624 1.CGC VOLUME 19 NUMBER 6 JUNE 2001

www.chromatographyonline.com

Analysis of Weak UV-Absorbing
Pharmaceutical Drug Substances
Using CE with Condensation

Nucleation Light-Scattering
Detection

Michelle L. Lytle,

Lars-Erik Magnusson¥,
Wei Guo¥,

John A. Koropchak*, and
Donald S. Risley

Eli Lilly and Co., Lilly Corporate

Center, Drop 6414, Indianapolis,

Indiana 46285

* Department of Chemistry and
Biochemistry, Southern lllinois
University, Carbondale, lllinois
62901

Address correspondence to
M.L. Lytle.

The authors developed new analytical methodology to determine three
pharmaceutical drug substances — LY354740, LY293558, and LY235959 —
using capillary electrophoresis (CE) with condensation nucleation light-
scattering detection. This CE-condensation nucleation light-scattering
detection system can perform trace analysis for these drug substances,
which lack sufficient ultraviolet chromophores. The authors obtained
acceptable levels of precision, linearity, and limit of detection for these
compounds using the CE-condensation nucleation light-scattering

detection system.

n high performance liquid chromatog-
raphy (HPLC), the evaporative light-
scattering detector has been a useful
alternative for applications in which
UV detection is infeasible. Numerous pub-
lished applications demonstrate the applica-
bility of the HPLC-evaporative light-
scattering detection system for the analysis
of phospholipids (1-7); triglycerides, fats,
and fatty acid esters (8—13); carbohydrates
(14,15); synthetic polymers (16); steroids
(17); and amino acids (18). The HPLC—-
evaporative light-scattering detection system
also has been used in pharmaceutical appli-
cations for the determination of impurities,
raw materials, inorganic counterions
(19-23), and small organic molecules,
including the compounds LY293558,
LY235959, and LY354740 (24-26).
Similar application development in this
area using capillary electrophoresis (CE) has
been hindered because of limited options for
commercially available universal detection.
However, condensation nucleation light-
scattering detection (27), which has been
demonstrated as a universal detection system
for flow injection analysis and HPLC
(28,29), has sensitivity advantages compared
with evaporative light-scattering detection
(30) and recently has been introduced for

CE (31,32). Both condensation nucleation
and evaporative light-scattering detection
are based on conversion of the effluent for
the separation to an aerosol and selective
vaporization of the mobile phase, which
leaves the less-volatile analytes behind as dry
particles in the gas phase. With evaporative
light-scattering detection, the average inten-
sity of light scattered by the dry analyte par-
ticles is monitored directly to provide
response. Condensation nucleation light-
scattering detection uses the additional step
of condensation nucleation, which involves
condensation of a saturated vapor onto the
dry particles. The condensed vapor can grow
to droplets that can be 10 wm or larger in
diameter. This process tremendously
enhances the scattering intensity per scatter-
ing site. A recently developed system for CE~
condensation nucleation light-scattering
detection uses an electrospray aerosol source
and neutralizes acrosol particles within a
weak plasma established by a polonium-210
a-emitter. This system has provided high
sensitivity and stable background levels (32).

The objective of our study was to develop
an alternative procedure for determining
pharmaceutical compounds that lack suffi-
cient UV chromophores using CE with con-
densation nucleation light-scattering detec-
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tion. We performed analyses to evaluate this
procedure with respect to linearity, preci-
sion, and limit of detection. LY293558,
1Y235959, and LY354740 were selected as
the test analytes because these chemical enti-
ties lack adequate UV chromophores and,
therefore, require a more-sensitive means of
detection.

Experimental

Chemicals and reagents: We purchased
ammonium acetate from Acros Organics
(Pittsburgh, Pennsylvania). The nitric acid
used was Ultrex II Ultrapure reagent from
J.T. Baker (Phillipsburg, New Jersey). The
acetic acid was purchased from Mallinckrodt
Baker (Paris, Kentucky). Solutions were pre-
pared in water purified by filtration through
a Barnstead NanoPure II water-purification
system (Dubuque, Iowa).

The compounds used for analyses —
2-amino-3-(3-hydroxy-5-methylisoxazol-4-
yl) propionic acid antagonist (LY293558);
(—)-35,4aR,6S,8a5-6-(phosphonomethyl)-
1,2,3,4,4a,5,6,7,8,8a-decahydroiso-
quinoline-3-carboxylic acid antagonist
(LY235959); and (+)-2-aminobicyclo-
(3.1.0)hexane-2,6-dicarboxylic acid agonist
(LY354740) — were synthesized at Eli Lilly
and Co. (Indianapolis, Indiana). Figure 1
shows the structures of these compounds.
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Figure 1: Structures of compounds.

We prepared standard stock solutions by dis-
solving samples in purified water at a con-
centration of approximately 1 mg/mlL.

Apparatus: CE—condensation nucleation
light-scattering detection was performed
using a model 3850 CE apparatus (Isco,
Lincoln, Nebraska). The condensation par-
ticle detection system was a model 3025A
ultrafine condensation particle counter
(TSI, St. Paul, Minnesota) operating in the
low-flow mode (300 cm3®/min aerosol
uptake). We used an in-house-written
BASIC program to transfer data from the
particle counter to a PC computer at 1 Hz
using the serial port. The CE system was
interfaced with the particle counter as shown
in Figure 2.

The capillary was introduced to the 2.5
cm X 1.5 cm spray chamber through a
length of stainless steel tubing terminated
with a stainless steel tee with the perpendic-
ular inlet plugged, as shown in the inset in
Figure 2. A cylindrical flowthrough neutral-
izer (model P-2021SS Nuclecel in-line ion-
izer, NRD Inc., Grand Island, New York)
made of stainless steel was placed directly at
the end of the spray chamber to remove the
charge from the droplets produced by the
electrospray. The neutralizer contained polo-
nium-210 (a-emitter) of 10-mCi activity
with decay creating a weak bipolar plasma.
The negative high voltage necessary for the
electrospray process was applied directly to
the neutralizer at approximately 3 kV by a
series 230 power supply (Bertan Associates
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Inc., Hicksville, New York). The inlet end of
the neutralizer served as the electrospray
electrode. Air, serving as the aerosol carrier
gas, was introduced to the system at 850
mL/min from the bottom of the spray
chamber. The aerosol flow exiting the appa-
ratus was directly introduced into the ultra-
fine condensation particle counter.

The electrospray operation was performed
in the silver-bullet mode (32,33). We used a
microscope to observe the shape of the lig-
uid meniscus formed at the tip of the sepa-
ration capillary, and this observation allowed
good control of the electrospray mode.

The capillaries (Polymicro Technologies
Inc., Phoenix, Arizona) were 28- and 50-pm
i.d. bare silica, approximately 84-cm long
for LY235959 and approximately 52-cm
long for LY293558 and LY354740. The 50-
wm i.d. capillaries were fabricated at the end
as shown in Figure 2. The separation capil-
lary terminus was fabricated by placing the
capillary in a stand in a vertical position with
a small weight attached to the end of the
capillary. The capillary was heated with a
butane torch (type 3A blowpipe, Veriflo
Corp., Richmond, California) until it was
pulled to the desired size. The pulled end of
the capillary, which had been stripped of its
polyimide coating by the heat from the
torch, was painted with a gold paint (OG
805 Premium Gold, Duncan Enterprises,
Fresno, California). The gold paint was
heated using a heat gun to evaporate the sol-
vent and to make the gold bind to the silica.
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Figure 2:
tem. Note that the figure is not drawn to scale.

Schematic diagram of the CE-condensation nucleation light-scattering detection sys-
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The end was cut with a capillary cutter
(Supelco, Bellefonte, Pennsylvania) yielding
an opening of approximately 25 pum i.d.
and 160 pm o.d. Another 15 cm of the cap-
illary was painted with copper paint (Quick
Grid Repair Resin, Loctite Corp., Cleve-
land, Ohio), because it did not require heat-
ing, so the polyimide capillary coating was

not destroyed. The 28-wm i.d. capillaries
were not drawn, but the polyimide at the
tip was burnt away, and the tip subse-
quently was painted with gold, cut, and
treated just as the 50-pm i.d. capillaries.
Electrokinetic injections were performed
for 5 s at 5 kV. We did not control the cap-
illary temperature. The run buffers were
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Figure 3: Typical electropherograms for (a) LY235959, (b) LY293558, and (c) LY354740. Capil-
lary: 360-um o.d., 50-pm i.d.; buffer: 20 mM ammonium acetate in water; injection: 5 kV for 10's;
potential: (a) 17 kV, (b) 14 kV, (c) 14 kV; current: (a) 10 pA, (b) 3 pA, (c) 3 pA.
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10 mM ammonium acetate buffer, adjusted
to pH 4.5 with nitric acid for LY354740,
and we used a 20-kV voltage for separation.
The system used for LY235959 was 20 mM
ammonium acetate (no pH modification)
with a 17-kV voltage for separation. For
1Y293558, we used 10 mM ammonium
acetate, adjusted to pH 4.3 with nitric acid,
with a voltage of 20 kV.

Results and Discussion

Method optimization: The aim of our work
was to develop individual, main component
assays for LY354740, LY293558, and
LY235959 using the CE-condensation
nucleation light-scattering detection sys-
tem. We investigated some conditions with
respect to buffer concentration and pH to
obtain good peak shape and efficient migra-
tion times. The choice of buffers and mod-
ifiers was limited because volatile com-
ponents are adequate
vaporization of the run buffer. We used
ammonium acetate as the run buffer
because of its volatility. We attempted to use
acetic acid for pH modification, but it pro-
duced too much background noise due to
the amount required to achieve the desired
pH. We also considered trifluoroacetic acid
but did not use it because of impurity inter-
ferences, and the ultrapure grade was
unavailable. We chose nitric acid because of
its high purity and volatility.

The smaller inner diameter capillary pro-

necessary for

duced less current and shorter migration
times; however, precision and limits of
detection were compromised because of
smaller amounts of compound being intro-
duced into the capillary. Figure 3 shows typ-
ical electropherograms for each compound.

Linearity: It is common practice to per-
form linearity determinations throughout
the intended operating range of the method
(34). We determined the linearity range for
each compound by injecting five samples in
a 1-200 pg/mL range for LY354740 and
LY293558 and in 0.5-50.0 wg/mL (50-um
i.d. capillary) and 10-100 pg/mL (28-wm
i.d. capillary) ranges for LY235959. The lin-
earity samples were prepared from dilutions
of standard stock solutions of the individual
compounds. Table I shows the linearity data
for LY293558, LY235959, and LY354740.
We obtained correlation coefficients of
0.995 or higher for these compounds,
which demonstrates acceptable linearity for
the ranges tested. It should be noted that we
made no measurements at higher concen-
trations; therefore, the linear range could be
wider than what we specified.
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Limit of detection: The limit of detec-
tion can be defined as the sample concen-
tration that produces a peak with a height
three times the standard deviation (o) of the
baseline noise. It can be calculated from the
slope of the calibration curve (§), according
to the formula:

Limit of detection = 3(a/S) (1]

The limit of detection calculated in this
way henceforth will be called the calculated
limit. Alternatively, the limit of detection
can be expressed as the lowest peak that can
be detected on the system tested. In this
experiment, we reported both the calculated
limits of detection as well as the lowest con-
centration that we actually injected and for
which we detected a peak. Table I lists the
limits of detection for each compound for
these methods. The calculated limits of
detection for LY293558 and LY354740
were 0.063 pg/mL and 0.51 pg/mL,
respectively, and the lowest injected concen-
tration was 1.0 pg/mL in each case. The
calculated limit of detection for LY235959
was 0.082 pg/mL, and the lowest injected
concentration was 0.5 pg/mL. We did not
optimize conditions with respect to sample
concentration and pH, sample injection
voltage, or time. Optimizing these parame-
ters could increase sensitivity, because the
amount of sample introduced onto the cap-
illary is dependent upon these functions.

Precision: We evaluated the precision of
the method by preparing five separate sam-
ple preparations at nominal concentrations
of 50 pg/mL for LY354740 and 1Y293558
and 75 pg/mL for LY235959. We measured
the sample peak areas and peak heights and
determined the relative standard deviation
(RSD) for each system. Because we made
no efforts to enhance precision by increas-
ing the concentration, optimizing the injec-
tion volume, or using an internal standard,
improved RSDs likely are possible, espe-
cially because we used low sample concen-
trations (34).

Table I reports the precision data. We
obtained acceptable precision for peak areas
for LY293558 and LY235959. The preci-
sion was poor for LY354740, but it
improved when we calculated it based upon
peak heights.

Comparison with HPLC-evaporative
light-scattering detection and CE-UV:
LY354740: Recently, Risley and co-workers
(25) reported a swab method using HPLC-
evaporative light-scattering detection for the
determination of LY354740. The limit of
detection using HPLC—evaporative light-

scattering detection was 0.26 pg/mL, and
the CE-condensation nucleation light-
scattering detection calculated limit was
0.51 pg/mL. For this compound, the evap-
orative light-scattering detection system
demonstrated better concentration sensitiv-
ity than condensation nucleation light-
scattering detection. Of course, the greater
than 1000-fold smaller injection volume
with CE means that the mass sensitivity still
is much higher for CE—condensation nucle-
ation light-scattering detection than for
HPLC-evaporative light-scattering detec-
tion. In addition, HPLC-evaporative light-
scattering detection demonstrated better
precision than condensation nucleation
light-scattering detection (0.7% RSD for 10
replicates at 25 wg/mL for evaporative light-
scattering detection and 13.0% RSD for 5
replicates at 50 pg/mL for condensation
nucleation light-scattering detection).

A previous work by Koropchak and co-
workers (30) compared HPLC—evaporative
light-scattering detection and HPLC-
condensation nucleation light-scattering
detection and found that condensation
nucleation light-scattering detection typi-
cally is linear across a wider range than is
evaporative light-scattering detection.

LY235959: Risley and Peterson (24) used
HPLC-evaporative light-scattering detec-
tion to determine related substances in a
LY235959 bulk drug substance. By com-
parison, condensation nucleation light-
scattering detection was much more sensi-
tive for LY235959 than the reported value
for HPLC-evaporative light-scattering
detection, which used a Varex Mark Ila
evaporative light-scattering detector (All-
tech Associates, Inc., Deerfield, Illinois).
The limit of detection using HPLC-
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evaporative light-scattering detection was
100.0 pg/mL, the calculated limit for CE~
condensation nucleation light-scattering
detection was 0.082 pg/mL, and the lowest
injected concentration was 0.5 pg/mL.
Again, the precision using the HPLC—evap-
orative light-scattering detection system was
better (1.3% RSD for five replicates at 300
pg/mL for evaporative light-scattering
detection and 4.8% RSD for five replicates
at 75 pg/mL for condensation nucleation
light-scattering detection).

LY293558: Guisbert and colleagues (26)
reported a chiral assay that used HPLC-
evaporative light-scattering detection for
LY293558. The linear range for the evapo-
rative light-scattering detection system was
2.0-2000.0 pg/mL, and the tested range for
condensation nucleation light-scattering
detection was only 1.0-200.0 pg/mL. The
reported limit of detection for HPLC-
evaporative light-scattering detection was
3.0 wg/mL, and the calculated limit of
detection for CE—condensation nucleation
light-scattering detection was much lower at
0.063 pg/mL. Again, the precision using
the HPLC-evaporative light-scattering
detection system was better (1.4% RSD for
five replicates at 300 pg/mL for HPLC-
evaporative light-scattering detection and
4.9% RSD for five replicates at 50 pg/mL
for condensation nucleation light-scattering
detection). The condensation nucleation
light-scattering detection method could be
optimized with respect to sample concen-
tration and injection time and voltage to
possibly improve the precision of this tech-
nique.

LY293558 also was investigated using
CE with UV detection, with a low wave-
length of 200 nm at which this compound

Table I: Validation data for LY293558, LY354740, and LY235959

Limit of detection 0.063 pg/mL
(5-s injection at
5 kV)

Lowest concentration 1.0 wa/mL

injected

Linearity range 1.0-200.0 pg/mL

Correlation coefficient  0.9968

Precisiont RSD = 4.9%
(50.0 pg/mL;
n=15)

0.51 pg/mL 0.082 p.g/mL
(5-s injection at 5 kV)  (5-s injection at
5 kV)
1.0 wa/mL 0.5 pg/mL

1.0-200.0 pg/mL 0.5-50.0 pg/mL;

10-100 pg/mL*

0.9983 0.9951; 0.9956*
RSD = 13.0%; RSD* = 4.8%
RSD = 4.1% (75.0 pg/mL;
(50.0 pg/mL; n = 5) n =15)

#28-wm capillary.

i Precision calculated based upon peak areas, except for the 4.1% for LY354740, which is based upon peak

height.
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has some absorbance (35). The limit of
detection by CE with UV detection was
2.0 pg/mL, compared with the calculated
0.063 wg/mL (lowest injected 1.0 pg/mL)
condensation nucleation light-
scattering detection. Condensation nucle-
ation light-scattering detection provided
better sensitivity than UV detection for
this compound. We assessed the precision
for the CE-UV assay using five replicates
at 1000.0 wg/mL, which gave an RSD
of 5.9%. The RSD for five replicates
using CE—condensation nucleation light-
scattering detection (at 50 pg/mL) was
4.9%. Condensation nucleation light-
scattering detection showed better precision

than UV for LY293558.

from

Conclusion

We have demonstrated that condensation
nucleation light-scattering detection can be
a novel analytical tool when used with CE.
We achieved good sensitivity and linearity
for trace-level quantitation of three pharma-
ceutical compounds, all of which lacked
sufficient UV chromophores. CE with con-
densation nucleation light-scattering detec-
tion is a promising technique for analytical
chemists, because CE has limited options
for CE detection, especially when analyzing
compounds that lack a chromophore. The
application of this technique should not be
limited to pharmaceutical compounds. We
have determined many other non-UV-
absorbing compounds, including counter-
ions in various matrices, by this technique
within our laboratory.
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