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Purpose

The phenothiazines have been prescribed for the
treatment of psychotic patienis in recent years.
These antipsychotic drugs produce improvement in
the mood and behavior of psychotic patients-emo-
tional quieting, psychomotor slowing, decrease of
anxiety and delusions - without causing addiction or
excessive sedation. Chlorpromazine, an aliphatic
phenothiazine, is used most frequently in the treat-
ment of schizophrenia. It is also useful in the
prevention of nausea and vomiting.

There is still controversy on the mode of action of
phenothiazines. The phenothiazines are theorized to
inhibit dopamine sensitive adenylate cyclase activity,
an effect that is probably refated to their blocking ac-
tion on dopamine receptors (1). The phenothiazines
are also thought to predominantly act by blacking the
effective interaction of norepinephrine with its recep-
tors (2).
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Figure 1. Structure of chlorpromazine.

Existing Methods

There is a strong correlation between plasma con-
centrations of phenothiazines and their therapeutic
outcomes. However, the concentrations of
phenothiazines in plasma are quite low, measured in
nanograms per mk, and highly sensitive techniques
are required to assay plasma concenfrations. This
has stimulated great interest in the development of

preliminary notes and applications from Bioanalytical Systems, (nc.
0 Plasma Chlorpromazine Monitoring Therapeutic Levels

(L

O 4 0 4
MINUTES

Figure 2. Spiked plasma extract chromatograms.
(A) 60 ng chlarpromazine injected, corresponds to
120 ng/mL plasma, 20 nAFS. B) 72 ng
chlorpromazine injected, corresponds to 14.4 ng/mL
plasma, 5 nAFS.

assays that can be used on a routine basis to deter-
mine plasma phenothiazine levels. Methodologies
that have evolved include: GC/MS (3), GLC (4),
LCUV (5,6), and LCEC (7). GCMS has the ad-
vantage of measuring low plasma levels (1-5 ng/mL},
however, assays are long and tedious, requiring the
synthesis of derivatives, and the instrumentation is
quite expensive. A GLC method Is described for the
assay of seven phenothiazines; however, the detec-
tion limits were rather high: 50 ng/mL plasma. (4)
An LCUV method demonstrated poor peak symmetry
with severe peak tailing for five phenothiazines. The
detection limits for chlorpromazine were much too
high, determined to be 5.08 pg/mL plasma (5).
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Flgure 3. Hydrodynamic voltammogram of repetitive
60 ng injections of chlorpromazine.

Another LCUV method reported 5-20% recovery of
chlorpromazine (6). An LCEC method is described
by Wallace, et al. for the determination of
promethazine and other phenothiazines. The
recovery of promethazine exceeded 75% from plas-
ma samples, and the detection limits were very good
- 0.2 pg/l, which was based on a sample signal
equivalent to aboul 2% of the fullscale response (7).

The following outlines an analytical protocol for the
determination of chlorpromazine in plasma. The
protocol utilizes liquid chromatography/electrochem-
istry. Following a single extraction into hexane, the
extracls are injected into the LCEC analyzer. The
procedure is a modification of an assay originally
reporied by Wallace, Shimek, Stravchansky, and
Harris (7).

Conditiens

System: LC-154T, BAS 400 or BAS 200

Deteclor: LC-4 or LC-4B

Electrode: Glassy carbon (BAS P/N MF-1000)

Potential: + 0.85 V vs Ag/AgCl

Column: Biophase Octyl, 5 pm, 250 x 4.6 mn (BAS
P/N MF-6032)

Temperalure: 40°C

Mobile Phase: 60% 0.02 M HaPQ4, 40% methanol,
containing 2.5 mM ftridecylamine, pH 2.5. Flow
rate was 1.9 mlL/min.

Sample Preparation

All test fubes, centrifuge tubes, and storage botiles
were surface treated with PROSIL-28 (PCR Re-
search Chemicals, Inc.) an organositane surface
treating agent.

1. To 1.0 mL plasma add 1.0 mL 0.5 M K2COs in
15 mL conical centrifuge tubes. Vortex 5-10

seconds.

2. Add 5.0 mL hexane. Mechanically shake for 15
minutes, centrifuge at 2000 rpm for 5 minutes.

3. Transfer hexane layer to a 5 mL ftest tube.
Evaporate the hexane under a nitrogen stream at
40-45°C to dryness.

4, Reconstitute the residue in 100 plL. mobile phase.

5. Inject 50 plL.
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Figure 4. Linearity of LCEC analyzer for
chlorpromazine standards.




Results and Discussion

Chlorpromazine was quantitated in spiked plasma
specimens. Each chromatogram took appraximately
4 minutes to elute chlorpromazine. Typical
chromatograms obtained are shown in F2.

To determine the optimum potential for the assay of
chlorpromazine, a hydrodynamic voltammogram was
generated by repetiive 60 ng injections of
chlorpromazine. F3 describes the HDV obtained.
The optimum operating potential for this assay was
chosen to be +0.85 V.

F4 describes the linearity of the LCEC Analyzer for
injections over the range of 12-108 ng of
chlorpromazine.

The recovery of this method was determined by
comparing the current reponse of spiked plasma ex-
tracts to that of a standard solution of
chlorpromazine. The percent recovery was calcu-
lated at a concentraton of 120 ng
chlorpromazine/mL. plasma (n=11) and was found to
be 90 + 4.8%. The minimum deteciable concentra-
tion, using a signal-to-noise ratio of 5.1, was deter-
mined to be 0.7 ng injected, corresponding to a con-
centration of 1.4 ng/mL plasma.

The addition of n-tridecylamine to the mobile phase
is crucial for chromatography performance. The et-
fect is dramatic, as can be seen in F5. It may be
that the effect of n-tridecylamine in the mobile phase
is due to an ion-repulsion mechanism.  The
protonated n-tridecylamine adsorbs onto the packing
material and transforms it to an ion exchanger. As
the chlorpromazine travels down the column, its
positive charge repels the positive charge on the n-
tridecylamine thus reducing the capacity factor.

Without n-tridecylamine, the chromatography of
chiorpromazine yields a split peak. This is thought
to be due to hydrogen bonding between
chlorpromazine and exposed silanol groups on the
packing material. The combination of several ill-
defined and transient equilibria is probably the
cause. These include mixing of the injection volume
with the mobile phase and the differences in lonic
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Flgure 5. Chlorpromazine standard, 60 ng injected;
20 nAFS. A} Mobile phase without n-tridecylamine
B) Mobile phase containing 2.5 mM n-tridecylamine.

strength and solvent composition between these two
solutions.

This procedure provides the required precision and
accuracy for assaying large numbers of samples per
day. The detection limits are also sufficiently low to
determine very low (1-10 ng) injectable amount.
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Liquig chromatography/electrochemistry is a highly
useful tool for biomedical research. As with any in-
strumental technique, the precision and accuracy of
the measurement depends on the instrumentation,
the skill and knowledge of the operator and the in-
tegrity of the sample preparation procedure. Use of
these techniques for medical diagnosis and account-
ability for the same rests entirely with the user of this
equipment,
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