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ABSTRACT

The Use of Fused Silica Capillary Gas Chronat ogr aphy
for the Anal ysis of
Acidic-Neutral Drugs in Hunman Serum
M chael J. Dunphy
Mast er of Science

Youngst own State University, 1983

Arapid and practical nethod for the quantitative anal ysis
of commonly encountered aci di c-neutral drugs in human serumis des-
cribed. The procedure invol ves the extracti on of these conpounds
froma serummatrix into an organi c solvent followed by separation
and identification using fused silica capillary gas-liquid chrom
at ography and a nitrogen- phosphorus thernionic detector. Confirm
ation of peak assignnents is acconplished by enzyne i munoassay and
thin layer chronatography. The dried concentrated serumextract is
i ntroduced onto the colum by split injection, and quantitation of
drug conponents is perforned by using peak height rati os neasured
with respect to an internal standard, p-methyl phenobarbital.

The coefficient of variation for nmost drugs is under ten percent
both wi thin-day and between-days. Fifteen drugs includi ng con;rbn
benzodi azepi nes, barbiturates, and anticonvul sants are eluted and
wel | separated within fifteen mnutes. The use of a fused silica
capil lary col utm as the separation medi umaffords the toxicol ogi st
hi gh resol ution, high sensitivity, short analysis time, and the use

of small sanpl e vol umes whil e nai ntaining cost effectiveness.
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CHAPTER |

I nt roducti on

The capacity to isolate and identify pharmacol ogical |y active
agents in human biol ogi cal fluids has attai ned great inportance during
the past decade. This is due in part to both the grow ng nunber of
conpounds routinely used as prescription and over-the-counter medica-
tions and to the frequent m suse of these drugs either in accidental
overdose or in drug abuse situations. Goncurrent with the expanding
nunber of avail abl e drugs has been the devel opment of sophi sti cated
anal ytical techniques within the field of toxicology which has invol ved
primarily the refinement of existing chromatographic methods al ong with
the introduction of enzyne i mmunoassay. The trenendous growth in
technol ogy coupled with the proper training of skilled personnel in
phar nmacol ogy, pharmacoki netics, and | aboratory met hods has created
a new dinmension in patient care which physicians utilize regularly.
In the modern clinical setting, a clinician can obtain reliable drug
anal ysis data for a patient usually within a few hours. These data,
in conjunction-w th proper pharnacokinetic data, are used to adjust
dosage regi nents, assess patient conpliance or assess toxicity
potential in energency situations.

The sci ence of toxicology can be roughly divided into three
maj or di sciplines: environnental, forensic, and bi onmedical. Environ-
mental toxicol ogy enconpasses the anal ysis of priority pollutants such-

as pol ycyclic aronatic hydrocarbons, polychlorinated bi phenyls, and



ot her organic and inorgani c substances which mght directly or
indirectly endanger life forms in nature. Forensic and bi omedi cal
toxicology are simlar in that both include the anal ysis of biol og-
ical fluids for drugs, but forensic investigations are usually

done on cadavers, and they are shrouded with | egal considerations

as well. Biomedical toxicologists nornmally performdrug anal yses

in order to provide useful information on a tinely basis to a
physician who is treating a patient. The expandi ng rol e of bionedica
toxicology inthe clinical setting is truly formdable. The scope of

this science is outlined in Figure(l.

EMERGENCY EEOAD TOXICITY
> ECTRUM —
TOX COLOGY SCREENI NG ASSESSVENT
Bl OVED! CAL [
TOXICOLOGY
\\\\\\ THERAPEUTIC SPECIFIC DOSAGE )
DRUG — } DRUG —
MONI TOR! NG ASSAYS ADJUSTMENT

Fig. 1.--The scope of biomedi cal toxicol ogy

The two subdi vi sions, therapeutic drug nonitoring(TDV) and
ener gency toxicology, differ primarily in the reasons for mhiéﬁ'they
are utilized. In TDM the drug (or drugs) to be assayed is known
since it is being admnistered by a physician for a particul ar
di sorder. The specinen is always serumor plasma, and the results
are always quantitative. Thus, the concentration of the drug in the

serumis determned, and the infornmationis used by a physician



to adj ust dosage, determne effects of multiple drug therapy, assess
patient conpliance and in general to help himmake intelligent decisions
about his choice of treatnent. However, the situation in emergency
toxicology is quite different. Here, the drug content of the specinen
mght be a conplete nystery, and broad spectrumdrug screeni ng nust be
done in order to identify and perhaps quantitate any conpounds present.
The speci nen can be any biological fluid or material but usually serum
urine and gastric contents are anal yzed since they are the easiest to
obtain quickly, and the serumis needed for neani ngful quantitative

wor K.

The obj ective in such analyses is to identify the conponents
present as rapidly, unequivocal ly, and inexpensively as possible while
mai ntai ning quantitative capabilities for serumassays wth detection
limts sensitive enough to provide useful information to the clinician
i nvol ved. Major innovations in both TDM and energency toxi col ogy
pr ocedur es have been inpl enented during the | ast decade. These have
greatly increased the reliability of the assays perforned, while ~
significantly reducing the analysis tinme and cost. For exanple, enzyne
mul tiplied immunoassay technique(EMT R) has proven to be one of
the qui ckest and nost reliable methods to assay a wi de range of drugs
i ncludi ng the naj or anticonvul sants, theophylline, the aninog(&cosides,
and a nunber of others. EIMTR assays are al so avail able for the
confirmation of noderate to high | evels of certain drug classes in
serum These incl ude the benzodi azepi nes, barbiturates, and tricyclic
anti depressants. UWine assays can be purchased for the confirnmation

of opiates(conjugated and free), benzoyl ecgonine, barbiturates,

pr opoxyphene, benzodi azepi nes, net hadone, phencycli di ne, and



nmet haqual one. The EM TR met hod, however, requires the purchase of

expensi ve expendabl e kits for each drug or drug class to be assayed,
and sone of these assays are not without significant interferences.
The confirmatory kits are useful in energency toxicology when utilized
i n conjunction w th common chronat ogr aphi ¢ net hods.

H gh performance |iquid chronat ography (HPLO has al so becone
qui te popul ar in toxicology for both TDMand drug screening. Multi-
conponent m xtures can be anal yzed qui ckly and i nexpensi vel y t hough
the technical skill required of the analyst is nuch higher than that
needed for the EM TR system This thesis will not include a detailed
description of HPLC theory or techni ques, however it is inportant to
note that this analytical tool is nowhighly refined in that high
resol ution colums(3 to 5 mcron packings), nicrobore systens, effi-
ci ent punpi ng mechani sns, m croprocessor-control |l ed gradi ent gener-
ators, and a wide variety of detectors are now avail abl e at noder at e
cost. Arecent reviewby G ese1 expl ai ns many of the inportant aspects
of HPLC and provides an extensive list of references pertaining to the
application of HPLC to drug anal yses.

Thi n | ayer chronat ography(TLQ has been used in toxicol ogy
for many years for qualitative drug screening. Two fundanental TLC
procedures are given by sunshi ne2 and Blass et al.3 t hough ma_ny ot her
systens exist. The quantitative analysis of drugs in serumspeci mens
has been done prinmarily using gas liquid chromatography(@Q and
HPLC, though spectrophotonetric nethods were popul ar | ess than a decade

ago.4 This thesis will present a new approach to one inportant aspect

of bi omedi cal toxicol ogy, quantitative serumdrug screening of acidic-

neutral type drugs commonly encountered in emergency situations.



The current approach to the quantitative analysis of drugs in
serumas a part of a screening procedure has evolved primarily in
response to the availability of useful instrunentation and anal yti cal
tool s such as separation nedia, detectors and extracti on suppli es.
Gas liquid chromatography, in conjunction wth various confirmatory
procedures, has gai ned w despread popul arity as the nethod of choice
for serumdrug screening. In traditional G.C, coiled gl ass col unms
generally three to six feet long filled with a solid support nateri al
containing liquid phases |ike O/-17, O/-101 and SP-2250 are used to
acconpl i sh t he chromat ogr aphi ¢ separations, and devi ces such as the
flame ionization detector and others generate signals corresponding to
el uted conpounds. Table(1l) Iists some of the packing naterials

commonl y encountered in bi onedi cal toxicol ogy.

TABLE 1

COMMON A.C PACKI NG MATERI ALS

LI QU D PHASE PCLARI TY TYPE
SP- 2250 I ntermedi at e Met hyl - phenyl silicone
CARBOWAX 20M Pol ar Pol yet hyl ene gl ycol
SE-54 -~ Non- pol ar Methyl-phenyl-vinyl~
silicone
Ov-101 Non- pol ar Met hyl silicone fluid
o1 Non- pol ar Met hyl silicone gum

Ov- 17 I nter medi at e Met hyl - phenyl silicone




The devel opnent of these |Iiquid phases and a reliable
ni trogen sel ective detector has greatly enhanced the speed and
quality of serumdrug screens in today's toxicol ogy | aboratories.
However, a nunber of problens exi st which nust be addressed. The
drugs to be included in a screen are selected on the basis of several
things including the extracti on procedure to be used, the detectability
of the drug at both therapeutic and toxic |evels, confirmatory
nmet hods avai |l abl e, and the abuse potential of the drug. Some of
the conpounds frequently found in acidic-neutral serumdrug screens

are listed in Tabl e(2.

TABLE 2
DRUGS COMMONLY | NCLUDED | N SERUM SCREENS

CGENER C NAME COMMON TRADE NAME
Met hypryl on I\bludarR
D azepam val i unft
Met haqual one QJaaIudeR
Phenobar bi t al LuninalR
Phenyt oi n Dl antin®
Secobar bi t al SeconalR
Mepr obanat e EquanilR
Aspirin AnacinR
Anobar bi t al Anytal R
Chl or di azepoxi de Libriu
Pent obar bi t al Nenbut al
Acet am nophen TernoIR

But abar bi t al FUtisolR




5 and

Many of these conmpounds have simlar nol ecul ar structures
are pharnacol ogi cal |y active in the mcrogramto nanogramper mlli-
liter range. Thus, two problens arise. First, a formdabl e nunber
of nol ecul ar species, many with simlar structures, nust be separated
sufficiently to allowidentification, and secondly, the specinen size
nust be such that the drugs can be detected at clinically significant
levels. Ideally, the conpounds in Table (2 should be separated not
only fromeach ot her, since any two or nore of the drugs mght be in
the same sanpl e, but al so fromother common potential interferences
such as caffeine. Since the specinenis human serum it is desirable
to use a procedure which requires a small sanpl e vol unme so that
anal yses on snall children and infants can be easily done, and bl ood
loss is mnimzed for patients who may al ready be suffering from
severe trauma. The total sanple vol une obt ai ned, however, shoul d
produce enough serumto all owrepeat anal yses. Thus, a total serum
volurme of two mlliliters or | ess would be appropriate since this can
be obtained fromthe centrifugation of one ten-mlliliter vacutai ner
of whol e bl ood.

Gas liquid chromat ography usi ng packed gl ass col ums has | ong
been the techni que nost commonl y enpl oyed to performdrug separations
and quantitation, but it provides toxicologistswth a situatién far
fromideal. The packing naterials popul ar anong toxi col ogi sts such
as OV-17 and SP-2250, though good for sone separations, do not provide
enough resol ving power for the performance of critical separations
in a reasonabl e anount of time. For exanple, using either programred
or isothermal conditions, phenytoin cannot be adequately separated

fromdi azepamon either liquid phase w thout seriously disrupting peak



resolution in other parts of the chromatogram Since these two drugs
are frequently found in conbinati on, an obvi ous probl emexists. Chlor-
di azepoxi de and nordi azepamal so superi npose under nost conditions,
and interferences fromunknown conpounds are possi bl e since resol ution
is usually not good enough to show subtle peak distortions. It is
possi bl e to use two separate packed columms with dissinlar liquid
phases so that interferences on one col utm mght not appear on the
other. This requires that two gas chromat ographs be used, one contai n-
ing each colum, or that both colums be placed in the same oven. In
the latter case, the tenperature limts of the two col utms nust be
conpatible. It is unlikely that the same tenperature programwill
pr oduce opti mum separati ons on both col ums, so analysis tine wll be
i ncreased since two sequential injections will have to be perforned.
Thi s al so i ncreases cost considerably since about tw ce the usual vol -
unmes of gases will be consuned and if a nitrogen- phosphorus thermonic
detector (NMD is used, the collector will require repl acenent nore
frequently. B
Packed col ums al so require conditioning prior to their use in
anal yses. This process involves installing the colum in the oven,
flowi ng carrier gas through the col um, and then baking the col um at
its liquid phase tenperature limt for sone specific period of_’ti ne
designated by the manufacturer. This time period may be only a few
hours, or it may invol ve overni ght heating. Conditioning effectively
renoves excess |iquid phase fromthe support material, and thereby
hel ps reduce basel i ne noi se and the drift commonly associated with

tenperature programmng. Since this process is tine consumng and re-

quires the devoted attention of a gas chronatograph, several back-up



col ums nust be packed and conditioned for imrediate installation
si nce nost toxicol ogy | abs operate twenty-four hours a day all year
This can be a probl emwhen a particular colum is needed i medi ately
and soneone forgot to condition a spare. Another frequently encount-
ered problemw th packed colums is the rapid degeneration of colum
efficiency due to the deconposition of the liquid phase. This
process | eaves an increasi ng nunber of active sites on the col um
whi ch cause drug adsorption and subsequent peak tailing. Since
liquid phase is | ost, the total nunber of theoretical plates wll
decrease. Utimately, peak broadening and extremnely poor resol ution
wi |l occur. Peak tailing and broadening w |l adversely affect quant-
itative results, especially when peak height ratios are used, and
sensitivity will be reduced since snaller peaks will tend to appear
much flatter making themmore difficult to differentiate from base-
line noise particularly at | owconcentrations. These problens
necessitate frequent col um repacking and installation, generally
can produce significant quantitative errors, and increase costs both
inmaterials and labor. In toxicology |aboratories, either reference
or hospital, quantitative drug screening with rapid turn-around tine,
accurate results, and lowcost is crucial if the service is to benefit
the patient. -
Recently, there has been an increased interest in the applica-
tion of high resolution gas chronatography to the probl emof drug
analysis. Hgh resolution or capillary gas chronatography invol ves
the use of |ong narrow open tubul ar colums with Iiquid phase coated

on the inner walls. The idea of using open tubular columms for high

resol uti on anal yses was first introduced by Golay,6 but the adaptation



of his ideas to nost comrercial applications had to wait for the devel -
oprent of technol ogy which would al |l ow scientists to manuf acture open
tubul ar col ums with good coating efficiencies and to adapt conven-
tional gas chromatographs to the special requirenents of capillary

oper ati on.

Capi |l lary anal yses were previously of little interest to
toxi col ogi sts since the only colums avail able were prinarily those
conposed of borosilicate glass. These colums are not particularly
suited for routine daily use in drug anal yses since they are very
fragile, cunbersone to install and renove, | oaded w th unwanted net al
i ons, and expensive. Nevertheless, M Van Boven and I. sunshine7 des-
cribe a method for the quantitation and identification of nethyprylon
and its metabolites using a w sker-wal |l ed pol yet hyl enegl ycol - coat ed
gl ass capillary colum and nass spectronetry. This method is tine
consum ng and requires an expensi ve mass spectroneter. P.Q E'dlund8
describes a capillary nethod for the determnation of opiates in
bi ol ogi cal fluids, but again the procedure is very cunbersone and
i mpractical for emergency work

The introduction of fused silica, highly pure silicon
di oxi de, capillary colums coated with a pol yi mde shell and havi ng
chemi cal |y bonded |iquid phases, opened the door to a wi de raaée of
appl i cations of high resol ution chronatography particularly in the
area of drug analysis. Fused silica colums are highly flexible,

a property which sinplifies colum installation and handling, and they
are virtually devoid of netal ion contam nation, which hel ps insure
inertness. Since the liquid phase is both chemcally bonded to the

fused silica surface(deactivated) and crosslinked withinitself,



the colums al so exhibit |ong useful lives. Papers by Dandeneau
and Zerenner9 and Lipsky et a1.9 describe the preparation of fused
silica colums and sore of the essential considerations. Columm
preparation, however, is currently the responsibility of manu-
facturers such as J & WScientific, Hew ett Packard, Supel co and
others since the process is tedious and very expensive. Prefab-
ricated fused silica colums are currently available in a variety of
useful lengths and inner diameters. Chromatographers can al so choose
a bonded |iquid phase and liquid phase fil mthickness to handle their
particul ar separation probl em

Only a few studi es have been published which invol ve the
application of fused silica capillary gas chromatography to drug
anal yses. Kinberger et al.11 describe a nmethod for the detection of
sone stinulants and met hadone in urine specimens. The authors mnention
not hi ng concer ni ng serumassays, and the work was done using SP-2100
as the liquid phase. They al so enphasi ze the need for confirnation
by mass spectrometry, a costly venture. A nethod for the anal ysis of
illicit heroin sanples is described by Denedts et al.12 The wor k
is intended for the anal ysis of powders and bi ol ogi cal specinens are
not considered. A screening nethod for drugs of abuse on SP-2250

was reorted by i’ettitt13 and Pl otczyk describes a nethod for the
anal ysi s of sone underivatized drugs using a fused silica colurm.14
These papers provide an introductionto the potential use of fused
silica capillary colums to drug anal yses, but they do not present a

si npl e met hod whi ch can be adapted to daily drug screening in a

clinical laboratory setting.



This thesis describes a rapid and sinple nmethod for the
quantitative anal ysis of many common aci di c-neutral type drugs in
human serum The nethod i nvol ves the use of a fifteen-neter Durabond-5
capillary colum(J & WScientific, Rancho Cordova, &) as the gas
chr omat ogr aphi ¢ separati on nedium The procedure is designed to be
used as a screening analysis in hospital and commercial toxicol ogy
| aboratories. Peak identities are confirmed using thin |ayer chrom
at ography and enzyme i mmunoassay. The entire procedure, including
confirmations, can usually be done in | ess than one hour, and the
detection limts for the drugs of interest are nore than adequat e.
Quantitation is acconplished using peak height ratios w th respect
to an internal standard. The results denmonstrate linearity through
a W de range of concentrations, and the reproducibility study yields
coefficients of variation (Cvs) under ten percent for both wthin-day
and between-day anal yses. This method of analysis i s suggested as a
repl acement for packed-colum GC in drug screening since resol ution
and sensitivity are greatly inproved, the DB-5 columm contains a dur-
abl e bonded |iquid phase which effectively means | ower cost in the | ong
run and | ess |iquid phase deterioration occurs which prolongs the
detector life.

Conventi onal gas chronat ographs, those designed for pégked
col ums, can be readily converted to capillary operation by the
pur chase of adaptor kits for the injection systemand by some sinple
repl unbi ng of the detector gases. The novenent to hi gh resol ution
gas chronat ography as the method of choi ce for drug screening is
begi nning to gai n acceptance anong toxicol ogi sts. A |east two

excel l ent texts on high resol uti on GQ.C have been published.ls’16



These books describe both the theoretical and practical approaches
to capillary analyses. The method presented in this thesis is part
of that growing trend which is ained at increasing the quality of

patient care within a cost containment framework.



CHAPTER 1I

GAS LI QU D CHROVATOGERAPHY

Theoretical and Practical Considerations

Once a particul ar gas chromat ograph(Q) is chosen by a
chromat ographer, there are certain itens which must be given carefu
consi deration before they are selected. These include the anal yti cal
colum, the carrier gas, the detector, and the data handling system
The choi ce of these itens, assumng that budgetary probl ens do not
exist, is prinmarily a function of the substances to be separ at ed,
the degree of resolutionrequired, the limts of detection needed
for meaningful results, and the time [imtations i nposed on the
anal ysis. Experinental parameters such as carrier gas flowrate,
detector and port tenperatures, oven tenperature, and in capillary
work, the injection technique, will be discussed |ater.

A the present time, toxicol ogists choose col ums on the
basi s of both experience and nmanufacturer's designated applications.
The choice of a detector is a function of the sensitivity require-
ments and the nol ecul ar structures of the conpounds to be detégted.
There are three detectors coomonly used in drug anal yses. These
include the flane ionization detector (HD, the nitrogen-phosphorus
thermoni c detector (ND, and the electron capture detector (ECD).
The NPD and the FID are essentially identical in structure with the
exception that the NPD incl udes a rubidiumsalt bead which resides

inthe flame area. This bead enhances the ionization of nitrogen or



phosphor us cont ai ni ng nol ecul es and thus increases the sensitivity

of the detector toward these compounds. The NPD is particularly
suited for drug anal yses since nany drugs are anmines. There are,
however, two inportant considerations when using the NPD. First,

the bead is a consunmable item As it is used, the rubidi umsalt
eventual |y vaporizes conpletely, and the bead nust be repl aced.
Second, hal ogenat ed conpounds such as chl orof orm di chl or onet hane,
and chl orobutane wi |l cause a reversible short-lived | oss in detector
sensitivity. This inposes a snall practical limtation in that such
sol vents cannot be directly injected during an analysis. Since these
sol vents are commonly used for drug extractions, they nust be evap-
orated to dryness, and the extraction residue reconstituted in a

sol vent such as nethanol or isopropanol prior to injection. The FID,
however, is still unsurpassed for the anal ysis of methanol, ethanol,
acetone and isopropanol. These conmpounds are included in nany
quantitative toxicol ogy drug screens. The el ectron capture detector
enpl oys a radi oactive source (usual |y Ni65) as an essential part of
its mechanics. Its use is therefore subject to certain hazardous
materials | aws, but it has been successfully used for the anal ysis

of conpounds cont ai ning el ectronegati ve atons such as hal ogens. The

17,18

ECD finds applications in pollutant anal yses and in the detection

of certain derivatized drugs.lg’20
The sel ection of a carrier gas is usually dependent upon the

detector to be used. For instance, an argon-nethane mxture is

appropriate for the ECD, but it is far fromideal for an FID. However,

when using an FID or NPD, the toxicol ogi st has several carrier gases

to choose fromincluding argon, helium nitrogen and when doi ng



capil lary work, hydrogen. The choice of the proper carrier gas is
important since it can significantly influence colum efficiency and
thus ultimately resolution. This is particulary evident in capillary
QC Sone theoretical considerations foll owwhich can be used to

sel ect both the proper carrier gas and the carrier flowrate.

Col um efficiency, the property which directly affects peak
resolution, is usually expressed by the theoretical plate nunber, (N.
A single theoretical plate can be envisioned as a tiny fraction of the
col um whi ch acts as a partitioning interface. Each interface allows
the injected conponents to partition between the two phases in a
manner dependent upon conponent nol ecul ar structure, polarity, and
solubility. Each partitioning enhances the separation process by
increasing the discrinmnating effects of the colum on the injected
solutes. Thus, as the nunber of theoretical plates per col um
i ncreases, the resol ving power or column efficiency increases. The
efficiency is expressed nmathematically as the rel ati onshi p between the
length of time a conponent spends in the col unn (t r) and the extent

of peak broadeni ng whi ch occurs.

t
Tr

N= ——— (1)
g

In equation (1), Nis the nunber of theoretical plates, and d is the

standard deviation of the peak. Figure(2 illustrates the relation-

ship between the standard deviation and the peak mjdth.21
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Band broadening is usually nmeasured as a function of the peak -
width at one half the peak height. According to statistical cal cu-
lations, the peak width at half height for a Gaussian peak is 2.354 &
fromthe peak center. Thus by substituting into equation (l)auan
expression i s obtai ned which can be readily used to cal cul ate the

theoretical plate nunber per colum. This is shown in equation(2.

[a
a}
H

N = = = 5.545

(2)
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The efficiency of a columm can be evaluated by injecting a
partially retai ned conmpound and nmeasuring its retention tinme as a
function of distance by using a calibrated recording chart. The
width at half peak height can be neasured using a ruler or a nmagnifier
with calibrations. This calculation can be used to assess col um
deteriorationw th usage and to conpare two col utms whi ch contain the
sane packing material. It is obviously advantageous to be able to
increase the total nunber of theoretical plates per col um since
this will increase resolution and sensitivity. This can be done by
using long colums, mnimzing liquid phase fil mthickness, or by
choosing the proper carrier floww th all other conditions optim zed.
The packed col umns used in GL.C usual | y have between 2,000 to 5, 000
pl ates per neter and col um | engths of one or two neters are commn.22

Anot her way to express colum efficiency has been adopted
which is essentially an absol ute measure of resol ving power since it
al l ows the chromat ographer to scrutinize individual theoretical plates.

Thi s nunber, the height equivalent to a theoretical plate (HETP), is

obt ai ned by dividing the colum |length(L) by the nunber of plates

per col urm (N. This relationship is expressed in equation(3.
¢ D)
HETP = o) (3)

The absol ute efficiency of a colunm is defined in terns of HETP,
but when the colum is in actual use, other factors nust be considered
in the overall performance. Equation (4), the Van Deenter equati on,

i ncorporates ternms which express the effects of the carrier gas flow,



tenperature, and carrier nol ecul ar size on the actual plate height.
B =
HETP = A+ — + cn (4)

In equation (4),(A is the Eddy diffusion term (B represents |ong-

i tudi nal band broadening effects as diffusion coefficients, (Q is the
resi stance to mass transfer termand (f) is the average |linear velocity
of the carrier gas as it flows through the colum. The Eddy diffusion
termis proportional to the particle size of the packing material. On
this basis, smaller particles will decrease(A which in turn produces
a snmal ler HETP. The band broadening term(B is a function of solute
nol ecul ar wei ght. H gh nol ecul ar wei ght sol utes have smal | er val ues
for (B since they wll diffuse nore slowy in the direction of the
carrier flon The(Q termis actually the sumof two ternms, (Cq) and
(cg), The resistance to mass transfer in the |iquid phase (Cg) is
primarily a function of the liquid phase fil mthickness. The resistance
to mass transfer in the gas phase(C g) is a function of solute diffu-
sion coefficients. The(A, (B, and(Q terns of the Van Deenter
equation can be estinmated by cal culations for a given liquid phase and
solute m xture, but the nost practical way to optimze HETP is to

eval uate the rel ationshi p between HETP and the carrier gas velocity
expressed as () for a given col um. Figure(3 illustrates a typical
Van Deenter plot of HETP versus (g). MNote that the curve shows a

m ni mumwhi ch indicates the carrier fl owrate which produces the

smal | est HETP for a given set of conditions. A though the curve mn-
imumindicates the flowrate of opti numcol um perfornance, the carrier”

flowmay not be practical interns of anal ysis time since the optinmm
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Fig. 3.--A typical Van Deenter plot

linear velocity usually occurs at lowcarrier flowrates. There-

fore, it is also inportant to consider the relative flatness of

the Van Deenter plot. |If the slope of the curve follow ng the ni ni mum
is small (i.e. the curve is fairly flat), a higher colum efficiency
is obtained over a larger range of carrier velocities. Van Deenter
plots for packed col ums predict an increase in HETP for | ow density
carrier gases |ike helium hydrogen and nitrogen,23 but the situation
isquite different for capillary colums as wll be di scussed _I’at er.
Mbst chromat ographers in toxicology are primarily concerned wth

the problemof analysis tine. Thus, it is common with packed col umrms
to conproni se colum efficiency for rapid anal ysis time by running at

flowrates much higher than the optimum Capillary col um

anal ysis helps elimnate this problemby delivering high efficiency



and short analysis time since very lowcarrier flowrates are used,
and the total nunber of theoretical plates per colum is significantly
| arger than that of packed col ums.

Q her paraneters such as injection port tenperature, oven
tenperature(isothernal or programmed), and the detector tenperature
can be mani pul ated to enhance the speed and efficiency of the overall
analysis. The injection port tenperature nust be set high enough to
i nsure that the conpounds to be chromatographed are flash volatilized
upon injection w thout deconposing their nol ecul ar structures. For
nost drug anal yses, tenperatures between 200 and 300 Cel sius provide
enough thernal energy to acconplish conplete volatilization. The
detector tenperature is normally set between 300 and 400 Cel si us
for drug anal yses to insure that deposition of the conpounds on
det ect or conponents i s mnim zed.

The most inportant tenperature setting involves the oven.
Since the colum resides in the oven, the tenperature chosen will
directly influence solute retention tines and the total analysis tine
Under normal circunstances, a chronatographer will experinent wth
the oven tenperature until desired separations are achieved. Anal yses
can be run either isotherrmally, at one tenperature during the entire
anal ysi s, or using a programmed tenperature gradient. Mst ihétru-
ments avail abl e to toxicologists today are equi pped to perform
tenperature prograns with a single ranp. However, nost conpani es now
nmake GCs wWith nulti-ranp programming, a feature which is likely

to add a great deal of versatility to many conplicated anal yses.



CHAPTER 111
H GH RESCLUTI ON GAS CHROVATOGRAPHY
An Introduction to Qpen Tubul ar Col umms

Gas chronat ogr aphy usi ng conventional packed col ums is
limted by essentially two factors; the rate of solute diffusion
along the flow path and the residence tinme of the solute nolecules in
the liquid phase.24 These factors correspond to the Eddy diffusion
term(A and the resistance to nmass transfer term(Q respectively
as they appear in equation(4. The idea that gas chromat ography
coul d be consi derably i nproved by using wall coated open tubul ar
col ums (WCOTs) was first proposed by M Golay in 1957.%° Golay
suggested that long thin tubes of borosilicate glass coated on the
inner walls with liquid phase would effectively mnimze the limting
factors associated with packed colum GC Golay's idea could not be
properly tested until 1960 when Desty et al.26 devel oped a sinpl e but

ef ficient apparatus which produced gl ass capillary tubing of a

consi stently good quality. An aval anche of research followed in which

many scientists contributed significantly toward advancenents in
col um coati ng net hods, col um fabrication, injection techni ques, and
many of the practical applications of WOOT col ums. Noted anong
these schol ars and experinmentalists are K Qob(Sseden), M Novotny
(B, G Schonberg (German Federal Republic), and Jennings(USA. 27

As nentioned earlier inthis thesis, borosilicate glass capillary

col ums have been used in many areas of industry, but few nethods



related to toxicol ogy have appeared in the |iterature. The application
of capillary GC to drug anal yses essentially began with the avalability
of the newfused silica colums. Theoretical and practical aspects

of these columms will denonstrate their superiority to packed col ums,
and provide a rational basis for the proper selection of experinental

condi ti ons.

Choosing a Carrier (as

The Van Deenter equation used for packed columms is nodified
slightly in capillary work. Since there is no packing material in WOOT
col ums, the Eddy diffusion termbecomes zero. The resistance to nass
transfer termbecones prinarily a function of the (Cg) conponent si nce
the Iiquid phase fil mthickness of WOOT col ums is usually on the

order of 0.2 mcroneters. The relationship is shown in equation (5.
HETP = -&— + ¢, () (5)

Thus, the HETP becones primarily dependent upon the carrier gas molec—
ular structure and its average |inear velocity through the col um.
F&)oney28 plotted the Van Deenter curves for three common carrier gases,
hel i um hydrogen, and nitrogen, flow ng through a thirty meter-WCOT
columwith a0.25 mllimeter inner diameter and a 0.25 m croneter
fil mthickness. The plots are shown in Figure (4.

As with packed colums, it is inportant to note the m nimum
of each curve and the flatness after the mnimum Note that though
nitrogen exhibits a lower mninmumthan either heliumor hydrogen, the

steep rise occuring after the mninumindicates a significant loss in
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Fig. 4.--Van Deenter plots for helium

hydr ogen, and nitrogen fl ow ng through a fused

silica colum (30 Mx 0.25 mm.)
col um efficiency at higher linear velocities. Hydrogen and helium
are simlar though hydrogen exhibits the snall est decrease in HETP
over a wi der range of linear velocities. However, hydrogen is highly
flammabl e, and the potential for an explosion exists if a |eak
devel ops in the heated oven. (n this basis, heliumis a good conpro-
m se t hough hi gh-grade heliumis expensi ve.

Flowrates used in nmost capillary anal yses range between 0.5
to 5 mL/min. of carrier gas. These lowflowrates can be used while
mai nt ai ni ng fast anal ysis tine because the colum is essentially an
open tube; however, certain nodifications in the detector systemare
required. A FIDor NPD usually needs between 20 to 30 mL/min. of
carrier flowin order to operate properly. Thus, a "nmake-up" gas is

pl unbed to the detector, and its flowis controlled separately. In



many instances, this situation can be used to optimize detector per-
formance without sacrificing column efficiency. Hydrogen or helium can
always be used as carrier gases to increase column efficiency, while
a specific make up gas can be used depending upon the detector. For
instance an argon/methane mixture can be used as a make-up gas for an
electron capture detector while the column receives helium.

Helium (ultra high purity) was used as the carrier gas and
as the make-up gas in this study. Hydrogen was not chosen because
of the explosion hazard. All gas lines, including the air and
hydrogen for the NPD, contained moisture traps. An oxygen scrubber

(OxyclearR) was used in the carrier line to protect the liquid phase.

Injection Techniques

When using packed columns, sample volumes from one to ten
microliters are usually injected directly onto the column. Packed
columns have a large loading capacity when compared to capillary columns.
In most instances, even one microliter of a moderately concentrated
solution will overload a capillary column causing peak tailing and
band broadening. Therefore, though on-column injection can be done
with capillary columns under certain conditions, two other injection
techniques are more commonly used. The first and most often Jéed is
called split injection. This technique requires a special injection
port configuration which is represented in Figure (5). Once the
specimen is injected, it is flash vaporized and forced through a
special split insert liner which causes a high degree of turbulence

in the injection port to insure that the injected mixture i s homogenous

before the split occurs. As the mixture reaches the bottom of the



split insert, part of it is sent through the column, and the remain-
der is vented to waste. The splitting is usually accomplished by an

in-linevalve which is controlled by the chromatographer.

’/\ needle guide
—

Jennings liner \\‘% I
LMJ l
Lol
column\tj1|}:\/

capillary — ;
Fig. 5--A representation of the HP5793A GC
split mode injection port.

carrier
Nl el e—

= to vent

split point

The glass insert liner is essential since its design can have
a dramatic effect upon the reproducibility of the split which ultimately
affects quantitative results.29 The liner used in this study was
designed by Jennings30 and utilizes an inverted glass cup placed in the
flow path to create turbulence. Split injection has at |east two advan-
tages over other methods. First, the operator can control th_e—split
ratio. The split ratio is calculated by dividing the total carrier
flow (split vent flow + column flow) by the flow of the carrier through
the column. Split ratios usually range from 200:1 to 30:1 depending

upon the sample to be analyzed. This effectively allows the chroma-

tographer to determine the optimum split which will give the highest



27

sensitivity without overloading the column. Secondly, very little
specimen actually reaches the column in most cases. This is partic-
ularly important when biological specimens are chromatographed since
they tend to be "dirty" and thus cause rapid column deterioration.

Splitless injection, the second alternative, involves the use
of a hollow glass liner in the injection port. The specimen is injected
and at a fixed time later, a purge valve is opened which flushes the
injection port with carrier gas. Most of the specimen and the solvent
reach the column, and the solutes experience what Grob terms the

31 The technique is limited since the solvent must

"solvent effect.”
have a higher boiling point than the solutes, and thermal focusing of
the solutes is recommended for good results.32

The third method, on-column injection, involves a more sophisti-
cated technique. On-column injection implies that the solutes are
injected directly into the column bypassing the inlet system encountered
in split and splitless modes. Fused silica capillary columns used in
drug analyses have inner diameters near 0.3 millimeters. In order to-
inject specimens inside the column, 32 gauge fused silica needles have
been devised for use with a special injection apparatus. 33 These
needles are much too fragile to pass through a rubber septum so special
modifications must also be performed on the injection port. '

The split injection mode was used in this study. The helium
carrier was split 50:1 using the split insert liner of Jennings.

Thermogreen LB-1 septa (Supelco, Inc.) were chosen since they exhibit

low bleed and good resistance to thermal aging.



Column I nstallation

Fused silica capillary columns are highly flexible due to
the polyimide coating over the glass. These columns are inherently
straight so the column straightening procedures used with coiled boro-

34 .
To install a column, a car-

silicate glass columns are not needed.
bide knife, two graphite ferrules, a magnifier (20X), typewriter
correction fluid, a column hanger and two connecting bolts are needed.
Initially, the carbide knife should be used to remove a small piece
of the column from each end. No particular care need be taken at this
point since both ends will be cut again. Careful consideration must
be given to the length of column to be inserted into both the injector
and the detector. For the split insert liner used in this study, the
inlet end of the capillary column should reside about one centimeter
below the inverted turbulence cup. Placement of the column in this
areawill insure a good flow of the carrier-solute mixture into the
column. The column inlet must not be allowed to touch the glass liner
or uneven flows may cause split discrimination and non-linear results.
The inlet jet of the HP5793A NPD is designed such that the
outlet of the fused silica column can be inserted up to the jet tip
as shown in Figure (6). This configuration eliminates all contact
of solute molecules with the hot metal surface of the jet which

prevents solute adsorption and decomposition. This tends to increase

analysis sensitivity, and it reduces detector contamination.
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Certain precautions nust be taken when installing the capillary
colum in the cc. The connecting bolt and graphite ferrul e nmust be ‘
pl aced on the colum as a first step. Then prior to connection, a small
pi ece of the colum end nust be renmoved since snall particles of -
graphite are usually caught in the end while the ferrule is slipped
over the colum. A this point the cutting nust be done with care to
avoi d fragmenting the pol yi mi de coating and exposi ng undeactivated
fused silica glass to the flowstream The magnifier should be used to
i nspect the colum after a cut is nade. Onhce the cut is satisfactory,
the col um shoul d be inserted to the appropriate height in the injector
or detector, and the bolt lightly tightened. The typewiter correction
fluid should then be used to nake a small mark on the col um j ust -

under the connecting bolt. The colum is then removed and the inser-

tion length checked. The ferrules are then tightened about one



quarter turn past finger tight. Further tightening may crush the
ferrul es and cause a | eak. Wen both ends of the col unn have been
installed, methanol or an electronic | eak detector shoul d be used to
check all seals. Soap solutions, such as snoopR and ot hers, shoul d
be avoi ded since trace anounts in the systemcan have del eteri ous
effects upon the NPD.  Before the instrunent is started, carrier gas
shoul d be allowed to flow through the colum for at |east fifteen
mnutes to renove traces of air. The J & WDurabond-5 col um used

inthis study is shipped ready for use.

Confi rmat orv Met hods

Though the use of capillary col um G.C consi derably reduces
the |ikelihood that two conpounds in the sane specimen will elute at
exactly the sane tine, the possibility still exists, and it is there-
fore wise to use appropriate confirmatory nethods. Thin |layer chrom
at ography and enzyme i mmunoassay were used in this study to confirm

peak assignnents. A brief description of each method foll ows.

Thi n Layer Chr onat ogr aphy

As with GLC, TLC is used to separate the conpounds in a ni x-
ture by neans of a dynamic partitioning process. The stati on;r-y phase
is generally a solid naterial like silica gel which has been bonded
to the surface of a plate. The plate can be plastic, fiber, glass or
netal. dass is commonly used since it is inexpensive, easily coated
and cut and sonewhat inert. The stationary phase is spread in a thin

film(usually 0.2 to 0.5 nm thick) over the plate surface and al | owed

to dry uniformy. Precoated plates with various stationary phases are



avail abl e frommany nanufacturers and are generally sold in boxes
contai ning 20%20 centimeter glass plates. The choice of a stationary
phase i s based upon the types of conpounds to be separated. The

nobi | e phase, usually a mxture of organic solvents, is experinentally
optimzed once a particular plate is chosen. The mxture to be

anal yzed is spotted on the plate as a concentrated solution, the plate
is devel oped and the resultant spots visualized by various neans.

For drug anal yses, many TLC systens have been devi sed. 36 In
the | ate 1970's, a conpany in California, Analytical Systens, Inc.,
marketed a TLC systemunder the name Toxi -Lab®. This systemis very
expensi ve and i nvol ves the use of fragile fiber TLC pl ates.

Since it is the only coomercially avail abl e TLC systemwhi ch is essen-
tially self-contained, it is quite popular. However, many | abor -
atories still use ninhydrin and iodopl atinate sprays as their only

vi sual i zati on techni ques. The systemadopted in this work was devel oped
at Accutox Laboratories in Canton, Chio. The nmethod is simlar to Toxi-
LabR, but conventional silica gel-coated glass TLC plates are used,

and sore of the visualization steps have been nodifi ed. 37 This TLC
systemwas used for the confirmation of barbiturates, phenytoin,

gl ut et hi m de, neprobanate, and certai n benzodi azepi nes.

Enzynme Mul tiplied | mmunoassay Techni que (EM T %

Honmogenous enzyme i mmunoassays were first introduced in the

early 1970 538’39

and their popularity grewimensely as the Syva
Conpany (Palo Alto, Ga) narketed various drug assay kits under the
trade nane EM TR. These kits gained w despread popul arity despite

their high cost primarily because the assays are extrenely sinple to



perform, require littl e manpower and equipment, can be performed
quickly, and in most cases, offer a high degree of drug specificity.
The chemical principles involved in their use is described by Maggio.A'0
Each of the kits used in this study, the benzodiazepine and
the barbiturate, is calibrated using a negative, low and medium control
serum supplied by Syva. The kits are calibrated based on their
responses to diazepam (benzodiazepine kit) and secobarbital (barbi-
turate kit). The response of the kits to the other members of each
drug class will be discussed later. The kits provide confirmation for
medium to high levels of total benzodiazepines or total barbiturates

in the serum specimens.
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CHAPTER |V

EXPERI MENTAL METHCD

Equi prrent  Requi r ed

Hew ett Packard 5793A gas chronat ograph equi pped with a nitrogen-
phosphorus thermonic detector (NPD and capillary col um capabil -

ities(Hew ett Packard Instrunents, Palo Alto, )

. Syva EMTTY System(semautomated): This includes a Glford Stasar III

spect r ophot onet er, CP- 5000 m cr opr ocessor, a vacuum punp and
a sem-automatic pipettor-diluter (Syva (., Palo Alto, @).
Dur abond-5 fused silica capillary columm, 15 nmeters long with a
0.25 mm inner dianeter and a 0.25 nicroneter |iquid phase film

thickness(J & WScientific, Rancho Cordova, (A)

. Omniscribe™ stri p chart recorder (Houston Instrunents, Austin, Tx.)
. Ares Aliquot Mxer (Ares Conpany, Elkhart, In.)

. Transillumnator W source(Utraviolet Products, Inc., San

Gabriel, Q)

Whatman K6-F TLC pl ates, 250 nmicrometer filmthickness (Whatman

Conpany, Aifton, NJ)

. Vortex Mxer: Maxi-Mx(Sybron Corporation)

. Bvaporation assenbly: hot plate or drilled al um numblock with

tenperature control and an avail abl e ni trogen source.
Borosilicate glass culture tubes with Teflon lined caps (Corning

A ass Wrrks, Corning, Ny)
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Ham | ton 7001N syringe, 1.0 mcroliter full scale(Hamlton

I nstruments, Reno, Nevada)

Utra high purity (UH?) gases: helium air and hydrogen (Liquid
Carboni c Corp., Louisville, Chio)

Extra dry nitrogen gas (Liquid Carbonic Corp., Louisville, Chio)
Reacti—vialsR 50 mlliliter (Supelco, Inc., Bellfonte, Pa.)

Pi pets: MLA 500 microliter volunme and SM precision type rangi ng
from10 to 250 mcroliters

Brinkman DispensetteR liquid dispenser with a Tefl on punp
(Brinkman I nstrurents)

Centrifuge

Aspirator assenbly: this can be nade using a vacuumfl ask, vacuum

tubi ng, and a vacuum punp.

Reagent s Required

D chl or onet hane (Baker Anal yzed Reagent R

gr ade)

Met hanol (Baker Anal yzed ReagentR gr ade)

| sopr opanol (Baker Anal yzed Reagent R gr ade)

Sodi um Sul f at e, anhydrous powder (Baker Anal yzed Reagent R gr ade)
Amoni um Sul f at e (Baker Anal yzed Reagent R gr ade)

Sodi um Azi de (Baker Anal yzed Reagent R gr ade)

Dei oni zed wat er

EM TR Benzodi azepi ne Serum Assay kit (Syva Conpany, Qa)
EM TR Bar bi turate Serum Assay kit (Syva Conpany, Q)

UTAK Serum Hypnotic Controls I, II, and III(UTAK ., &)

5-ethyl-5-(p-tolyl)-barbituricaci d (Supel co, Inc.)



Preparation of Injection Standards

Pure drug standards were obtained fromboth the Applied Science
Conpany and the Wnited States Pharmacopei al Convention(U8P. Al
drug standards to be injected were prepared as 100 mg/dL solutions in
nmet hanol .  The drugs were weighed to 0.1 ng and placed into separate
100-mL class (A volunetric flasks which had been repeatedly rinsed
in reagent grade nethanol. The flasks were filled to their calibration
marks with reagent grade nmethanol. These solutions were stored in

anber bottles and refrigerated until used.

Preparation of the Extraction Buffer

15 nolar ammoni umsul fate was prepared by dissol ving 19.8
grans of the salt in deionized water such that the total vol ume was

100-mL. The pHwas adjusted to 5.0 using 2 nolar sulfuric acid. The

sol ution was stored in an anber bottle at roomtenperature.

Preparation of the Internal Standard Sol ution

5-ethyl-5-(p-tolyl)-barbituricacid was prepared as a 3 mg/dL
solution in deionized water. Three mlliliters of a 1 mg/mL nmet hanolic
sol ution was pipetted into a 100-mL class (A volunatric flask.
Dei oni zed water was added to the calibration mark and the sol ution

stored in an anber bottle under refrigeration.



Preparation of Serum Control s

Two serumcontrols(high and low were prepared using the
met hanol i ¢ i njection standards, SM precision pipets, 50-mL class (A
volumetric fl asks, and serumobtai ned fromthe bl ood bank of a | ocal
hospital. The serumwas centrifuged to renove any red cells, and then
it was extracted to check for the presence of drugs or interfering peaks.
If the chronatogramwas satisfactory, the serumwas mxed nine parts to
one with a 1% aqueous sodi umazi de sol uti on whi ch served as a preservati ve.
Vari ous vol unes of the injection standards were pipetted into two
clean 50nL class (A volunetric flasks according to Tabl e (3. The
net hanol was then slowy evaporated to a tiny vol une using a stream of
dry nitrogen. Drug free serumwas added to each flask up to the calibra-
tion mark, and the sol utions were thoroughly mxed. The control sera were
then divided into 10-mL aliquots, placed into snall polyethyl ene bottles
and frozen until used. Once reconstituted, the controls were usually
consured wi t hi n one week.

The UTAK Hypnotic controls were purchased |ypholized. Each
vial was reconstituted with 5.0 mL of deionized water, mxed wel |,

and allowed to stand at roomtenperature for at |east fifteen m nutes

prior to use. .These were refrigerated until used. -

Sel ection of the Extraction pH

The extraction process involves the interfacing of two inms-
ci bl e sol vents such that drug nol ecul es present in either solvent re-
distribute thenselves into the two sol vents to varying degrees. the re:

distribution process is dictated by a drug's differing solubility in the



TABLE 3

METHANOL1C STANDARD VOLUMES?
FOR SERUM QOONTROL PREPARATION (50 mL)

DRUG LOW HIGH
Std. Vol. Coner Std. Vol. goner
(mcl) (mecg/mL) (mcL) (mcg/mL)
Methyprylon 100 2 500 10
Aprobarbital 100 2 500 10
Butabarbital 100 2 500 10
Amobarbital 100 2 500 10
Pentobarbital 100 2 500 10
Secobarbital 100 2 500 10
Mephobarbital 250 5 500 10
Phenobarbital 500 10 2500 50
M ethaqualone 100 2 500 10
Primidone 250 5 500 10
Phenytoin 500 10 250 15
Diazepam 25 0.5 100 2
N - desalkylflurazepam 25 0.5 100 2
Nordiazepam 25 0.5 100 2
Chlordiazepoxide 25 0.5 250 5

@1l standards are 100 mg/dL i n methanol.



two solvents. A drug s nol ecul ar structure, polarity and extent of
aci d- base ionization are primary factors which determne its solubility
ina particular solvent. Mny drugs are weak organi ¢ acids or bases and
thus exhibit a pH dependent equilibriumbetween a polar ionized formand a
non-ioni zed form Therefore, one can influence the solubility of many
drug nol ecul es i n aqueous or organi c (non-aqueous) sol vents by sel ecting
an appropriate buffer. An extraction performed at an optimzed pHwll
bot h enhance the extraction efficiency of the desired conpounds and
hopeful 'y excl ude potentially interfering substances. Mst of the com
pounds included in this study are considered weakly acidic or neutral

It follows that they will extract into a non-polar organic sol vent from
an aqueous sol vent buffered at a slightly acidic pH The use of phosphate
buffers(pH 5-6) is common, but Thoma et. al.41 suggest the use of 15
nol ar anmoni umsul fate at an acidic pH to suppress the extraction of fatty
acids and chol esterol. Thus, 15 nolar ammoni umsul fate was prepared

at pH4 to 7 and recovery studies and bl ank serumanal yses were done to

optimze conditions. Values of pH higher than 7 were not consi dered

since the coextraction of nmany basic drugs is likely to be enhanced.

Sel ection of the Extracti on Sol vent

I deal Iy, the solvent chosen should efficiently extracE—the
drugs fromthe serummatri x, evaporate readily, be non-toxic and inex-
pensive. Mst organic solvents fail the non-toxicity criterion, but
proper venting and careful handling can ninimze risk. Sone of the
sol vents nmost commonly used in drug extractions include ethers, hexane,

chl orof ormand di chl oronet hane. The use of ethers in a hospital |abor-

atory is not recormended since various people are likely to be handling



the sol vents during shifts, and nany instrunents are running and pro-
ducing heat in the lab. The potential for an explosion or fire is obvious
since ethers are very volatile and highly flammable. Hexane was tri ed,

but it gives extrenely poor extraction efficiency at pH5. 1In fact, only
t he benzodi azepi nes extracted at all. Chloroformand di chl oronet hane
exhibited simlar extraction efficiencies, but since dichloronethane has a
lower boiling point, it will evaporate faster. Al so, when using chl or-

i nated et hanes, the aqueous |ayer resides on top of the solvent inter-
face. This allows easy access to the aqueous | ayer for renoval by
aspiration. On the basis of its volatility, efficiency, and density with
respect to the aqueous phase, dichl oronethane was chosen as the extraction
solvent in this study. A solvent to serumratio of 10:1 was used to

i nsure adequate recovery of the drugs. Ratios below5:1 resulted in

frequent enul sion fornation.

Chr onat ogr aphi ¢ Condi ti ons

Adj ust abl e paraneters critical to capillary chromatography
include the injection port tenperature and split ratio(with split injec-
tion), the oven tenperature, the carrier gas flowrate, the colum, the
carrier gas, the detector tenperature, and the nake-up gas flowrate.

The rationale for the conditions used in this study wi Il be descri bed.

I njection Port Tenperature

The HP5793A GC is equi pped with a m croprocessor which controls
all tenperature paraneters. |Injection port tenperatures between 200 and
300 Cel sius are commonly used in drug anal yses since nost drugs will

flash volatilize in this range. Considerations al so nust be made con-



cerni ng septumbl eed and softening. Thernogreen LB-1 septa were used in
this study at a port tenperature of 250 Cel sius. Thernogreen septa are
recommended for use between 200 and 300 Cel sius. The septumwas changed

tw ce weekly to mnimze col um damage due to air |eakage.

The Col um

The J & WDurabond-5 (DB-5) fused silica capillary col um
was chosen for this work since it has a liquid phase sinmlar to SE-54,
a liquid phase frequently used in packed col unn drug anal yses, and the
manuf acturer clained that the col umm woul d exhibit mnimal bleed and a
long useful life. The shortest colum available, fifteen neters, was
sel ected to reduce cost and analysis tine. A filmthickness of 0.25 mcro-
nmeters and an inner dianeter of 0.25 nillineters represent the di nensions

of a general purpose colum, and this constituted a good starting point.

Qven Temperature

On the basis of ny prior experience with packed col utms and
fromthe ranges nost commonly found in the literature, programmng the
oven tenperature over the range between 100 to 300 Cel sius was consi der ed
likely to give the best results for the conpounds of interest in this
study. A mixture of the drugs listed in Table(4 was prepared i n nethanol
for use as an injection standard. This mxture was injected repeatedly
whi |l e oven tenperature and carrier flow adjustments were nade unti l
satisfactory separations were acconplished. The critical separations
i nvol ved the diazepam- N-desalkylflurazepam, nordiazepam-chlordiaze-

poxi de deconposition product, phenytoi n-oxazepam butabarbital-acetamino-

phen and the phenobarbital-theophylline pairs. A tenperature program



TABLE 4

DRUGS | NCLUDED | N THE ANALYSI S 9
AND CRI Tl CAL SEF\’U\/ICI]\[EI\I'I'I-'\’ATICNS4

DRUG TOXI A TY LI KELY ABOVE (mcg/mL)
Met hypryl on 30
Apr obar bi t al 30
But abar bi t al 30
Anobar bi t al 15
Pent obar bi t al 10
Secobar bi t al 3
Mephobar bi t al 20
Phenobar bi t al 40
Met haqual one 10
Pri m done 12
Phenyt oi n 20
D azepam 2
N- desal kyl f| ur azepam 1
Nor di azepam 2
Chl or di azepoxi de 3

starting at 130°c clinbing to 290°c at 13°C/min. with a final hold

of 2 mnutes acconplished nmost of the separations. Phenytoin and
oxazepamwer e not conpl etely resol ved, however, this is not a-nagj or
probl em si nce detectabl e quantities of oxazepamrarely appear in serum
and the two drugs are not frequently given together in a medication
regi men. Theophyl | ine and phenobarbital al so coelute, but this prob-
lemw || be discussed |ater. The columm head pressure was set at

19 psi which corresponded to 1.3 mL/min. of carrier gas going through
the colum. These conditions were satisfactory for good resol ution

in nost cases and a qui ck anal ysi s.



Det ect or Temperature and Make-Up Gas Fl ow

The NPD shoul d al ways be set at a tenperature hi gh enough to
prevent condensati on of sanple nolecules on the jet and the collector.
Hew ett Packard recommends 300 Celsius for their NPD in order to
opti m ze both response and sanpl e conbustion. Since it was recommended
by the manufacturer and since the oven tenperature reaches 290 cel si us,
300 Cel sius was chosen as the detector tenperature. The collector
bead vol t age and the nake-up gas fl owwere set according to the nanu-
facturer's reconmendations. The make-up gas flowrate was varied
between 20 and 60 mL/min., and it was found that the sensitivity de-
creased at higher flows. Therefore, the lower limt, 20 mL/min.
was used. The collector bead voltage was initially set at sixteen
and adjusted upward as needed. As the rubidiumsalt vaporized, the

voltage had to be slowy increased to maintain detector sensitivity.

Anal yti cal Procedure

1. Cbtain two clean 16 x 100 nm borosilicate glass culture tubes with-

teflon I'ined screw caps.

2 R nse each tube tw ce w th dichl or onet hane.

3. Add 500 mcL .of serumto each tube.

4. Label one tube "TLC" and the other "GLC".

5 Add 100 mcL of ammoni umsul fate buffer to each tube.

6. Add 500 mcL of the internal standard solution to the tube
| abel | ed "GLC".
7. Vortex the tubes briefly to mx their contents.

8 Add 5 mL of dichl oronethane to each tube and cap themtightly.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Place the tubes on the Ames rocker for five minutes and allow the
extraction to occur.

Centrifuge the tubes for two minutes at 2500 rpm.

Remove the aqueous layer in both tubes by aspiration.

Using a small spatula, add anhydrous sodium sulfate to each tube
until the powder no longer cakes.

Centrifuge the tubes for one minute at 2500 rpm.

Obtain two 5-mL ReactivialsR and rinse them twice with dichloro-
methane. Label one vial "TLC" and the other "GLC".

Remove the culture tubes from the centrifuge and decant the
solvent from each tube into the appropriately labelled ReactiviaIR.
Place the tubes in the wells of the hot plate or heating block

and add water until the wells are about half-filled. Maintain

the well temperature between 40 and 50 Celsius.

Evaporate the dichloromethane to dryness under a stream of dry
nitrogen.

Reconstitute the residue in the "TLC" vial with 25 mcL of methanol
and that in the "GLC" vial with 25 mcL of the retention marker
solution (100 mg/dL barbital and 30 mg/dL clonazepam in 2-propanol).
Spot the contents of the "TLC" vial on the TLC plate according to
the Accutox procedure. Develop the plate and visualize the spots
while the AC analysis is performed.

Inject 1.0 mcL of the contents of the "GLC" vial into the GC and
initiate the temperature program and the strip chart recorder.
While the AC analysis is progressing, perform the EMITR benzodiaz-"
epine assay on the serum. The barbiturate assay is done only if

the other data indicates the presence of a barbiturate.



22. Analyze the data from all three methods. Confirm peak iden-
tities and perform the quantitative calculations. The total

analysis time should be less than one hour if no repeat assay

i S needed.
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CHAPTER V

EXPERI MENTAL RESULTS

Chr onat ogr aphi ¢ Dat a

The chromatogramin Figure(7) is obtained fromthe anal ysis
of the high control serum Peak identities in a sanple are estab-
l'i shed by superinposing this control chronatogramon that of the sam
pl e, and by anal yzing the EMITS and TLC data.  Since an int egrat or
was not available for routine use, quantitati on was acconplished using
peak height ratios with respect to the internal standard, p-methyl-
phenobarbital. The peak hei ghts were neasured using a clear plastic
ruler calibrated in mllimeters. Standard curves prepared fromthe
control sera were used to obtain response factors for quantitation.
The linearity data are shown in Table (5), and a sanpl e cal cul ation
is givenin Figure(8. )
Peak hei ght ratios are considered acceptabl e for quantitation
provi ded that the peaks are sharp and symetrical . Kipiniak43 publ i shed
a study of peak hei ght versus peak area measuremrents and concl uded t hat
i n many cases peak hei ght measurenents produced better resul t;’though
neither method is infallible. Al peak height neasurenents in this

study were estimated to the nearest 0.5 mllineters, and all cal cul a-

tions were done using a Hew ett Packard 33C cal cul ator.
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TABLE 5

OONTRCL LI NEARI TY DATA?

DRUGS G tonl(lon o miahlchign | %% | ®
Met hypryl on 0.29 |0.64 167 3.14 0. 316 0.999
Apr obar bi t al 0.07 10.18 (0.31 (0.70 0. 068 0.994
But abar bi t al 0.08 |10.16 (0.42 |(0.79 0.079 0.999
Anobar bi t al 0.09 (0.16 |0.40 |[0.70 0. 068 0. 997
Pent obar bi t al 0.06 |0.14 (0.31 (0.67 0. 067 0. 999
Secobar bi t al 0.06 (0.14 |0.33 |[0.67 0. 067 0.999
Mephobar bi t al 0.63 114 |[(177 230 0. 226 0.999
Phenobar bi t al 0.30 1054 |116 2.38 0. 046 0.999
Met haqual one 0.21 1043 | 115 |20 0. 209 0. 998
Pri m done 0.51 (121 (174 |24 0. 253 0. 998
Phenytoi n 0.48 [0.81 |105 (144 0.094 0.994
D azepam 0.06 |[0.11 (0.23 |0.41 0.0002 | 0.998
N-desal kyl fl urazepam [0.05 |0.10 |[0.24 |0.46 0.0002 | 0.999
Nor di azepam 0.07 |0.10 [0.22 [0.45 0.0002 | 0.998
hl or di azepoxi de 0.10 [0.18 (0.83 |[1.79 0. 355 0. 999

%The data are peak height ratios, and there are five data -
poi nts per nean (X).
Drug peak height = 76.5 mm(neasur ed) -
.S peak height = 80.0 mm(nmeasured)
Standard curve sl ope = 0.096
e e Y T oo % gogs - 00 mes/m

Fig. 8.--Sanple quantitative cal cul ation



Met hod Accur acy

Unl i ke standard quantitative chenical anal ysis where standard
devi ations greater than 1%are usual |y considered unsatisfactory, the
accuracy requi rements i n drug assays are far | ess denandi ng especial |y
i n emergency toxicol ogy where broad spectrumdrug screening is done.
This is largely due to the fact that nost drugs exhibit a range of
concentrations which is considered therapeutic. Unfortunately,

t herapeutic ranges are really only statistical averages, and indiv-
idual patients may respond to any given drug in an abnormal nanner.
However, a physician can use serumdrug | evel s fromtoxi col ogi cal

anal yses to assess the potential role the drug may play in a patient's
condi ti on.

Though hi gh quantitative accuracy is analytically desirable,
it isusually not clinically significant, especially at very | ow drug
l evel s, and the excessive costs involved in a rigid high accuracy
quality control programnmnake it inmpractical in nost circunstances. |f
a serumconcentration is assayed within 10%of its actual val ue, the
accuracy is sufficient to make the results clinically useful in emner-
gency toxicology and in nost TDM assays. For exanpl e, di azepam has
a therapeutic range roughly between 500 and 2000 ng/mL. |f a-patient
actual |y having 1200 ng/mL of diazepamin his serumis assayed as having
1090 ng/mL, the result is clinically accurate since the physician be-
cones aware that the level is md-range therapeutic and not high-range
therapeutic or toxic. Secondly, the results fromthese screens nust be
obt ai ned quickly to be of any value. This usually nmeans that only one -

assay is done with no duplicates to obtain an average. Therefore, on



this basis, the data obtained from the reproducibility studies, both
within-day and between-day, are are acceptable for screening purposes.
Tables (6) and (7) show the within-day variation of drug peak height
ratios for the low and high controls respectively, and Tables (8) and

(9) provide the between-day data.

TABLE 6

LA GONTROL WITHIN-DAY
FEAK HEIGHT RATIO VARIATION (N=10)

STANDARD COEFFICIENT CF

DRUG MEAN (®)  DEVIATION  VARATION (CV)
Methyprylon 0.64 0.030 4.7%
Aprobarbital 0.18 0.008 4.4%
Butabarbital 0.16 0.009 6.0%
Amobarbital 0.16 0.008 5.3%
Pentobarbital 0.14 0.007 5.0%
Secobarbital 0.14 0.008 5.9%

M ephobarbital 1.14 0.055 4.8%
Phenobarbital 0.54 0.024 4.5%
M ethaqual one 0.43 0.033 7.6%
Primidone i.21 0.055 4.5%
Phenytoin 1.05 0.060 5.7%
Diazepam 0.10 0.009 9.7%
N - desalkylflurazepam 0.10 0.007 7.0% _
Nordiazepam 0.10 0.007 7.0%
Chlordiazepoxide® 0.18 0.015 8.0%

aExpressed as the sum of the parent peak and the decom-
position product



H GH CONTRCL W THI N- DAY

TABLE 7

PEAK HEI GHT RATI O VARI ATI ON (N=10)

) SHNAD SO
Met hypryl on 3.14 0.180 5.7%
Apr obar bi t al 0.70 0.027 3.9%
But abar bi t al 0.79 0.040 5.0%
Ampbar bi t al 0.70 0.035 5.0%
Pent obar bi t al 0.67 0.030 4.4%
Secobar bi t al 0.67 0.025 3.8%
Mephobar bi t al 2.30 0.116 5.5%
Phenobar bi t al 2.38 0.130 5.5%
Met haqual one 2.09 0.140 6.7%
Prim done 2.44 0.170 6.9%
Phenyt oi n 1.44 0.037 2.6%
Di azepam 0.41 0.018 4.5%
N- desal kyl f1 urazepam 0.46 0.025 5.5%
Nor di azepam 0.45 0.021 4.6%
Chlordiazepoxidea 1.79 0.045 2.5%

aExpressed as the sum

position product.

of the parent

peak and the decom



TABLE 8

LOW CONTROL BETWEEN- DAY
PEAK HEI GHT RATI O VARI ATI ON (N=10)

o SO, LGB
Met hypryl on 0.67 0.041 6.7%
Apr obar bi t al 0.15 0.008 5.6%
But abar bi t al 0.16 0.010 6.47%
Ampbar bi t al 0.16 0.011 6.6%
Pent obar bi t al 0.13 0.009 6.3%
Secobar bi t al 0.14 0.009 6.2%
Mephobar bi t al 1.13 0.060 5.3%
Phenobar bi t al 0.56 0.029 5.1%
Met haqual one 0.45 0.033 7.3%
Prim done 1.19 0.052 4.4%
Phenyt oi n 1.02 0.068 6.7%
Di azepam 0.11 0.010 9.4%
N- desal kyl f | urazepam 0.10 0.006 6.17%
Nor di azepam 0.11 0.007 6.3%
Chlordiazepoxidea 0.18 0.016 8.8%
aExpressed as the sum of the parent peak and the decom

position product



TABLE 9

HI GH CONTROL BETWEEN- DAY

PEAK HEI GHT RATI O VARI ATI ON (N=10)

o o SR S
Met hypryl on 3.21 0.140 4.5%
Apr obar bi t al 0.65 0.019 2.9%
But abar bi t al 0.78 0.035 4.47
Ampbar bi t al 0.69 0.036 5.2%
Pent obar bi t al 0.63 0.032 5.1%
Secobar bi t al 0.64 0.033 5.2%
Mephobar bi t al 2.27 0.092 4,0%
Phenobar bi t al 2.32 0.120 5.1%
Met haqual one 2.20 0.130 5.9%
Prim done 2.37 0.140 6.1%
Phenyt oi n 1.45 0.049 3.4%
Di azepam 0.42 0.026 6.37%
N- desal kyl f | urazepam 0.44 0.022 5.0%
Nor di azepam 0.43 0.020 b.7%
Chlordiazepoxidea 1.77 0.048 2.7%

aExpressed as the sumof the parent peak and the decom
position product



The accuracy of some of the standard curve data in Tabl e (5)
was eval uated using control s purchased fromUTAK Laboratories. These
control s were assayed over a ten day period, and the results are shown
in Tabl e (10. Chronat ogr ans of these controls are shown in Figures

(-1 1) .

TABLE 10

UTAK HYPNOTI C CONTRCL ASSAYS
BETWEEN- DAY (N=10)

ORUG ASSI Q\ED PHR? CALOULATED CONC
VALUE (mcg/mL) X ts (mcg/mL) X s

HYPNOTI C |

Met hypr yl on 40 11.920.9 37.7%29

Secobar bi t al 10 0.63 £0.05 9.4-0.7

Met haqual one 10 2.15%0.18 10.3 £0.8
HYPNOTI C 11

Phenobar bi t al 40 1.72%0.17 37.4 £ 3.6

nl or di azepoxi de° 10 3.63 £0.36 10.2 1.0
HYPNOTI C 11T _

Pent obar bi t al 20 1.41 ¥0.08 21.0£12

Di azepam 10 2.11%0.12 10.5 *0.6

dpeak Hei ght Ratio: mean (%) plus or mnus the standard devi ation
bExpressed as the sumof the parent peak and the deconposition

pr oduct

The assayed val ues for the UTAK controls agree w thin 10% of

the spi ked val ues indicated by UTAK  This nethod was al so tested by



performng assays on the March 1983 Col | ege of Ameri can Pat hol ogi sts
(G Advanced Toxi col ogy Proficiency Survey specinens. These

speci mens are spi ked wi th known anounts of drugs and sent to partic-
ipating | aboratories as unknowns. The speci mens are assayed and return-
ed for evaluation. The results fromthis method and those reported by

the CAP are shown in Table (11).

TABLE 11

VARCH 1983
CAP SLRVEY RESULTS

SPECTMEN DRUGS PARTI CI PANT ANALYSI S
PRESENT MEAN ASSAY VALUE RESULTS
D azepam 1.3 meg/mL 1.3 mcg/mL
T2 Met haqual one 2.3 mcg/mL 2.8 mcg/mL
Nor di azepam 2.0 mcg/mL 2.0 mcg/mL
T3 Secobar bi t al 3.1 mcg/mL 3.8 mcg/mL

On the basis of these studies, the nethod can be consi dered

accurate enough for quantitative energency toxicol ogy.
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I nterference Study

Met hanol i ¢ sol utions of the drugs avail abl e were prepared and
injected individually under the chromatographic conditions of this
procedure. An integrator was used to obtain accurate retention tines.
The retention data for the drugs tested appear in Tabl e(12. On the
basis of this data, the only conpounds not included in the screen which
mght interfere with the conpounds of interest include theophylline,
oxazepam butal bital and acetam nophen. d these, theophyllineis the
only real problem Butalbital and acetam nophen el ute very shortly
after butabarbital and very nearly together. However, acetam nophen
tends to tail, and one is imediately alerted to the possibility of
its presence. Wen this occurs, an acetam nophen assay, which coul d
be done using this nethod, nust be done separately. Acetani nophen was
not included as a quantitative part of the G.C screen because it has a
very strong detector response even at low levels, and it tends to mask
but abarbital . Acetam nophen can be readily quantitated by HPLC or EM TR
but a butabarbital determnationis nore difficult. Butalbital can be
differentiated frombutabarbital since it elutes just slightly later.
The subtle retention shift can be seen when a control chromatogramis
superinposed. Butalbital is sinply reported as "present” since no data
are avail abl e concerning its therapeutic range,44 and hence, quantita-
tive results would have little neaning. xazepamwas di scussed earlier
with respect to phenytoin. Theophylline presents a problemsince it
coel utes with phenobarbital. Theophylline is commonly prescribed as a
br onchi odi | at or and phenobarbital is, along with phenytoin, a drug of -

choice for many epilepsies. The possibility that these two conpounds



TABLE 12

DRUG RETENTI ON TIMES(M N e

RETENTI ON RETENTI ON
DRUG TI ME DRUG TI ME
Acet am nophen 4.55 Met hadone 9.
Amtriptyline 9.62 Met hapyri | i ne 8.38
Anobar bi t al 4,95 Met haqual one 8.83
Apr obar bi t al 4.10 Met hsuxi m de 3.86
Bar bi t al 3.08 Met hyl ni t razepam 12. 61
Benzphet am ne 6.24 Met hyl pheni dat e 5.05
But abar bi t al 4,48 Met hypryl on 3.48
But al bi t al 4.52 N trazepam 13.23
Caf f ei ne 6.17 N- acet yl procai nam de 11. 72
Car banazepi ne 10.08 N- desal kyl f| ur azepam11. 02
Chl or di azepoxi de 13.72 Nor di azepam 11. 38
Chl or di azepoxi de DP 11.48 Nor pr opoxyphene 11. 67
d onazepam 13.85 Nortriptyline 9. 80
Codei ne 10.56 xazepam 10. 17
Desi pram ne 9.44 p- net hyl phenobar bi tal 7.99
D azepam 10.92 Pent obar bi t al 5.18
Et hi namat e 2.26 Phenacetin 4.73
Et hosuxi m de 1.48 Phencycl i di ne 6. 43
Fl ur azepam 13.25 Phenobar bi t al 7.20
d utethimde 6.05 Prim done 9.40
I m pram ne 9.03 Pr ocai nam de 9.40
Li docai ne 6.45 Pr opoxyphene 9.55
Lor azepam 12.38 Protriptyline 9.42
Meperi di ne 4.86 Secobarbi t al 5. 62
Mephobar bi t al 6.67 Theophyl |'i ne 7.18 _
Mepr obanat e 5.75 Trim pram ne 9.73

43 & WDB-5 col um, 15 nmeters, 0.25 mmi.d., 0.025 mcron film
tenperature program 130 to 290 celsius at 13°C/min.

bChlordiazepoxide QC deconposi tion product

mght be in the same sanple is reasonabl e, and therefore care nust be

used when a peak assignnent is nade. Fortunately, alittle good judge-
ment can all but prevent the problem Theophylline has a very high NPD
response (10 mcg/mL gives a peak height ratio of 3.5). Since the -

t herapeutic range of theophyllineis from10 to 20 mcg/mL, it is likely
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that a very large peak will result if theophyllineis present. Pheno-
barbital can be detected to a level of 2 mcg/mL using the TLC anal ysi s.
Thus, if a light to nediumspot appears on the TLC plate, and a | arge
peak appears on the chronatogram the presence of theophyllineis prob-
abl e and separate nethods (HPLC and EMT) can be used to confirmthe
suspi cion. The EM'TR bar bi t urat e assay can be used to confirmonly
very high levels of phenobarbital. In any event, one nay choose to
use judgerent and report results, or a "phenobarbital ™ peak nay be con-
firmed by a second quantitative nethod. Experience is the best guide,
t hough information concerning the patient's current medications can be
hel pf ul .

Interferences as coel uting peaks are only a problemif they
can't be identified readily. Any good toxicol ogist is always sus-
pi cious and confirms high | evel s of drugs and investigates any odd
behavi or shown on the chromatogram The high resol ution afforded by
the fused silica capillary colum hel ps to reduce coel uti on probl ens
by bot h enhanci ng separati ons and by naki ng peak di stortions nore

obvi ous.

Confirnatory Procedures

Confirmation of GLC peak identities is a necessary and sore-
times tine consuning process. Ideally, these procedures should be run
concurrent with the GQ.C anal ysis, and they shoul d consune snal
quantities of serum Many possi bl e met hods are avail abl e i ncl udi ng
HPLC, TLC, spectrophotonetric, chemcal color tests, immunoassay, and

others. In this study, the barbiturates and benzodi azepi nes are con-

firmed using TLC and EMTR met hods. Phenyt oi n, neprobanate, and



gl utethimde confirmations i nvol ve TLC al one. Mt haqual one can be
confirmed using a spectrophotonetric method,45 but no A.Cinterferences
have been encountered to nerit the use of such a tine consumng and
interference-ridden procedure. Methyprylonis not confirmed since
no sinple way is avail able other than to use a second GC equi pped with
a different colum. Primdone can be confirmed using HPLC or EM TR.

I n many cases, a urine specinen is also analyzed with the serum
and this aids immensely in conpound identification since drugs tend to
accunul ate in the urine. However, assumng that no urine is avail abl e,

the confirmatory nethods used in this study are adequate. The sensi -

tivity of the two nethods toward the drugs of interest is shown in

Tabl e (13)
TABLE 13
DRUG DETECTION LIM TS
FCR THE TLC AND EM T ANALYSES
RUGS TLC METHD EMIT® METHCD
(mcg/mL) (meg/mL)
Amobari t al 1 15
Apr obar bi t al 1 -
But abar bi t al 1 7
But al bi t al 1 8
Ohl or di azepoxi de 0.5 5 -
D azepam 0.5 0.3
d utethimde 2
Mepr obanat e 3 -
N- desal kyl f | urazepam 0.5 2
Nor di azepam 0.5 2
Pent obar bi t al 1 1
Phenobar bi t al 2 20

Secobar bi t al 1 3




The TLC data were obtained by analyzing spiked sera, and
R . 46,47
the BEMIT ~ data were extrapolated from studies done by Syva
These confirmatory methods cover most of the drugs found in serum
screens. The other compounds not included in the confirmatory methods
are free of interferences on the basis of this study, but confirm-

ations may be necessary in special cases where peak distortion, patient

history, or urine analysis results cast doubt upon the AC data.

AC Detection Limits

The detection limits of the analysis were assigned on the basis
of both clinical significance and peak detectability. Detection limits
were set at one fifth the lower limit of the drug's therapeutic range
unless this was below the lowest measurable peak height. It is felt
that if detection [imits are set too low, insignificant results will
be frequently generated, and the potential for a false positive in-
creases since small noise peaks might be misconstrued as drugs. Also,
the AC analysis is usually more sensitive than the TLC or EMITR methods.
Thus, if the detection limits on the AC are set too low, confirmation
becomes difficult. The drug detection limits for the AQC analysis

are listed in Table (14).

Extraction Recovery Study

Recovery was evaluated by comparing the responses of the extracted
drugs to those of the same drugs directly injected with no extraction.
The recovery standard was a methanolic solution containing the drugs
of interest in concentrations identical to those in the high control

serum. A 60 mg/dL solution of the internal standard compound was



TABLE 14
DRUG G.C DETECTION LIM TS

DRUG

DETECTI ON
LIMT (mcg/mL)

Met hypryl on
Aprobarbita
But abar bi t a
Amobarbita
Pent obarbi ta
Secobarbi t a
Mephobar bi t a
Phenobar bi t a
Met haqual one
Pri m done
Phenyt oi n

D azepam

N- desal kyl f| ur azepam

Nor di azepam

Chl or di azepoxi de

N~ = N N = e e N

o O O O
. L] - -
NN =N

prepared i n isopropanol

500 mcL of the methanolic recovery standard

was pipetted into a ReactivialR, and the met hanol was evaporated to

dryness under dry nitrogen
ard was then added to the vial
as the 100%recovery reference.
with 500 mcL of deionized water and 100 mcL of buffer

was extracted, aspirated, and dried.

25 mcL of the alcoholic internal stand-

The speci nen

The di chl or onet hane was evap-

orated to dryness, and 25 mcL of the alcoholic internal standard was

added.

The mxture was injected at the same attenuation as the 100%

recovery standard.

The peak height ratios of the control drugs were

Thi s solution was injected and served

500 meL of the high control was m xed



conpared to those of the standard. The results are shown in Tabl e (15).

TABLE 15

PERCENT RECOVERY RESULTS
D CHLCROMETHANE EXTRACTI ON

DRUG pH 4 pH 5 pH 6 pH 7
Met hypryl on 93 96 90 91
Apr obar bi t al 94 94 90 85
But abar bi t al 99 98 96 92
Anobar bi t al 96 94 92 93
Pent obar bi t al 93 95 94 92
Secobar bi t al 97 93 94 92
Mephobar bi t al 90 92 93 90
Phenobar bi t al 91 94 90 89
Met haqual one 93 98 96 98
Pri m done 92 90 88 82
Phenyt oi n 89 92 90 90
D azepam 71 95 96 94
N- desal kyl f | urazepam 70 90 93 94
Nor di azepam 66 89 91 93
Chl or di azepoxi de 89 92 90 90 )

On the basis of these data, the extraction could be done at
pH 5,6 or 7 with no significant |oss of efficiency. However,-it is
felt that the coextraction of basic conpounds woul d be naxinally
suppressed if the lower pHis used. Hence, the extracti on was done

at pH 5.



Col umn Durability

The DB-5 col um was received in Septenber, 1982, and the
manuf act urer cl ai med that the col um possessed 95, 850 t heoreti cal
pl ates using hydrogen as the carrier gas and met hyl undecanoate as
the solute. The colum was eval uated i n Cctober, 1982, Decenber, 1982
and March, 1983 by using p-net hyl phenobarbital and equation (3.

Tabl e (16) shows the results of the eval uations.

TABLE 16
EFFI O ENCY DATA FOR THE DB-5 COLUWN

. [ _
DATE t#rnn ‘) w%hnnn) N tr/w%h x 5.545
10-08-82 8.02 0.00049 91,000
12-14-83 7.99 0.00049 90,000
03-11-83 8.00 0.00049 90,000

A calibrated nagnifier was used to neasure the peak width at -
a chart speed of 20 cm/min. As the data indicates, the column has | ost
very little efficiency even though it has been i n continuous daily
use since Septenber, 1982. This is evidence in support of the cost
ef fectiveness of the colunn. The col unn can be purchased new for $215,
but it islikely tolast tw years or |onger on the basis of the data
obtained. The long life of the DB-5 column sinplifies quality contro
since fewer recalibrations nust be performed when new col ums are in-

stal |l ed, reducing instrunment down-time.



CHAPTER VI

SUMVARY

Concl usi ons

The method presented in this study is sinple to perform but
requires sone technical skill and interpretative ability. The capillary
colum is durable, easy to install and maintain, and it offers high
resolving power with fast analysis tine. Quantitative results and
drug detection limts are within clinically acceptabl e ranges and
interferences are mninal. The TLC nethod used in this study provides
good confirmatory data though other TLC procedures, such as Toxi-Lab
coul d be substituted.

Si nce conventional GCs can be readily converted to capillary
operation, this nethod can be adapted to current hospital and clinical

| aboratory settings were toxicology is practiced.

Recommendat i ons

Fi ve nore drug quantitations need to be added to the screen,
nanel y neprobanat e, gl utethi mde, acetam nophen, salicylates, and
ethanol.  these, acetanm nophen is the only one whi ch can be done
using the proposed system A very sinple screen for serumsalicyl-
ates can be used as an adjunct to the chromatography. By m Xxing
500 mcL of serumwith 2 mL of Trinder's reagent ,48 salicylate |l evel s
of 10 mg/dL or hi gher can be detected by the appearance of the charac-

teristic violet-purple color. Since levels above 40 mg/dL are



considered toxic in adults, this method eli mnates the need to run
a conplete colorinetric quantitative anal ysis on every specinen. ly
t hose whi ch are positive need be done.

Mepr obanat e presents a speci al probl embecause of its very | ow
NPD response. This drug could be readily detected and quantitated
using this nethod if the NPD were replaced with an FID. This woul d,
however, have a del eterious effect upon the detectionlinits of the
ot her drugs and hydrocarbon(lipid) interferences would be nore pro-
nounced. Ethanol can be quantitated spectrophotonetricall y49 or
by using QC |In either case, it requires a separate anal ysis and
a speci men of whol e bl ood for meani ngful results. @ utethinide can
be quantitated using HPLC or a different GC colum. There are, how
ever, other interesting concepts arising.

The idea of using two fused silica colums placed into the
same i njection port but going to separate detectors has been expl ored
by Pandya.50 He used two colums of different polarities(DB-5 and
DB- 1701 both fromJ & WScientific) so that certain retention shifts

wer e seen for conpounds |i ke met haqual one and net hypryl on, which are
not readily confirmed by TLC or EMTR. (h the DB-1701 col um, glu-
tethimde elutes in a positionwhich is free of the interferences found
on the DB-5 colum. The two col unns have conpati bl e temperature linits
t hough the DB-1701 tends to bl eed sonewhat above 240 cel si us.

The critical part of the dual col um approach is apparently
related to the placenent of the two colums in the injector. Comer-
cially avail able two-holed ferrules were found to be unsati sfactory

since they woul d | eak upon tightening. A single holed graphite ferrulé

was bored out slightly to accommodate the two col umms and no | eaking



was observed. Some concern was expressed with respect to the nature
of the splitting since the inlet ends of the two col urms were not
positioned in identical locations in the injector. Nevertheless, this
approach i s under investigation by nyself and Dr. Pandya.

Anot her approach mght invol ve the repl acenent of the TLC
confirmatory method with HPLC  This woul d al | ow bot h peak identity
confirmation and quantitative confirmation. However, the technica
skill needed to properly operate and nmaintain an HPLC i s consi derably
hi gher .

The DB-5 col um mght al so be used in TDM since many anti-
arrythmcs, anticonvul sants, and anti depressants separate and el ute
rapidly fromthe colum. Van Brunt51 has al ready published an exten-
sive paper dealing with the anal ysis of tricyclic antidepressants
using the DB-5 colum and a NPD. QCapillary anal yses nmay even extend
into clinical chemstry where nethods for catechol am nes, hornones and
various |ipids woul d be wel core.

The potential uses of the newfused silica capillary colums
are virtually limtless. As with HPLCin the 1970's, applications
of capillary colums to various separation problens are likely to be
the thrust of nuch research in the 1980's. This work is on the fore-

front of such research in an effort to nore efficiently use tine,

manpower and other limted resources in drug rel ated anal yses.
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