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Abstract

High-performance liquid chromatography (HPLC) separation of drugs at elevated pressure with HyBrid C18 stationary phase columns
was investigated. This technique, which uses instrumentation engineered to handle the narrow peaks and high back pressures genarated by 1.7
particle columns, provided significantly better resolution and/or faster analysis than conventional HPLC and capillary electrophoresis (CE). The
use of 2mm internal diameter (i.d.) columns of 3-10 cm length has been evaluated for the separation of basic and neutral drugs, drug profiling
and general screening (including acidic drugs). For these applications, compared to conventional HPLC and CE, it provided apd®42
faster analyses, respectively. Precision was excellent for both isocratic and gradient analyses. For retention time and peak ared).R%Ds of
were obtainable. Fifteen anabolic steroids and esters were well separated in a 2.5 min gradient. For drug profiling, compared to HPLC and CE
approximately twice as many peaks were resolved. HPLC at elevated pressure is also well suited as a general screening technique. Twenty-fc
solutes of varying drug classes including narcotic analgesics, stimulants, depressants, hallucinogens, and anabolic steroids wereefiiity separat
a 13.5min gradient.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction HPLC, using instrumentation engineered to handle the nar-
row peaks and high back pressure generated by.rh. particle
The analysis of seized drugs is important for legal and intelcolumns, appears well suited for the analysis of drugs. Com-
ligence purposes. To this end, various high performance separpared to conventional HPLC, which typically uses columns
tion techniques are used including capillary gas chromatographyacked with>3 um particles on pumps operating at pressures
(GC)[1], high-performance liquid chromatography (HPUE)  of <6000 psi, 1.7um particle columns operating at pressures
and capillary electrophoresis (CH]. Although capillary GC  <15,000 offer significantly improved speed and peak capacity
offers the greatest peak capacity, it can be problematic for solut¢4]. This improved performance arises due to the reduced plate
that are thermally degradable, highly polar or nonvolatile. Aheight of the smaller particle size columns, the inverse propor-
significant number of seized drugs and related compounds dionality between optimum velocity and particle size, and the
varying drug classes fall under these categories. Liquid phasability to use longer 1.4m columng4]. In addition, the smaller
separation techniques, such as HPLC and CE, which have particles exhibit a flatter van Deemter curve at linear veloci-
lower peak capacity than GC, are amenable to the analysiges higher than the optimuifd]. The commercially available
of seized drugs including solutes that are problematic by GCHPLC systems at elevated pressure are based on the work of
Although HPLC has a smaller peak capacity than CE, it offerslorgenson and co-workds 6]. These authors first used gén
lower limits of UV detection than CE due to the higher detectionfused-silica capillaries containing 1usn C18-modified silica
path lengths used. particles with lengths up to 66 cm on instrumentation capable
of performing isocratic separation at operating pressures up to
60,000 ps[5]. Subsequently, 3@m fused silica capillaries con-
* Tel.: +1 703 668 3327: fax: +1 703 668 3320. taining 1.0um C18-modified non-porous silica particles were
E-mail address: islurie@adelphia.net. used for isocratic and gradient elution on instrumentation capa-
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ble of operating at pressures up to 130,000[6%i A system nent of the mobile phase, unless specified otherwise. For the
with similar capabilities was described by Lee and co-workerslevated pressure HPLC experiments for anabolic steroids and
[7]. An injection system for practical use was introduced by Leedrug screening, the solutes were dissolved in methanol.
and co-worker§8] that is capable of operating at pressures upto Chromatographic parameters including retention faétpr
18,000 psi. Mellors and Jorgensf8] found that 1.5um C18-  selectivity factora; USP resolutionR; USP tailing factorT
modified ethyl-bridged hybrid porous particles can withstandand USP plate numbe¥ were determined as described below
pressures up to 65,000 psi. using Waters Empower system suitability software (Milford,
In this study, the utility of HPLC at elevated pressures withMA, USA). The time of the void volume was calculated from
photodiode array (PDA) UV detection for the analysis of drugsthe first disturbance of the baseline after injection.
is investigated. The separation of basic drugs at low and high
pH using a 1.7um hybrid C18 column is discussed. Next, the o =
analysis of neutral drugs is described on this same stationary
phase. In addition, the use of a small particle hybrid C18 colwherer; is the retention time of the first peak amgithe retention
umn for drug profiling is investigated. Finally, the use of HPLC time of the second peak
at elevated pressure with the above stationary phase for drug 22 — 1)
screening is described. The utility of the above technology forR =
drug classes including narcotic analgesics, stimulants, depres-
sants, hallucinogens and anabolic steroids is shown. For thgherew; is peak width of the first peak anadp, the peak width
above applications, a comparison between HPLC at elevateaf the second peak. Peak widths at baseline between tangent

o — 1o
1 —1Io

w1 + w2

pressure and conventional HPLC and CE is described. lines drawn at 50% peak height.
. _ Wo0.05
2. Experimental = %F G
2.1. Chemicals and reagents wherewg os is the peak width at 5% of peak height afidhe

. time from width start point at 5% of peak height to retention
All drug standards were obtained from the reference colyjme of peak

lection of the Drug Enforcement Administration Special Test-

ing and Research Laboratory (Dulles, VA, USA). Phos-N _ 16(i>2.

phoric acid and trifluoroacidic acid (TFA) were obtained w

from Aldrich (Milwaukee, WI, USA). Sodium hydroxide

and 3-(cyclohexylamino)-1-propane-sulfonic acid (CAPS) wer . .
obtained from Sigma (St. Louis, MO, USA). High-purity, deion-ej' Results and discussion
ized water was obtained from a Millipore Milli-Q-Gradient A10
water system (Bedford, MA, USA). HPLC-grade methanol an
acetonitrile were obtained from Burdick and Jackson (Musek- The operating pH range of the Jufh Acquity UPLC BEH

gon, Mi, USA). Sodium phosphate buffers were prepared bBﬁ:lS stationary phase used in these studies is [3dR It has

diluting with water a stock solution containing 189 mM sodium : . .
) . een reported that the presence of bridged ethylsiloxane/silica
phosphate, pH 1.7. This buffer was prepared by adding 870 mEybrid (BEH) particles in combination with a tri-functional C18

of water, 10mL of phosphoric acid and 30mL of 1 M sodium bonding chemistry allows for an extended pH range of 1-12

hydroxide. and improved peak shapes for basic sol{i€s11] An earlier
generation hybrid stationary phase, containing a methylsilox-
ane/silica hybrid, has been shown to have an extremely low

The elevated pressure HPLC instrumentation consisted of gontent of residual silanol groups up to pH [IP]. There-
Waters Acquity Ultra Performance LC system equipped with d0r€, it was of interest whether highly basic drugs, such as
diode array detector (Milford, MA, USA). All separations were Phénethylamines . approximately 10) could be analyzed
carried out at 30C using Acquity UPLC BEH C18 1.gm N the cationic form at low pH without silanol masking (e.g.,
particle columns (30—100 mm 2.1 mm). amines) or lipophilic ion-pair (e.g., alkylsulfonates) reagents,

The conventional HPLC instrumentation consisted of an Agi-Or better analyzed at high pH in their free base form. For
lent Model 1100 HPLCsystemequippedwithaquaternarypumH“S study, the ;olutes included a mixture of amphetamme,
and a 1100 series diode array detector (Waldbronn, Germanyy'€thamphetamine, 3,4-methylenedioxyamphetamine (MDA),

A Whatman 5 ODS-3 column (125 mm3.2 mm) (Clifton, NJ, ~ 3-4-methylenedioxymethamphetamine (MDMA), and  3,4-
USA) was used at ambient temperature. methylenedioxyethylamphetamine (MDEA).
A test mixture of phenethylamines was analyzed at low pH

2.3. Procedures with phosphate buffer. The effect of phosphate concentration at
a solute concentration of 0.01 mg/mL is showiTable 1for the
For the HPLC experiments for basic drugs and drug profilingunder 3 min separations. As shownTiable 1k anda does not
the solutes were dissolved in the mobile phase buffer compasignificantly change with buffer concentration. Increasing the

d3. 1. Separation of basic drugs

2.2. Instrumentation
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Table 1

Effect of phosphate buffer concentration on chromatographic parameters for phenethylamines (0.01 mg/mL)

Solute Buffer K o USP resolution USP tailing USP N(0%)
Amphetamine 3.1 17 5.5
MDA 3.7 12 22 16 5.7
Methamphetamine 10 mM phosphate (pH 2.2) 4.1 11 1.6 Al 5.3
MDMA 4.6 11 1.7 17 5.0
MDEA 6.9 15 5.9 16 5.6
Amphetamine 3.0 14 7.1
MDA 3.6 1.2 2.6 13 7.1
Methamphetamine 50 mM phosphate (pH 2.0) 4.0 11 1.7 41 6.5
MDMA 45 11 2.0 13 6.8
MDEA 6.7 15 6.7 13 7.3
Amphetamine 3.1 13 8.6
MDA 3.7 1.2 2.9 12 8.5
Methamphetamine 100 mM phosphate (pH 1.8) 4.1 1.1 1.9 21 8.2
MDMA 4.6 11 2.3 12 8.1
MDEA 6.8 15 7.3 12 8.2
MDA 2.8 12 8.8
Amphetamine 3.2 1.2 2.8 A4 8.0
MDMA 10 mM CAPS (pH 11.5) 4.6 14 6.6 14 9.3
Methamphetamine 5.6 1.2 3.1 21 8.4
MDEA 8.2 15 8.0 13 15.0

Conditions: injection size, pl (partial fill mode); column, 5.0 cnx 2.1 mm 1.7.m Acquity UPLC BEH C18; 10% acetonitrile, 90% phosphate buffer; flow rate
0.375 mL/min; temperature 3@; UV detection 205 nm. Conditions high pH buffer, same as low pH buffers except for 30% acetonitrile.

phosphate concentration improved peak shapes, peak efficieimjections, excellent precision is obtained for retention time
cies and resolution (séble 1. Higher solute concentrations (RSD< 0.12%), relative retention time (RSD0.10%), peak
(0.10 mg/ml) led to poorer peak shapes with lower peak efficienarea (RSD< 0.12%), and relative peak area (RS.18%). An
cies. acetonitrile, phosphate buffer gradient separation of this same
The above results could be explained by a two site adsorpmixture resulted in a similar separation as above for the first
tion model recently described by Gritti and Guiochon using dive solutes (se€ig. 1B). In addition, a faster overall analysis
XTerra MS C18 columifil 3]. As described by these authors, the time of 3 min (including 1.0 min gradient re-equilibration) was
density of the less abundant high energy sites (first populated abtained, with improved peak height for NBA (séig. 1A and
low cation solute concentrations) is increased with increase iB). For this separation a 3L injection in the overfill mode
salt concentration. This would limit the population of both siteswas again employed with a flow rate of 0.750 mL/min, which
leading to decreased tailing and increased peak efficiencies. A¢sulted in an operating pressure of 9900-10,150 psi. As shown
the higher solute concentration, the contribution of lower energyn Fig. 1B, for an overlay of seven injections, similar to iso-
sites may increase. Free silanol groups are not believed to matic analysis, excellent precision is obtained for retention time
involved in the formation of the higher energy site, while the(RSD< 0.10%), relative retention time (RSD0.14%), peak
lower energy site corresponds to simple interactions with tharea (%RSD< 0.14), and relative peak area (RS0.20%).
bonded alkyl groupl3]. It was of interest to investigate the separation of the above
An overlay of an isocratic separation of seven injections ofsolutes at high pH. For this purpose, a CAPS buffer at the highest
our test mixture plus a structurally related internal standard recommended concentration by the column manufacturer was
butylamphetamine (NBA) which is used for conventional HPLCused i.e., 10 mM (pH 11.5). The high pH buffer contained 30%
and CE analysis is shownlg. 1A. All solutes are well resolved  acetonitrile due to the presence of the more lipophilic free bases.
in under 6 min. For this separation, a 20 injection in the  AsshowninTable ] all peaks were well resolved using the addi-
overfill mode was employed to optimize peak area precision. Itional buffer. It is interesting that the solute pairs amphetamine
addition, a flow rate of 0.750 mL/min. was used with a resultanand MDA, and methamphetamine and MDMA switched reten-
operating pressure of 9900 psi to speed up analysis. As expectdahn order using the high pH buffer. Again, a two site mechanism
compared to the earlier conditions, some loss in chromatoeould explain this result, with the free base interacting primarily
graphic performance was observed for the phenethylamines. Faiith the bonded alkyl group. Compared to 100 mM phosphate
this separation, the use of a relatively short 50 mmudrijparti-  buffer (pH 1.8), higher overall peak efficiencies and resolutions,
cle column coupled with the higher flow rate allows for the iso-and comparable peak shapes, were obtained with 10 mM CAPS
cratic separation of these solutes including NBA witti af 26  (pH 11.5) (sedable 1.
in under 6 min. Due to the higti value ofN-butylamphetamine, An overlay of seven injections of an isocratic separation
a gradient was required for a previous HPLC separation of thisf the test mixture of phenethylamines plus NBA at high pH
mixture [14]. As shown inFig. 1A, for an overlay of seven is shown inFig. 2A. All solutes are fully resolved in less
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Fig. 1. (A) Overlay of seven injections of an elevated pressure isocratic HPLC separation of phenethylamines at solute concentrations of 0.Chhditiims:
injection size, 2QuL (overfill mode); column, 5.0 crx 2.1 mm 1.7u.m Acquity UPLC BEH C18; 10% acetonitrile, 90% 100 mM phosphate buffer (pH 1.8); flow
rate 0.750 mL/min; temperature 30. Peaks: (a) amphetamine, (b) MDA, (c) methamphetamine, (d) MDMA, (e) MDEA, andifitylamphetamine. (B) Overlay

of seven injections of an elevated pressure gradient HPLC separation of phenethylamines at solute concentrations of 0.010 mg/mL. Conditisrsaaralgsea
(A) except for mobile phase. Initial conditions: 10% acetonitrile, 90% phosphate buffer (pH 1.8). Intermediate conditions: 15% acetonitrilespbétepbuffer
(pH 1.8). Final conditions: 30% acetonitrile, 85% phosphate buffer (pH 1.8). Hold initial conditions for 0.75 min, 0.25 min linear gradient édliaterconditions,

0.5 min linear gradient to final conditions, hold for 0.24 min at final conditions, 1 min gradient re-equilibration.

than 7.5min. As shown iirigs. 1A and 2A operation at the

It is of interest to compare the above separations for

higher pH allows for significantly higher solute concentrationsthe phenethylamine test mixture plug-butylamphetamine

(0.1 mg/mL versus 0.01 mg/mL) with slightly improved over- with those obtained using conventional HPLC and CE. For
all resolution. The higher solute concentrations are offset bgonventional HPLC of the same solute mixture using a low pH
the lower UV response at 254 nm necessitated by the presenplosphate buffer with an amine modifier, all solutes were fully
of CAPS. resolved using a 12.5cm longpsn Luna C18 column with
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Fig. 2. (A) Overlay of seven injections of an elevated pressure isocratic HPLC separation of phenethylamines at solute concentration of 0. dhaligiomk.aBd

peaks same d5g. 1A except for mobile phase. 30% acetonitrile, 70% 10 mM CAPS buffer (pH 11.5). (B) Overlay of seven injections of an elevated pressure gradie
HPLC separation of phenethylamines at solute concentrations of 0.10 mg/mL. Conditions and peaksKEgmtBasxcept for mobile phase. Initial conditions:

30% acetonitrile, 70% CAPS buffer (pH 11.5). Final conditions: 60% acetonitrile, 40% CAPS buffer (pH 11.5). Hold initial conditions for 1.0 nmivin Grigar
gradient to final conditions, hold for 0.49 min at final conditions, 1.0 min gradient re-equilibration.
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Fig. 3. An elevated pressure gradient separation of anabolic steroids. Conditions: injection glzépafial fill mode); column, 10.0 crx 2.1 mm 1.7.m Acquity

UPLC BEH C18. Initial conditions: 50% methanol, 50% water. Final conditions: 100% methanol, 28 min linear gradient, 1.0 min gradient re-equflitsatate

0.375 mL/min; temperature 3C. Peaks: (a) boldenone (0.025 mg/mL), (b) fluoxymesterone (0.025 mg/mL), (c) nandrolone (0.025 mg/mL), (d) methandrostenolone
(0.025 mg/mL), (e) testosterone (0.25 mg/mL), (f) methyltestosterone (0.25 mg/mL), (g) methandriol (0.16 mg/mL), (h) stanolone (1.0 mg/ldéhdidacetate

(0.040 mg/mL), (j) stanolozol (0.11 mg/mL), (k) danazol (0.040 mg/mL), (I) testosterone acetate (0.040 mg/mL), (m) nandrolone propionate/iLy40hng
clostebol acetate (0.040 mg/mL), (0) testosterone propionate (0.040 mg/mL), (p) methandriol-3-acetate (0.040 mg/mL), (q) testosterae (@dAyng/mL),

(r) nandrolone phenylpropionate (0.040 mg/mL), (S) testosterone isocaproate (0.040 mg/mL), (t) testosterone enanthate (0.040 mg/mlgrdog tegbicnate

(0.040 mg/mL), (v) boldenone undecylenate (0.040 mg/mL), (w) methandriol dipropionate (0.16 mg/mL), (x) nandrolone decanoate (0.040 mgAtdsigrte
decanoate (0.040 mg/mL) and (z) testosterone undecanoate (0.40 mg/mL).

a 22 min gradient (15 min gradient re-equilibratigh)]. The  (sans methamphetamine) using a highly permeable 4.6 mm i.d.
37 min total run time by conventional HPLC is approximately monolithic C18 column operating at 4.0 mL/mjh6]. HPLC

12x greater than that obtained by HPLC at elevated pressurat elevated pressure is also approximatelyXaster than CZE
Using a previously reported dynamically coating capillarytechniques thatuse short capillaries at high field strengths in both
zone electrophoresis (CZE) procedufgs] for the same the aqueoufl7] and non-aqueous modiEs] for the separation
solute mixture, all compounds were well resolved with anof the phenethylamines in the test mixture.

approximately X greater total run time than HPLC at elevated

pressure. Excellent time and area precision is obtainable for th&2. Separation of neutral drugs

described techniques.

Since excellent peak area precision was obtained for the Unlike the separation of basic solutes, which require buffers,
phenethylamines in the test mixture using HPLC at elevatedieutral drugs, such as anabolic steroids can be analyzed using
pressure (RS 0.66%), an internal standard would not appearmobile phases containing water as the base solvent. As shown
to be necessary using this technique if care is exercised maka Fig. 3, all 26 target anabolic steroids were well resolved using
ing dilutions. In this vein, amphetamine, methamphetaminea 10cm 1.7um C18 column with a 28 min water, methanol
MDA, MDMA and MDEA were well resolved in under 1.5min gradient (2 min gradient equilibration). This is in contrast to
using isocratic analysis at low and high pH. This total runconventional HPLC, where using a 25cm longrs C18 col-
time is approximately 3.5 faster than a previously reported umn[19]. For 24 of these solutes, 20 were well resolved using a
gradient reversed phase HPLC method for a similar mixture80 min water, methanol gradient (15 min gradient equilibration).
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Fig. 4. Overlay of seven injections of an elevated pressure gradient HPLC separation of anabolic steroids at solute concentrations of 0.030ditigmd:. Co
injection size, 1QuL (partial fill mode); column, 3.0 cnx 2.1 mm 1.7.m Acquity UPLC BEH C18. Initial conditions: 35% acetonitrile, 65% water. Final conditions:
100% acetonitrile, 2 min linear gradient, hold for 0.49 min, 0.5 min gradient re-equilibration; flow rate 0.750 mL/min; temperafurieexk identity same &sg. 3.
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For micellar electrokinetic chromatography (MEKC), using aTable 2 o _
72cm long uncoated capillary (50 cm to detector), 12 of theRelative retention times anabolic sterdids

24 anabolic steroids separated by conventional HPLC were weklnabolic steroid Relative retention time
resolved during a 40 min run (pre-run flush(_as 2 |1j]1§))]. Multi- Fluoxymesterone 0.689

wavelength pV detecuqn isused for anabo_llc ster0|d§ to e_nhapqgomnone 0.822

signal to noise of certain solutes depending on their extinctiomandrolone 0.872

coefficients. The enhanced HPLC gradient system, coupled witkethandrostenolone 0.919 _

PDA UV detection, is excellent for screening to determine WhichTeSttr‘l’StZ“_”]e 116%%0 (0.48min)
anabolic steroids may be present in seized drugs. As describeff, - ;

X oor X X ethyltestosterone 1.130
previously, there are significant differences in the UV spectraanozoiol 1.298
depending whether an enone, dienone, ketone, isolated doutdeinolone 1.323
bond, etc. are presefit9]. In practice, only a single anabolic Boldenone acetate 1.827
steroid would be present in most seized exhibits. Therefore, th%a”tazf' ot 1-231018
separation of anabolic steroids using a fast gradient on a 3 cﬁ;ﬁ;ﬁrﬁ;e;’:ci;tee 2308
1_.7 pwm C18 column was investigateq._This system wquld be parandrolone propionate 2363
ticularly useful for providing an additional confirmation of the Clostebol acetate 2.476
presence of an anabolic steroid and for quantitative analysis. Afestosterone propionate 2.532
overlay of seven injections of a 2.5 min water, acetonitrile gra-LeStSStfrO”e 'hSObL:tyrat? t g-g%
dient separation of 16 of the anabolic steroids is shovfign4. androlone pnenylproplonate '

. . .. . . . Testosterone isocaproate 3.473
For this separation, a 3L injection in the parfual loop modg Testosterone enanthate 3.810
was employed with a flow rate of 0.750 mL/min and a gradientrestosterone cypionate 3.886
equilibration time of 0.5 min. This resulted in an operating pres-Boldenone undecylenate 4.182
sure of 2600—6500 psi. For this separation, excellent precisioﬁetzanld”o' g'pmp'ort‘ate 442‘%;1

. . . 0 androlone aecanoate .

was obtained for retent_|on time (RSD0.16%), an_d peak area 1o cterone decanoate 4.547
(RSD<0.17%). Retention data for all 26 anabolic steroids areresiosterone undecanoate 4.779

shown inTable 2 -
2 Relative to testosterone.

3.3. Drug profiling
A comparison of HPLC at elevated pressure and conventional

Drug profiling for forensic analysis can entail the analysis ofHPLC for impurity profiling of MDMA using a TFA, pH 2.2,
trace impurities in synthetic drugs (e.g., from MDMA precur- acetonitrile gradient is shown rig. 5. For the former system,
sor chemicals) or the constituents of natural products (e.g., frorm 10cm 1.4um C18 column was used in contrast to a 12.5cm
opium) for tactical and strategic intelligen{20]. The use of 5um C18 column for the latter technique. Based on the number
HPLC at elevated pressure with L. particles, which can pro- of peaks detected, HPLC at elevated pressure has approximately
vide increased peak capacity over conventional HPLC, appeatwice the peak capacity of conventional HPLC for MDMA impu-

well suited for this task. rity profiling. It is interesting to note, although, for the same
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Fig. 5. Comparison of elevated pressure gradient HPLC (A) and conventional gradient HPLC (B) for the drug profiling of MDMA (1.0 mg/mL). Elevated press
HPLC conditions: injection size, 30L (overfill mode); column, 10.0 crx 2.1 mm Acquity UPLC BEH C18. Initial conditions: 2% acetonitrile, 98% 0.1% TFA
buffer (pH 2.2). Final conditions: 40% acetonitrile, 60% 0.1% TFA buffer (pH 2.2), 15 min linear gradient, hold for 1.2 min, 2.0 min gradientleagqnijlflow

rate 0.375 mL/min; temperature 30. Conventional HPLC conditions: injection size, 300, column, 12.5 cnmx 3.2 mm 5um Partisil 5 ODS3. Initial conditions:

2% acetonitrile, 98% 0.1% TFA (pH 2.2). Final conditions: 40% acetonitrile, 60% 0.1% TFA (pH 2.2), 15 min linear gradient, hold for 1.2 min, 12.08ieih gra
re-equilibration; flow rate 0.375 mL/min; temperature®80 Peaks: (a) MDMA (b) dimethyl-MDMA.
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Fig. 6. Comparison of elevated pressure gradient HPLC (A) and CZE (B) for the drug profiling of opium (for sample preparation[28&h.Rgévated pressure

HPLC conditions: injection size, 4L (partial fill mode); column, 10.0 cna 2.1 mm Acquity UPLC BEH C18. Initial conditions: 5% acetonitrile, 95% 100 mM
phosphate buffer (pH 1.8). Final conditions: 29% acetonitrile, 65% 100 mM phosphate buffer (pH 1.8), 12 min linear gradient, 2.0 min gradikintateegiow

rate 0.375 mL/min; temperature 3C. CZE conditions as in reference 18. Peaks: (a) morphine, (b) codeine, (c) thebaine, (d) papaverine, (e) noscapine, (f) tetracaine
(internal standard) and (x) gradient artifacts.

sample, the injection size for the former technique is 1/5th oto noise than CE (approximately &%. For both profiling appli-
conventional HPLC (2Q.L versus 10QwL), and the path lengths cations, the operating pressure was between 7720 and 8930 psi
of both UV cells are both 10 mm. The signal to noise is similarusing the 10 cm 1.4m column.
for both techniques.

A comparison of HPLC at elevated pressure and a dynams.4. Drug screening
ically coated capillary CZE approad@l] with dual neutral
cyclodextrins in the run buffer, for profiling opium is shown  Seized drugs are derived from divergent drug classes, such
in Fig. 6. Again, based on the number of peaks detected, thas narcotic analgesics, stimulants, depressants, hallucinogens,
former technique using a phosphate (pH 1.8), acetonitrile gradiand anabolic steroids. Therefore, a highly efficient, universal
ent with a 10cm 1.am C18 column exhibited approximately and reasonably fast separation technique with a suitable detec-
twice the peak capacity as a low pH CZE approgdj. Forthe  tion system would be desirable for drug screening. The use of
latter technique, a 33 cm dynamically coated capillary (24.5 cnHPLC at elevated pressure with 1. particle columns appears
to detector) was used with a run buffer containing a mixture ofyell suited for this purpose. As shownHig. 7, 24 solutes of the
two neutral cyclodextrins. As expected for the opium sampleyarying drug classes are fully separated in under 13.5 min (2 min
HPLC at elevated pressure exhibited significantly greater signgjradient equilibration) using a 10 cm Ju C18 column and a
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Fig. 7. Anelevated pressure HPLC gradient separation of a wide variety of seized drugs. Conditions: injectigiLgjzartial fill mode); column, 10.0 cr 2.1 mm

1.7um Acquity UPLC BEH C18. Initial conditions: 2% acetonitrile, 98% 100 mM phosphate buffer (pH 1.8). Final conditions: 100% acetonitrile, 12 ngreldiear

ent, hold for 2.0 min, 2.0 min gradient re-equilibration; flow rate 0.430 mL/min; temperatui@.3eaks: (a) psilocybin (0.10 mg/mL), (b) morphine (0.10 mg/mL),

(c) psilocin (0.10 mg/mL), (d) codeine (0.20 mg/mL), (e) amphetamine (0.20 mg/mL), (f) methamphetamine (0.20 mg/mL), (g) MDMA (0.20 mg/mL)in(h) hero
(0.20mg/mL), (i) cocaine (0.40 mg/mL), (j) librium (0.20 mg/mL), (k) LSD (0.20 mg/mL), (I) phenobarbital (0.10 mg/mL), (m) PCP (0.80 mg/mL), ényfent
(0.40mg/mL), (o) methaqualone (0.10 mg/mL), (p) lorazepam (0.10 mg/mL), (q) diazepam (0.20 mg/mL), (r) testosterone (0.40 mg/mL), (s) reeto/igsto
(0.40 mg/mL), (t) boldenone acetate (0.40 mg/mL), (u) cannabidiol (0.10 mg/mLA$¥yHC (0.10 mg/mL), (w) testosterone undecanoate (0.80 mg/mL) and (x)
gradient artifacts.
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Fig. 8. An elevated pressure gradient separation of a wide variety of seized drugs. Conditions: injectioplsiggartial fill mode); column, 3.0 cnx 2.1 mm
1.7pum Acquity UPLC BEH C18. Initial conditions: 2% acetonitrile, 98% 100 mM phosphate buffer (pH 1.8). Final conditions: 100% acetonitrile, 2 min linear
gradient, hold for 0.5 min, 0.5 min gradient re-equilibration; flow rate 0.750 mL/min; temperatti€ B@ak identity and solute concentrations are samerg.ifd.

phosphate (pH 1.8), acetonitrile gradient with PDA UV detec-lent for drug profiling and appears superior to existing liquid
tion. For this separation, the operating pressure is between 42@bhase techniques for this purpose. The general applicability of
and 9600 psi. The use of automatic UV library searches woulthe described technique to a wide variety of drugs including
facilitate and enhance the specificity of analysis. Mass spectrararcotic analgesics, stimulants, depressants, hallucinogens and
metric detection in combination with PDA UV detection would anabolic steroids was demonstrated.
further enhance specificity of analysis and allow the detection
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