan Uodel 

10208 Automated GC/US which is computer interfaced for 
- 

instrument parameter control and data proceesing. In this 

study the chemical ionization (CI) ion source war used, as 

opposed to the electron ionization (EI) ion source, in order 

to give optimum results during chemical ionization - -  

procedures whi le a 1 lowing the f lexibi li ty to perform 

electron ionization without a large loss in sensitivity. The 

ion source is the actual enclosed compartment where 

ionization occurs. The column is a fused silica capillary 
- 

column measuring 15 m X 0.25 ma I.D. with a polymer 

s tationary phase of polyvinyl- pheny lnethy lsi loxane (SE-54) 
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with a fil m  thickness of 0.25 DR. It was purchased from J & 

W Scientific, Inc. (Rancho Cordova, CA. 95670). 





CHAPTER I V  

EXPERIXENTAL 

The drugs were ured in their hydrochloride salt 

forms and were dirrolved in methanol to obtain stock 

rtandards of a concentration of 1 ug/uL for both 

anitriptyline (AUI) and nortriptyline (NOR) and 0.5 ug/uL 

for protriptyline (PRO). Thir was done so that approximately 

1 ug of aanplr could be injected onto the colunn in a rrall 

oolven t volume without over loading the column. The Finnigan 

Hodel 10208 GC/HS war zeroed and calibrated daily according 

to the manufacturer's specifications. A nanual tune was also 

carried out daily in order to adjumt the instrument to 

obtain optimum resolution and intensity of the ions of 

interest in the range of 40-350 atomic maes units (amu). An- 

exanp le of the Finnigan conpu ter syr ten's typica 1 

calibration report and the nanual tune settings are seen in 

Figures 3 and 4, respectively. 
- - 

The standards and dilutions of the standards were 

ured to run analyrer in the electron ionization and chemical 

ionization modes to obtain reconstructed ion chromatogram 

and mass spectra of each drug standard. The mass spectrum of 

each drug was confirmed by comparing it to the electron 

ionization work by T. Mi 1 lo a =l- (29) 





CALIBRATION REPORT: 

18 = LOWEST PEAK IN REFERENCE TABLE FOUND 

614 = HIGHEST PEAK IN REFERENCE TABLE FOUND 

21 OF 21 REFERENCE PEAKS WERE FOUND 

1% OF PEAK WIDTH = RUS FIT ERROR 
( RUS FIT ERROR (10% ACCEPTABLE) 

Figure 3. An example of a calibration report 

ELECTRON HULTIPLIER SWITCH 

ELECTRON UULTIPLIER VOLTAGE 

HIGH RESOLUTION 

LOW RESOLUTION 

ION ENERGY 

FILAMENT SWITCH 

ION PROGRAM 

LENS VOLTAGE 

EXTRACTOR 

ELECTROHETER RANGE 

ELECTROHETER ZERO 

Figure 4. Example of the typical manual tune 
oettings 

There mass rpectra are seen below in Figures 5-7. A 

rixture of the three drug etandards was then run in order to 
- 

assure that separation was poooible wth the SE-54 capillary 

co lunn. These standards were ana lyzed w i n g  tho ieo thorma 1 
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and programmed temperature node8 to determine t h e  optimum 

ana l y s i r  c o n d i t i o n s .  Later many of t h e  parameters ( thooe  

denoted by an r i n  F igure  8 )  were a l t e r e d  i n  order  to 

determine t h e i r  effect8 on t h e  r e p a r a t i o n  and quant i  t a t i o n  

of AHI, NOR, and PRO. 

Figure  5. Reference E I  Mass Spectrum o f  A w i t r i p t y l i n e  from 
the  work by T. H i l l s  111. - 





Figure 6. Reference EX Mass Spectrum of Mortriptyline from 
the work by T. Mills 111. 





Figure 7. Reference EI Mass Spectrum of Protriptyline from - 
the work by T. Mills 111. 





250 deg. = I n j e c t o r  Temp. * 

150 deg, = I n i t i a l  Temp. * 

220 deg. = F i n a l  Temp. * 

1 min. = I n i t i a l  Time * 

5.0 D / H  = Ramp Rate  <deg/min) o p t i o n a l  * 

10 nin .  = F i n a l  Time * 

250 deg. = Sepa ra to r  Temp. 

80 deg. = MS Manifold Temp. 

INJECTION MODE: CAPILLARY 

60 sec. = Spl i t /Sweep Valve Time 

90 sec. = F i l a n e n t / H u l t i p l i ~ r  O f f  Time 

SCAN FROU 40 AMU TO 350 AUU I N  1.0 sec. * 

'The s e p a r a t o r  ir t h e  a r e a  where the GC connec t s  
wi th  t h e  HS. A temperature  h ighe r  than t h e  f i n a l  tamp. 
is needed t o  prevent  condensat ion.  
-The manifold is t h e  s t r u c t u r e  which houses t h e  i o n  - 

aource,  quadrupo l o  ana l y z e r  , and i o n  d e t e c t o r .  

F igu re  8. An example of t h e  t y p i c a l  GC/MS c o n d i t i o n s  
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CHAPTER V 

RESULTS AND DISCUSSION 

Electron Ionization 

The problem presented here ir the separation of 

three tricyclic an tidepressan ts, very simi lar in both 

structure and molecular weight. Uany procedures involve 

derivatization techniques to increase resolving power and 

8ensi tivi ty ( 30-31 ) but these prob lens shou ld be e limi nated 

by using capillary GC/US. So, as in the work of Chinn 

a (32) and Vinet (33) underivatized TCA's were used. 

First the etandards were analyzed in a programmed 

temperature node as seen in Figure 8. The data from these - 

individual runs can be seen in Table 3. Thia phase of the 

analysis resulted in small but rather wide peaks in the - 

reconstructed ion chromatograms (RIC) of all the drugs. The 

computer enhancement showed well-defined peaks with a slight 

amount of tai ling resu 1 ting in exce 1 lent eenoi tivi ty -for AUI 

and NOR and slightly decreased sensitivity for PRO. The 

eensitivity was determined by comparing peak height to 

baseline and background noise. The mare rpectra for AUI, NOR 

and PRO can be seen in Figures 9-11 and all of these spectra 

correspond to the results seen by T. Uf 11s I11 a 
(30). 
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TABLE 3 

DATA FOR EI OF INDIVIDUAL DRUG STANDARDS 

DRUGS Re ten t i on  t i n e  I n  t e n r i  tya S e n s i t i v i t y  
t n i n t r e c )  ( u n i t s )  (ng)  

NOR 21 35 19680 30 

PRO 21 45 72OOb 50 

a I n t e n r i  t y  is measured by a r b i t r a r y  u n i  ts t o  
compare t h e  anounto  of  i ono  r e a c h i n g  t h e  HS d e t e c t o r .  

PRO's i n t a n r i t y  v a l u e  w a s  doubled f o r  
comparison purposes  because  i t a  c o n c e n t r a t i o n  w a s  h a l f  of  
A M I ' s  and NOR'e .  

F i g u r e s  9-11 a l s o  show how t h e r e  f r agmen ta t i on  p a t t e r n s  i n  

t h e  mars s p e c t r a  occur  a s  a r e s u l t  of e l e c t r o n  i o n i z a t i o n .  

Note t h a t  t h e  molecu la r  i o n  ha8 a ve ry  low abundance i n  e a c h  

case. I t  rhou ld  a l s o  be no ted  t h a t  some of t h e  pr imary i o n  
- 

f ragment8  are f u r t h e r  f ragmented and are n o t  r e a n  i n  t h e  

mars r p e c t r a .  



waat  a t c  ;+i. T. 



Figure 9. €1 U a ~ e  Spectrum and Molecular 
Fragmentation of AUI . 





Figure 10. EI Harr Spectrum and Holecular 
Fragmentation of NOR. 





Figure 11. EI Mass Spectrum and Nolecular 
Fragnentation of PRO. 





meaica 1  I o n i z a  t i o c  

I n  a n  a t t e m p t  to  improve t h e  r e n s i  t i v i  t y  of t h e  

i n d i v i d u a l  d r u g 8 , t h e y  w e r e  a n a l y z e d  by c h e m i c a l  i o n i z a t i o n  

(CI) u t i l i z i n g  methane as t h e  r e a g e n t  gas as waa done by 

J e n k i n s  and  F r i e d e l  (341, T o  d e t e r m i n e  t h e  methane p r e s s u r e  

t o  b e  w e d ,  mass s p e c t r a  were o b t a i n e d  for  t h e  methane 

a l o n e .  T h i s  waa done by v a r y i n g  t h e  methane p r e s s u r e  by 0.1 

torr  i n c r e m e n t s  from 0.0 torr  to 1.0 tor r  ( i n s t r u m e n t  

m a n u f a c t u r e r ' e  recommended r e a g e n t  gar r a n g e ) ,  and t h e  

r e s u l t s  c a n  b e  s e e n  i n  F i g u r e  12. I t  w a s  by t h i e  means t h a t  

R I C  
@2/7.6@S 141441W 
S ( I R E 8  

F i g u r e  12. The t o t a l  i o n  i n t e n s i t y  of methane ( t h e  
- 

r e a g e n t  gar) .  The p r e s s u r e  i n  t o r r  i e  i n d i c a t e d  a t  each  
l a v e  1. 





i t  w a r  de termined t h a t  t h e  maximum c o n c e n t r a t i o n  o f  t h e  

r e a c t i v e  CHI+ i o n s  o c c u r s  a t  0.4 torr and, t h e r e f o r e ,  

t h i s  ir t h e  optimum methane o p e r a t i n g  p r e r r u r e .  The 

fo l l owing  changer  i n  t h e  GC parameter. w e r e  made i n  o r d e r  to 

g e t  t h e  d e s i r e d  r e n u i t i v i t y  and peak aharpnese .  

1. INITIAL TEMP. = 150 deg. 

2. RAMP RATE P 10.0 dag/min. 

3. SPLITlSWEEP VALVE = 60 rec. 

4. FIL. /HULT. OFF TIME = 90 rec. 

5.  SCAN FROM 150 TO 350 AUU I N  1.0 sec. 

The s p l i t / r w e e p  v a l v e  t i n e  i r  t h e  amount of t i m e  t h a t  t h e  

v a l v e  is i n i t i a l l y  c l o r e d  to a l l ow  a l l  of t h e  rampla t o  g e t  

o n t o  t h e  column. The r e r u l t r  are no ted  below i n  Tab le  4 and 

ar  can  be  s e e n  t h e r e  w a r  a v a s t  improvement i n  t h e  r e l a t i v e  

i n t e n u i  tier and s e n r i  t i v i  t y  o f  a1 1  t h r e e  d rug r .  The 

TABLE 4 

DATA FOR CI OF I N D I V I D U A L  DRUG STANDARDS 

DRUGS Re t en t i on  t i m e  I n  t e n r i  t y  Senui  t i v i  t y  
t r r i n t s ec )  ( u n i t r )  ( n g )  - - 

AM1 5: 44 14944 10 

NOR 5:  53 11264 20 

PRO 6:  19 16480 30 
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i n t e n s i t i e s  f o r  NOR and PRO, because  of t h e  b roadness  of  

t h e i r  peaks ,  reflect t h e  areas under  t h e  peaks. I t  must be 

remembered t h a t  t h e  i n t e n s i t y  r e f e r r e d  t o  h e r e  i m  a r e l a t i v e  

t e r m  and w i l l  va ry  depending on t h e  manual t une  s e t t i n g s  and 

o t h e r  i n r t r u m e n t  c o n d i t i o n s .  The chemical  i o n i z a t o n  maes 

mpectra o f  A M I ,  NOR and PRO are s e e n  below i n  F igu ree  13-15. 

I t  shou ld  be  no ted  t h a t  t h e  r a t i o  of MH+ t o  M+ is 

approximate ly  10 to 1. T h i s  agrees wi th  s t a t e m e n t s  made by 

t h e  n a n u f a c t u r e r  on CI r e s u l t s .  The < n  + CoHm)+ i o n 8  

and <H + C-Hm)+ i o n s  are s e e n  i n  t h e  mass s p e c t r a ,  b u t  

(H + CHI)+ i o n s  are n o t  d e t e c t e d  by t h i s  H S  technique.  

T h i s  is because  n e a r l y  a l l  of t h e  CHI+ t h a t  reacts wi th  

H forms MH+ and CHI as  i n  r e a c t i o n  5. I t  is t h i s  HH+ 

i o n  t h a t  r e m u l t r  i n  t h e  bare peak i n  each  of t h e  cases. A t  

t h i s  methane premrure mone f r agmen ta t i on  of t h e  d rug  

molecule occure .  T h i s  r e s u l t s  i n  t h e  d e t e c t i o n  of many 

c h a r a c t e r i s t i c  mass peaks  t h a t  can  be umed to conf i rm t h e  - 

i d e n t i f i c a t i o n  of t h e  ana lyzed  drugs .  So under  t h e e e  

c o n d i t i o n s ,  t h e r e  are t h r e e  criteria f o r  i d e n t i f y i n g  a 

ru spec t ed  d rug  (1) r e t e n t i o n  t i n e ,  (2 )  t h e  r o l e c u l a r  weight  
- - 

of t h e  compound a m  o b t a i n e d  from t h e  mass o f  t h e  MH+ i on ,  

and (3) t h e  no l ecu  lar fragmen ta t i o n  p a t t e r n .  

A s t a n d a r d  d rug  mix ture  of A H I ,  NOR and PRO, each  

w i th  a c o n c e n t r a t i o n  o f  250 ng/uL, w a s  ana lyzed  u s i n g  t h e  

same GC parameters am noted  above. S i n c e  t h e  s p l i t / e w e e p  - 

v a l v e  off-time i e  60 sec t h e  i n j e c t i o n  is s p l i t l e r s  and t h e  

v a s t  m a j o r i t y  of t h e  rample r e a c h e s  t h e  column. 





Figure 13. Chemical Ionization Hass Spectrum of AMI. 





Figure 14. Chemical I o n i z a t i o n  Has8 Spectrum of NOR. 





W 9. 

m u  a- mp: 

Figure 15. Chemical Ionization Mass Spectrum of PRO. 





The R I C  f o r  one  o f  t h e  sampl ings  is s e e n  i n  F i g u r e  16, and 

i t  shows e x c e l  l e n t  r e s o l u t i o n ,  i n t e n d  t y ,  and s e n d  t i v i  t y .  

The s t a t i s t i ca l  i n fo rma t ion  f o r  t h i s  a n a l y s i s  is s e e n  i n  

Table  5.  I t  shou ld  a l s o  be no t ed  t h a t  t h e  i n t e n s i t i e r  i n  

TABLE 5 

Data f o r  Chemical I o n i z a t i o n  of Drug H i x t u r e  

Drug RT I n t e n s i  ty<Ht/A) Rerponse Fac to r*  

NOR 71 13 23872/151524 1.00 

PRO 7836 18784/ 57925 2.60 

The peak a r o a  i n t e n s i t y  v a l u e  w a 8  u r ad  t o  
ca l c u  la t a d  t h o  reaponam f a c t o r  

Tab l e  5 are exp re s sed  i n  terms of peak h e i g h t  ( H t )  and peak 

area ( A ) .  The r e r p o n s a  f a c t o r s  ( R f )  s e e n  i n  Table 5 are 
- 

used i n  t h e  q u a n t i t a t i o n  o f  t h e  d r u g s  i n  an  a c t u a l  a n a l y s i s .  

The r e sponse  f a c t o r  v a l u e  is d e t e r n i n e d  by comparing t h e  

i n s t rumen t  's a b i  l i  t y  t o  detect v a r i o u s  s u b s  t a n c e r  of equa 1  

o r  known c o n c e n t r a t i o n s  <as i n  t h i s  r t u d y ) .  The r eeponse  

f a c t o r  is c a l c u l a t e d  from t h e  i n t e n s i t y  r e a d i n g s  of t h e  

v a r i o u s  d r u g s  compared t o  a r e f e r e n c e .  I n  t h i s  s t u d y ,  I used 

NOR as t h e  d rug  of r e f e r e n c e  to c a l c u l a t e  the r e sponse  

f a c t o r s .  





Figure  16. The R I C  of 250 ng of each  of t h e  t h r e e  
drug s tandards  ana lyzed  i n  the programmed temperature mode.-  





NOR I/ A ~ I  I = A ~ I  ~f (7) 

151S24/ 176496 = 0.89 (8) 

A response factor would have to be calculated for all 

rubstances to be analyzed. The concentration of unknown 

drugs would be deternined using the following equation 

( I u ~ M  X Rf X Conc.Ir+~ ) /  1-ta Conc.unk (9) 

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 

S. Because of the broadness of the peaks and the large 

difference in peak height and peak area, I felt a nore 

accurate response factor would be obtained by using peak 

area rather than peak height. 

Jaotherna 1 Conditions 

If a procedure is to find clinical application, it 

should be ar simple end easy to perform as possible. The - 

programmed temperature mode is vary useful in analyzing 

complex mixtures and resulted in more than adequate 

separation of -the drugs. But in clinical laboratorieg, a 

majority of their work involves therapeutic drug monitoring. 

In this case, we are not working with a complex mixture. 

Therefore, I have explored the possibilities of an 

isotherma 1 procedure. The ieo therma 1 procedures are simpler 

and faster since the column does not need to reequilibrate - 

i te temperature (cool down to the initial temperature) 





b e f o r e  t h e  n e x t  a n a l y s i s .  During t h i s  p o r t i o n  of t h e  s t u d y  

o n l y  t h e  i n i t i a l  and f i n a l  t empera tu re  s e t t i n g .  w e r e  v a r i e d  

b u t  k e p t  e q u a l  t o  each  o t h e r .  The eane  s t a n d a r d  d rug  mix ture  

w a r  r un  through a series of C I  a n a l y e e s  t o  f i n d  t h e  optimum 

i so the rma l  o p e r a t i n g  temperature .  The RIC and t h e  optimum 

tempera tu re  and o t h e r  GC c o n d i t i o n s  are s e e n  i n  F i g u r e s  17 

and 18, r e s p e c t i v e l y .  The RIC shows good r e s o l u t i o n  and 

s e n s i t i v i t y  for t h e  r e l a t i v e l y  s h o r t  r e t e n t i o n  t i m e s  i n  

comparison to t h e  programmed mode. A l l  t h r e e  d r u g s  w a r e  

i n j e c t e d  o n t o  a 200°C column and due t o  rimilarit iea i n  

molecu la r  weight  and r t r u c t u r e  t h e  r e r u l  t is t h r e e  r a t h e r  

uniform peaks. Th i e  caused a r u b r t a n t i a l  change i n  t h e  

r e sponse  factors compared t o  earlier programmed tempera tu re  

data. A t a b u l a r  l i s t i n g  of t h e  r e s u l t s  of t h i s  i so the rma l  

a n a l y s i s  is s e e n  i n  Tab le  6.  The r e r p o n s e  f a c t o r s  i n  t h i e  - 

care were c a l c u l a t e d  u s i n g  t h e  peak h e i g h t  becauae of a 

d i f f i c u l t y  i n  de te rmin ing  peak area due  t o  peak o v e r l a p ,  - 

a l t hough  a l l  peaks  d i d  appea r  uniform. 





Figure 17. The RIC for the isothermal CI of the drug 
mixture analyzed at 200°C.  





GC PARAMETERS: 

250 deg. = I n j e c t o r  Temp. 

200 deg. = I n i t i a l  Tenp. 

200 deg. = F i n a l  Tenp. 

1 min. = I n i t i a l  Time 

0.0 D/H = Ramp Rate (deg/min) 

10 n in .  = F i n a l  t i n e  

250 deg. = S e p a r a t o r  Tenp. 

80 deg,  = Hani fo ld  Temp. 

INJECTOR MODE: CAPILARY 

60 sec. = Spl i t /Sweep  Valve Closed T ine  

90 rec. = F i  l amen t /Mul t i p l i e r  O f f  Time 

SCAN FROU 150 A n u  TO 350 AWU I N 0.5 sec. 

UETHANE PRESSURE: 0.40 t o r r  (used  i n  C I )  

F i g u r e  10. Typ ica l  computer p r i n t o u t  of GC 
c o n d i t i o n s  f o r  i s o t h e r n a  1 a n a l y s i s .  

TABLE 6 

Data f o r  200mC I o o t h e r n a l  A n a l y s i s  o f  t h e  Drug Hix tu rea  
- - 

Drug RT I n  t e n s 1  t y  RF 

NOR 4: 4 3  870 1.00 

PRO 5:  23 631 1.38 

aThe GC/MS cond i  t i o n e  f o r  itsotherma 1 ana  l y r i s  are 
eean  i n  f i g u r e  18. 
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GC/?lS V a r i a b  le P a r a n e  t e r ~  

Many r e s e a r c h e r s  i n  r e p o r t i n g  c l i n i c a l  p rocedureo  

mere ly  state t h e  c o n d i  t i o n a  a t  which t h e  a n a l y s i s  is 

performed.  A t  t h i s  tire I w i l l  show t h e  effect of v a r y i n g  

many of t h e  GC/llS p a r a a e t e r s .  T h i s  is done i n  order to  g i v e  

a better u n d e r s t a n d i n g  of t h e  o v e r a l l  GC/HS o p e r a t i o n .  T h i s  

w i l l  show t h a t  a d j u s t i n g  many of t h e  v a r i a b l e s  w i l l  r e s u l t  

i n  a c o n s i d e r a b l e  change i n  t h e  RIC. The first v a r i a b l e  to 

be c o n s i d e r e d  is t h e  column tempera tu re .  I t  c a n  be v a r i e d  

from 25-C t o  300°C. The compronire  is between t h e  

a n a l y s i s  t i n e ,  i n t e n s i t y ,  and r e s o l u t i o n .  A s  t e m p e r a t u r e  is 

i n c r e a s e d  t h e  a n a  l y s i a  t i n e  and t h e  r a s o l u  t i o n  w i  11 

decrease. The s e n s i t i v i t y  w i  11 i n c r e a s e  w i t h  tempera t u r e  and 

w i l l  p l a t e a u  a t  t h e  optimum tempera tu re .  A s  t h i s  t e m p e r a t u r e  

is exceeded,  sensitivity and  r e s o l u t i o n  w i l l  decrease as  

p e a k s  b e g i n  to o v e r l a p .  T a b l e  7 shows t h e  r e t e n t i o n  t ire 
- 

( R T )  and t h e  i n  t e n s i  t y  ( I )  fo r  t h e  t h r e e  d r u g  r t a n d a r d s  a t  

column t e m p e r a t u r e s  f r o n  190mC to 220°C w h i l e  a l l  o t h e r  

paramtars were h e l d  c o n s t a n t .  Table 8 shows t h e  r e l a t i v e  

r e t e n t i o n  t i m e  ( R R T )  and t h e  i n t e n s i t y  (1) of t h e  t h r e e  

r t a n d a r d r  a t  v a r y i n g  column tempera tu res .  T h i s  w a s  

a c c o a p l i s h e d  by u r i n g  t h e  i n f o r m a t i o n  from T a b l e  7 .  The RRT 

ir a means of s t a n d a r d i z i n g  r e t e n t i o n  t i n e s  from numerous 

chronatograms.  The RRT is de te rmined  by e s t a b l i s h i n g  o n e  of 

t h e  d r u g s  ar  t h e  s t a n d a r d  or  r e f e r e n c e  d r u g  and its RRT is 

1.00. A l l  of t h e  o t h e r  d r u g s  RRT are de te rmined  by 





TABLE 7 

The R e t e n t i o n  Timer (RT) and I n t e n r i t i e r  ( I )  of t h e  Drug 
S t a n d a r d s  a t  V a r i o u s  Iuo the rmal  Tempera ture8  

COLUMN TEMP. A?lItRT/I) NOR(RT/I) PRO(RT/I) 

TABLE 8 

The R e l a t i v e  R e t e n t i o n  Timer (RRT) and In tenmi  ties 4 I )  of 
t h e  Drug S t a n d a r d r  a t  V a r i o u s  I s o t h e r m a l  Tempera tures  

COLUMN TEHP. AHI(RRT/I) NOR(RRTI1) PRO(RRT/I) 

e s t a b l i s h i n g  a r a t i o  between then  and t h e  r e f e r e n c e  drug.  

Ana ly res  a t  t e m p e r a t u r e s  less t h a n  190°C r e e u l t e d  i n  

e x t r e m e l y  long RT and d e c r e a s e d  i n t e n s i t y  and e e n s i t i v t y  due  

to peak broadening.  Ana lyses  a t  t e m p e r a t u r e s  greater than  
- 

220°C r e s u l t e d  i n  a comple te  loss of r e s o l u t i o n  because  

a l l  t h r e e  d r u g 8  a p p e a r  as one  l a r g e  peak w i t h  a n  e x t r e n e l y  





s h o r t  r e t e n t i o n  t i m e .  The d r u g s  c o u l d  b e  d i s t i n g u i s h e d  on ly  

through conpu t e r  enhancement by s cann ing  f o r  i n d i v i d u a l  

c h a r a c t e r i e t i c  masses. 

Th ia  mane effect ir  s e e n  i n  t h e  programmed 

tempera tu re  ana  l y s e s  when t h e  c o  lumn t empe ra tu r e s  ( i n i  t i a  1 

and f i n a l )  and t h e  ramp ra te  are v a r i e d .  I t  t h e r e f o r e  

a p p e a r s  t h a t  t h e  deg ree  of s e n r i  t i v i  t y  and t h e  r e s o l u t i o n  

a t t a i n e d  is d i r e c t l y  related t o  t h e  r e t e n t i o n  t i m e  which is 

c o n t r o l  led by t h e  column temperature .  Table  9 showe a 

comparison o f  t h e  r e t e n t i o n  timer (RT) and t h e  i n t e n s i t i e s  

(1) of t h e  d rug  r tandardm t o  t h e  o p e r a t i n g  ramp rate i n  

d e g r e e s  p e r  minute  ( D / l ¶ ) .  

- 

TABLE 9 

The R e t e n t i o n  t i n e s  and I n t e n s i t i e s  o f  t h e  Drug S t a n d a r d s  a t  
Var iour  Ramp Ratesa  

a A l l  a n a l y s e s  were performed acco rd ing  to t h e  
c o n d i t i o n s  s e e n  i n  F i g u r e  8, e x c e p t  f o r  ramp rate. 

NOR and PRO appear  as one  peak a t  St02 





The next parameter requiring investigation was the 

helium head pressure. Thir pressure can typically vary from 

S to 30 pri (pounds per square inch). The more common 

terminology for carrier gas (heliun) neasurements is flow 

rate. Thie was mearured at preeeures of S and 10 psi and 

rerulted in helium flow rates of 1.0 and 2.0 nL/min. Table 

10 shows the effect of helium pressure on the drug'e 

re ten tion tine whi le a1 1 other parameters remain conrtant. 

The RICs of this serier of analyrer showed again that there 

is a direct correlation between intensity and retention 

tine. The lower pressures resulted in long retention times 

and poor intensity due to very broad peaks that at times 

were nearly lost in the background noise, whereas the higher 

preesures reru 1 ted in rhorter reten tion tines, greater 

intensities and excellent sensitivity. It must be 

TABLE 10 

The Retention Time. of Drug Standards at Variour Helium 
Presrurea (psi)a 

- - 
HELIUH -PRESSURE RETENTION TIME 

(psi (mint sac) 
AM1 NOR PRO 

aAll analyrar were at S deg/min ramp rate. 
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remembered t h a t  va ry ing  t h i s  and o t h e r  pa r ame te r s  t h a t  

affect r e t e n t i o n  t i m e s  nay r e a u l t  i n  l o s s  of r e s o l u t i o n  due  

t o  o v e r l a p p i n g  of R I C  peaks.  

A s  noted  earlier t h e  H S  h a s  t h e  abi l i  t y  t o  s c a n  f o r  

i o n s  w i th  a aa s r- to- cha rge  r a t i o  from 1 t o  800. I n  t h i s  

s t u d y  s cann ing  w a r  t y p i c a l l y  from 150 t o  350 amu i n  0.5 t o  

1.0 sac. The F inn igan  node l  1020B can  a l s o  s c a n  for  a number 

of s e l e c t e d  i o n  n a s r e e  i n  a t i n e  frame of 0.030 t o  1.000 eec 

f o r  e ach  mass or mase r a n g e  w h i l e  t h e  t o t a l  s c a n  nay t a k e  

0.50 to 4.00 rec. The i n s t rumen t  w i l l  t hen  reset iteelf and 

beg in  s cann ing  aga in .  T h i s  concep t  is termed s e l e c t e d  i o n  

non i  t o r i n g  (SI?l). The advan tage  o f  t h i s  is two- fold;  t h e  

background is dec rea sed  because  fewer masses are be ing  

rcanned s o  fewer i n t e r f e r i n g  i o n s  are d e t e c t e d ,  and t h e  

selected aaeses are scanned f o r  a longer  p e r i o d  o f  t i n e  than  

i n  p r e v i o u e l y  no t ed  r a n g e r  r e s u l t i n g  i n  more i o n s  o f  a 
- 

s p e c i f i c  mars d e t e c t e d  and h i g h e r  i n t e n s i t y  r e ad ings .  Theas 

advan tages  r e a u l t  i n  a n  o v e r a l l  i n c r e a s e  i n  d e t e c t i o n  

r e n s i  t i v i  ty.  

The e f f e c t i v e  u s e  of C I  and SIM are dspendenfrupon 

t h e  a b i l i t y  o f  t h e  r e a g e n t  ga8 t o  react w i t h  t h e  p a r e n t  

molecu les  t o  be s t u d i e d .  T h i s  a b i l i t y  is reflected i n  t h e  

conve r s ion  rate o f  M t  t o  HH+ and t h e  e f f e c t i v e n e s s  is 

measured by t h e  HHt t o  H t  ra t io.  A s  no t ed  earlier i n  
- 

Chapte r  V, methane is t h e  r e a g e n t  gar i n  t h i s  s t u d y  and its 

optimum p r e s s u r e  w a s  de te rmined  through independen t  methane 
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s t u d i e s .  The expe r imen t a l  proof o f  t h a t  optimum p r e s s u r e  w a r  

demonr t ra ted  through a series of a n a l y s e s  o f  t h e  d r u g  

s t a n d a r d s  a t  v a r i o u s  methane p r e s s u r e s .  T h i s  w a s  

e x p e r i m e n t a l l y  demons t ra ted  through a n a l y s e s  o f  AUI i n  which 

t h e  methane p r e s a u r e  w a s  v a r i e d  a t  0.1 t o r r  i nc r emen t s  wh i l e  

moni to r ing  t h e  re la t i v e  pe r cen t age  of MH+ formed compared 

to t h e  to ta l  amount o f  i o n s  d e t e c t e d .  Tab le  11 shows t h e  

r e s u l t s  o f  t h i s  series of a n a l y s e s .  

TABLE 11 

Comparison o f  Methane p r e s s u r e s  and t h e  R e l a t i v e  amount 
of t h e  UH+ formed d u r i n g  AM1 a n a l y s e s  

Methane P r e s s u r e  ( t o r r )  R e l .  % o f  HH+ 

T h i s  p r e s s u r e  ir  measured i n  t h a  i o n  s o u r c e  o f  t h e  MS and i t  - - 
v a r i e s  depending on t h e  t ype  of r o l v e n t  and t h e  sample  size, 

b u t  mainly on t h e  f l o w  ra te  of r e a g e n t  g a s  e n t e r i n g  t h e  i o n  

sou rce .  





Clinical Com~srison of Study 

In thie study it waa determined that sensitivity of 

the developed procedures ranged from 10 to 30 ng. It must be 

remembered that this is the actual amount of the drug 

injected onto the column. In many of the clinical procedures 

the following steps are followed 

1. 1-3 mL of serum from patient ie required. 

2. 100-200 ng of internal standard is added. 

3. A basic buffer ie 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 

residue. 

8. 1-3 NL concentrated drug in hexane solution ie 

injected. 
- 

The critical steps in concentrating the drug samples are 

stepe 6 and 7. The above noted method is similar to the 

procedure developed by Rovei g& a (30). Thus, the rerum 
- - 

AUI concentration of 100 ng/aL would result in the injection 

of 30-40 ng of AUI being injected into the column. This is 

we1 1 within the sensitivity range of the above daveloped 

GC/HS procedure. The mathematical explanation of this is as 

follows: 





Equation 10 shows that 2 mL of serum from this patient would 

contain 200 ng of Anf. The drug is completely extracted into 

an organic solvent and then thie solvent is evaporated at 

60°C under a stream of nitrogen gas. According to this 

procedure the residua ir reconstituted with 20 uL of hexane. 

Therefore, as shown by equation 11 the 200 ng of AH1 is now 

found in 20 uL or 10 ng/uL of hexane. Then 3-4 uL of this 

mixture or 30-40 ng of An1 is injected into the GC. 

Some of the newer procedures such as that developed 

by Chinn a a (32) have eliminated the drying and 
concentrating steps. In this procedure the drug ie extracted 

into 200 nL of a toluens/hexane/alcohol mixture and then 6 - 

JJL is injected onto column. According to this extraction 

procedure a rerun An1 concentration of 120-250 ng/nL would - 

result in the injection of 7.2 to 15.0 ng of AH1 onto the 

co lurn. 





CHAPTER VI 

CONCLUSION 

As noted earlier, there have been numerous 

procedures developed for the separation, identification and 

quantitation of numerous tricyclic antidepresrants including 

ami triptyline, nortriptyline and protriptylina. These 

procedures have included spectrometric methods, 

radioimnunoaeaays, thin-layer chromatography, 

enzyme-labelled immunoarsays, and most recently high 

prersure liquid chromatography (HPLC) and gas chromatography 

(GC).  The latter nethod, GC, has become the most widely 

accepted methods for drug studies. Through the years many 

types of detectors have been used with gar chromatographs 

much a8 ultraviolet detectors, nitrogen-phosphorous 
- 

renri tive detectors and mare spectrometers. It ir the 

combination of gas chromatograph/ mass spectrometer (6C/?SS) 

that has resulted in a highly senritive and highly specific 

inatrurent capable of detecting and identifying picogram 

quantities of drugs. 

In spite of all the research accomplished, there was 

a limited amount of work done ueing fumed eilica capillary 

columns combined with GC/?SS. This was especially true for 

capi 1 l8ry columns with the SE-54 stationary phase, since no 

research work was found that used thi6 particular stationary 
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phase with GC/HS. There is also a very small amount of work 

involved with studying the capabi li tier and the limitations 

of capillary GC/nS. In thio study, procedures and GC/HS 

parameters for both programmed or ramping temperature and 

isothermal nodes were investigated. The programmed 

temperature procedure cou ld rupp ly exce 1 lent separation of a 

complex drug mixture and could be very useful in identifying 

an unknown drug. The isothermal procedure would provide nore 

than adequate separation and more reliable response factors 

for the quanti tation of drugs as in the case of therapeutic 

drug monitoring. In this case the use of electron ionization 

appeared less effective due to a lower sensitivity and 

specificity, whereas chenical ionization utilizing methane 

as the reagent gas resulted in rignificant increases in 

sensitivity and specificity. The specificity increased 

because the molecular weight of the parent molecule can 

easily be determined and the presence of additional - 

fragmentation resulted in identifying many characteristic 

mass peaks. 

It was the purpose of this study not only to develop - - 
a procedure of optirun conditions but also to report the 

effect of varying the conditions. The following is a list of 

the optimum GC/MS conditions for the programmed temperature 

node and the isothermal rode. The isothermal mode conditions 

are in parentheses if they are different than the programmed - 

mode. 



GC PARAMETERS: 

250 deg. = Injector Temp. 

150 deg. = Initial Temp. (200 deg.) 

220 deg. = Final Temp. (200 deg. ) 

1 min. = Initial Time 

10.0 D/M = Ramp Rate deg/min (0.0 D/M) 

10 min. = Final tine 

260 deg. a Separator Temp. 

80 dog. = Hanifold Temp. 

INJECTOR MODE: CAPILLARY 

60 rec. = Split/Sueep Valve Closed Time 

90 rec. Filament/Multiplier Off Time 

SCAN FROM 150 AHU TO 350 AMU IN 0.5 rec. 

METHANE PRESSURE: 0.40 torr (ured in CI) 

HELIUM PRESSURE: 20 pri 

Figure 19. The typical computer printout of the 
optimum GC/HS progranmed temperature mode conditions. The 
op tinum irothermal conditions, if different, are noted 
parenthetically. 

- - 
In invertigating many of the adjustable parameters the key 

factor in reparating a drug mixture appear8 to be the 

retention time. Thir ir affected by revera1 variable8 such 

a8 column temperature (isothermal or programmed roder), 

carrier gas flow rate and column diameter and length. It - 

must be remembered that an adjustment of any parameter may 



result in a compromise in resolution, retention time, 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 column. The SE-54 

coating used in this study is slightly polar and nay tend 40 

caure the tailing and broadened peaks evident in rona of the 

RICs, whereas a less polar column coating, such as SE-30 or 

OV-101 that contain polydima thy lsi loxane po lymrrr, may be 

more effective due to the slightly polar characteristics of 

these drugs. There are also sona columns available with 

slightly larger inside diameters or film thickness. These 

various column characteristice may result in sharper peaks 

without the tai ling but some of the resolving power of the 

SE-54 coating would be lost. 

Another factor that could be investigated is the 

reagent gas. Methane was used in this study, but as - 

suggested by Chinn (321, by using a 

methane-ammonia mixture as the reagent gas a larger 

percentage of the MH* ions were produced. This is because - - 

a more stable MH+ ion is formed, less fragmentation of the 

parent molecule occure, and fewer secondary reactions occur. 

Thie could result in better rensitivity when analyses are 

performed by chemical-ionization selected-ion monitoring. 
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