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Abstract-The dopamine (D2) receptor blocking property of antipsychotic medications has been pro- 
posed as the mechanism of the therapeutic activity of this class of drugs. This property has also been 
exploited as a method to quantify therapeutic levels of these drugs in patients. However, the lack of 
correlation among dosage, blood levels and clinical response has resulted in a contradictory literature 
on both mechanism and quantification of these drugs. Bioactivity and chemical identity of the commonly 
prescribed neuroleptic drug fluphenazine and its metabolites in human plasma were determined by a 
new method which combines the selectivity of chemical methods with the sensitivity and bioassay of the 
radioreceptor assay (RRA) method. Pluphenazine and its metabolites were separated and identified in 
human plasma by an ion-pairing reverse phase high performance liquid chromatographic method with 
electrochemical detection. A volatile buffer system was employed which was compatible with facile 
sample preparation for post-column analyses, and which provided sharp, symmetrical chromatographic 
peaks of parent compound and metabolites. Post chromatography, HPLC fractions were assayed by 
RRA for D,, alphai and sigma receptors. More than one pattern of metabolism of the drug was seen, 
including biosynthesis of drug metabolites with biological activities at these receptor types. The individual 
differences with which this occurs may contribute to the variabilities seen in clinical response to 
neuroleptics, and to difficulties in neuroleptic blood level determinations. 

The dopamine theory of schizophrenia is supported 
by the evidence that all clinically used neuroleptics 
are potent antagonists of ligand binding to Dz recep- 
tors, and that the administration of neuroleptics 
increases dopamine levels and levels of dopamine 
receptors. This antagonism by neuroleptic drugs of 
dopamine D2 receptors is central to the dopamine 
theory of schizophrenia. However, neuroleptic drugs 
and their metabolites have been shown to be phar- 
macologically active at several classes of neuro- 
transmitter receptors, including the psychotogenic 
haloperidol-sensitive sigma site [l-9]. Neuroleptics 
have also been shown to increase levels of neuro- 
transmitters and their receptors other than dopa- 
mine [9]. Very recently, clinically efficacious anti- 
psychotics have been developed which do not block 
dopamine receptors or affect dopamine metabolism 
but are potent sigma receptor blockers [lo]. These 
facts provide equally compelling arguments for 
neurochemical disorders of other receptor sites being 
the locus of some or all schizophrenic disorders. 
However, the most reliable point of information 
we have on schizophrenia is that most patients are 
helped by treatment with neuroleptic drugs. This 
suggests that the study of the pharmacological prop- 
erties of these drugs may provide insights into the 
biochemistry of schizophrenia. 

There presently exists a very poor correlation 
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among dosage, blood levels and clinical response 
associated with the use of the antipsychotic neuro- 
leptic drugs [ll-141. This lack of relationship is 
troubling not only in terms of classical pharma- 
cokinetics/pharmacodynamics and hypothesized 
mechanisms of these drugs, but also in relation to 
etiologies of schizophrenia which are based upon this 
proposed therapeutic mechanism. 

The failure to find consistent relationships among 
pharmacokinetic parameters of the neuroleptics may 
also be due to the presence of active metabolites 
with therapeutic or toxic effects which may be 
mediated by activity at other receptor sites 
[l, 2,4,15]. The presence of active metabolites of 
phenothiazines with therapeutic or toxic effects has 
been proposed as a source of error in neuroleptic 
blood level determinations as well as a complicating 
factor in understanding the actions of antipsychotic 
drugs [l, 2, 151. Methodologies previously used for 
neuroleptic blood level determinations have not been 
able to differentiate parent drug and metabolites 
with the requisite sensitivity. The resulting phar- 
macokinetic data then contribute to uncertainties in 
understanding pharmacodynamic properties of these 
drugs. 

At the same time there also exist serious dis- 
crepancies in blood level determinations performed 
using chemical methods (e.g. high performance 
liquid chromatography, gas chromatography) as 
opposed to bioassays (radioreceptor assay, radio- 
immunoassay). These differences are a function of 
the nature of the techniques employed. Chemical 
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methods have had low sensitivity of detection, but 
may unambiguously identify molecular moieties of 
neuroleptics. However, metabolites with therapeutic 
or toxic potential may escape detection by these 
methods, which are directed toward physical detec- 
tion of the parent compound. Radioreceptor assays 
(RRA*) provide a measure of biological activity in 
plasma, but they cannot differentiate the parent drug 
from active metabolites or nonspecific interference, 
nor are they sensitive enough for detection of high- 
potency, low-dose neuroleptics. The RRA for dopa- 
mine receptors of the D2 type is performed most 
frequently for neuroleptic determinations, as this 
receptor has been proposed as the site of action of 
neuroleptics in the treatment of schizophrenia and 
related disorders [ 161. However, neuroleptic metab- 
elites with different potencies and receptor speci- 
ficities may specifically affect quantification of RRA 
results [l, 2, 11,13, 17,181 and, of course, this tech- 
nical strategy will not detect the biological activities 
of neuroleptics or their metabolites which may be 
mediated by other neurotransmitter receptors 
[4,5, 81, Individually, these methodologies are inad- 
equate for the separate identification of parent com- 
pound and active metabolites and the identification 
of the pharmacological activities of these active 
metabolites. 

We have developed a high performance liquid 
chromatographic method resolving fluphenazine 
(FPZ), a commonly prescribed phenothiazine, and 
its metabolites, with selectivity and high sensitivity 
provided by the use of electrochemical detection 
(EC). It offers not only improved resolution but also 
generates clinically applicable information on the 
levels of parent drug and metabolites. The method 
may also be used with other pharmacologically 
related compounds. Fluphenazine and its metab- 
olites in blood samples from patients treated with 
FPZ are separated by HPLC, and the biological 
activities of parent drug and metabolites are deter- 
mined by RRA of the HPLC fractions. Assays for 
Dz and sigma receptor binding are performed on 
HPLC fractions, as actions at these receptors have 
been proposed as mediating the pharmacological 
activities of neuroleptic drugs [6-8, lo]. Data on 
alpha-adrenergic receptor binding assays of HPLC 
fractions of standard injections are also shown, to 
demonstrate the applicability of the method to a 
wide range of receptor types which may mediate 
other effects of these drugs. 

METHODS 

HPLC. A detailed ion-pairing, reverse phase 
HPLC method for phenothiazines has been 
described [19,20], and is briefly outlined in the 
legend of Fig. 1. Sensitivity of the HPLC method 
with electrochemical detection is approximately 
300 fmol [19]. For study of metabolites in blood, 
informed consent was obtained from inpatients 
prescribed oral FPZ. Blood was drawn from 
patients prior to the morning dose of drug, which 
was approximately 12 hr after the last dose. Blood 

* Abbreviations: RRA, radioreceptor assay; EC, elec- 
trochemical detection; and FPZ, fluphenazine. 

(approx. 5 ml) was drawn into a vacuum tube with a 
plasticizer-free cap containing sodium citrate and 
centrifuged at 1000 g for 15 min. Plasma (1 ml) was 
pipetted into a glass screw-top test tube, 1 ml of 
0.5 M K&O3 was added to the tube, and the contents 
were vortexed. Isoamyl alcohol (10ml) was then 
added, and the test tube was shaken for 10 min. 
Nine milliliters of the organic layer was drawn out, 
transferred to a second tube, and evaporated to 
dryness in a Speed-Vat vacuum centrifuge (Savant, 
Farmingdale, NY). The residue was reconstituted in 
1 ml methanol or HPLC buffer, filtered through a l- 
micron cellulose filter, and 10-50~1 was injected 
into the HPLC; the elution of phenothiazines was 
monitored by EC at +850 mV with a glassy carbon 
electrode. For chromatographic studies of fully oxid- 
ized metabolites such as sulfoxides, a dual glassy 
carbon electrode was employed, with the upstream 
electrode at a potential of -800 mV, to reduce these 
metabolites to an oxidizable form for detection. 

HPLCfractions (2 ml) were collected each minute, 
lyophilized, and reconstituted for RRA. This chro- 
matographic method provides baseline resolution of 
these closely related compounds with good peak 
shape. The buffer system is completely volatile and 
may be removed under vacuum prior to post-column 
assays. Several chromatographic runs with elec- 
trochemical detection of each patient plasma sample 
were routinely obtained. Subsequently, chromato- 
graphic runs were made for collection of fractions 
for post-column assays, during which the elec- 
trochemical cell was turned off so as not to generate 
electrochemically oxidized or reduced moieties dur- 
ing the run. Extractions of plasma itself showed 
no evidence of endogenous interfering substances. 
Recoveries of FPZ and metabolites with an isoamyl 
alcohol extraction were essentially complete [ 191. 

Radioreceptor assay. Whole brains from male OM 
rats (for D2 assays) or male Hartley guinea pigs (for 
sigma assays) were homogenized using a glass-Teflon 
homogenizer in 15 vol. of 50 mM Tris-HCl buffer, 
pH 7.4. Binding assays were run in 12 x 75 mm 
polypropylene tubes containing membrane suspen- 
sion, tritiated ligand, unlabeled blocking ligands, 
lyophilized patient plasma or HPLC fraction, and 
buffer in a total volume of 1 ml. [3H]Haloperidol 
(14.6 Ci/mmol; New England Nuclear, Boston, MA) 
was used to label D2 sites in the presence of 10eh M 
(+)-SKF 10,047 (d-N-allylnormetazocine), in a 
buffer of 50 mM Tris-HCl, 120 mM NaCl, 5 mM 
KCI, 2 mM CaCl*, 1 mM MgC12, pH 7.4 [21]. Non- 
specific binding was determined in the presence of 
10m4 M (+)-butaclamol (Research Biochemicals, 
Natick, MA). [3H]Haloperidol binding in the pres- 
ence of spiperone (lo-’ M) was used to label halo- 
peridol-sensitive sigma sites in a 50 mM Tris-HCl 
buffer, pH 7.4 [6-81. Nonspecific binding was deter- 
mined with 1 PM (+)-SKF 10,047. Alpha, sites were 
assayed with [3H]prazosin, with specific binding 
determined with 100 PM phenoxybenzamine HCl, in 
a 50 mM Tris-HCl buffer, pH 7.7 [22]. An aliquot of 
each patient’s plasma, extracted as described above, 
was assayed without HPLC for total binding activity 
along with the fractions comprising the entire chro- 
matographic run. Recovery of binding activity after 
HPLC was essentially quantitative, as individual 
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metabolites could be chromatographed, dried under 
vacuum, and re-chromatographed without significant 
loss (not shown). 

After a 45-min incubation at 25”, the contents of 
each tube was rapidly filtered through Whatman GF/ 
B glass-fiber filters, which were presoaked in 0.1% 
polyethylenimine, followed by washing with ice-cold 
buffer (2 x 10 ml), in a cell harvester apparatus 
(Brandel, Gaithersburg, MD). Filtration was com- 
pleted within 15 sec. The filters were counted in 
10 ml Readisolv after vigorous shaking. Sensitivities 
of all the binding assays were found to be in the low 
nanomolar range. 

RESULTS 

Chromatography of standard injections of FPZ 
and metabolites (600fmol each) are shown (Fig. 
lA), followed by RRA of chromatographic runs of 
the same samples for Dz, alpha,, and sigma receptor 
sites (Fig. 1, ED respectively). Fluphenazine and 
metabolites demonstrated baseline resolution with 
sharp and relatively symmetrical peaks, in a single 
short chromatographic run. Radioreceptor assays of 
these same chromatographic runs provided bioac- 
tivity data for all these compounds at D2 (Fig. lB), 
alpha1 (Fig. 1C) and sigma (Fig. 1D) binding sites. 

This method has been applied to the determination 
of FPZ and its metabolites in the blood of patients 
taking FPZ. Two representative chromatograms of 
patient plasmas are shown. Both patients were 
administered the same dosage (5mg/day, b.i.d., 
p.o.) for approximately 5 days. Plasma from patient 
A appeared to contain FPZ, 8- and 7-hydroxyl-FPZ, 
and the N-oxide metabolite (Fig. 2A). Radioreceptor 
assays of chromatographic fractions of this patient’s 
plasma (Fig. 2, B and C) demonstrated activity at 
Dz receptors of the parent compound as well as of 
the N-oxide, 7-hydroxyl, and to a lesser extent, the 
sulfoxide. The sigma receptor assay of this HPLC 
run indicated the high level of sigma activity of FPZ 
and of several of the metabolites. 

In contrast, patient B (Fig. 3A) had a much higher 
plasma level of FPZ and did not appear to metabolize 
it in the same manner as patient A. Radioreceptor 
assays of chromatographic fractions of the plasma of 

Fig. 1. Representative chromatogram of a standard injec- 
tion of FPZ and metabolites extracted from spiked plasma, 
with subsequent RRA. The mobile phase was 0.15 M for- 
mic acid and 0.01 M dibutvlamine in 50% methanol. DH 
3.2. The flow rate was 2*ml/min, and the column’\;as 
maintained at 40”. The column effluent was first passed over 
a glassy carbon electrode set at a potential of -800 mV, to 
reduce oxidized metabolites. Detection took place at a 
second glassy carbon electrode in series set at a potential of 
+850 mV versus a Ag/AgCl reference electrode. Fractions 
were collected for post-column assays from chromato- 
graphic runs with the electrodes at 0 V potentials, to avoid 
electrochemical reactions in the chromatographic system. 
(A) HPLC-EC of standards. (ED) Radioreceptor assays 
of the chromatographic runs of the same samples: (B) Dz; 
(C) alpha,; (D) sigma. Inhibition of binding by 50% is 
approximately equal to a concentration of competing ligand 

of NO-200 nM. 
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Fig. 2. HPLC-RRA applied to plasma extract of patient 
plasma. Chromatography as in Fig. 1. (A) HPLC-EC of 
patient A plasma. (B and C) Radioreceptor assays of these 

chromatographic runs: (B) D2; (C) sigma. 

patient B (Fig. 3, B and C) reflected this pattern, 
with all the D2 activity in the FPZ peak, except for 
a minor N-oxide component, which could not be 
seen in the HPLC trace. Sigma activity assay of this 
patient’s plasma demonstrated activity attributable 
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Fig. 3. HPLC-RRA applied to plasma extract of patient 
plasma. Chromatography as in Fig. 1. (A) HPLC-EC of 
patient B plasma. (B and C) Radioreceptor assays of these 

chromatographic runs: (B) Dz; (C) sigma. 

to FPZ and, at a much lower level, to FPZ N-oxide. 
Clinically, patient A was considered to have a more 
satisfactory response to medication, while patient B 
demonstrated more sedation on this dose of FPZ. 

DISCUSSION 

This study demonstrates the applicability of this 
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method for the identification of specific metabolites 
of FPZ, many of which have been reported to be 
present in plasma or tissue after administration of 
FPZ [19,20,23-253. Me?h~ologi~ limitations 
inherent in studies of ~~~y~hati~ drug phar- 
macokinetics were mitigated by the combination of 
HPLC with RRA, which provided all the advantages 
of each of these techniques alone, as well as other 
advantages unique to the combined method. 

Both the ‘I-hydroxyI and N-oxide metabolites of 
FPZ demonstrated binding to I&. and alphai sites, 
while the sulfoxide metabolite had little activity (Fig, 
I), as has been noted in part previously [4], Of 
particular interest was the apparent activity of these 
metabolites and the parent compound at the halo- 
peridol-sensitive sigma site, which may mediate the 
psychotomimetic effects of certain opiates, and poss- 
ibly the ~ntipsychoti~ activity of neur~~~p~c drugs 
These met&o&es, and several others, were seen in 
the plasma of some (Fig. 2) but not all (Pig. 3) 
patients taking FEZ. In six other patients in which 
data are not yet complete and whose data are not 
presented in this paper, both the 7hydroxyl and N- 
oxide metabolites were found in plasma. In two out 
of these six patients the 8-hydroxyl metabolite was 
also seen. These data may be of clinical significance 
regarding the contribution of active metabolites to 
both the therapeutic and adverse effects of neuro- 
leptics. 

The use of haloperidol as a ligand in both the 
a, and sigma assays provides both advantages and 
~sad~a~t~ges. ~~o~~dol is relatively unstable for 
use as a radioactively labeied ligand, and its chemical 
decomposition must be monitored carefully. It also 
has a high nonspecific binding which requires the 
appropriate blocking agents. On the other hand, it 
has been used suceessfulIy in radioligand binding 
assays in the past [3,7, g] and as a commonly- 
prescribed antipsychotic drug provides a clinically 
relevant assay of antipsychotic drug levels [‘?I. Other 
ligands for this site may be used, as may ligands for 
other binding sites of interest, e.g. cholinergic and 
opioid. 

Pharmacokinetic parameters such as metabolism 
may be central to the understanding of idiosyncratic 
responses to psychoactive drugs, These i~d~viduai 
variations can affect signj~~n~y patient response to 
the clinical use of the neurolepiic drugs, including 
the phenothi~iues. Drug me~bolism can also make 
quantification of neuroleptic blood levels dif&ult, 
by the production of interfering meta~lit~~ Metab- 
olism may change the total bioav~labil~ty of anti- 
psychotic medicine and afso influence the occurrence 
of adverse effects of the medication Such adverse 
effects may be mediated by drug metabolites active 
at other receptor sites, such as cholinergic or alpha- 
adrenergic receptors [la, 9, 11, 171, 

Post-column analyses of the HPLC fractions such 
as RR4 can provide greater sensitivity than most 
physical methods for the detection of neuroleptics, 
as well as specific information on the bioactivity of 
the parent drug and metabofites. The RRA may be 
utilized to enhance the sensitivity and selectivity 
of detection of the HPLC method. Qu~ti~cation by 
HPLC-EC may be verified by the RRA techniques‘ 
In addition, sampling techniques, drugs or endogen- 

ous substances other than the compound of interest, 
including components of plasma and serum, may 
interfere with the quantification of neuroleptic levels 
by RRA alone /11 ,13,17]. Prior HPLC can serve to 
eliminate interference in the RRA by metabolites, 
other drugs, endogenous substances, serum or 
plasma, and so increase the sens~ti~ty of the post- 
cohmm assays by improving the signal:noise ratio, 
This method may also serve as a rapid screen for 
the biosynthesis of biologically active metabolites of 
~~psy~hot~~ drugs. 

This procedure, which represents a novel com- 
bination of these twa methods, offers the chemical 
specificity of HPLC with the assay of pharma- 
cological activity and sensitivity of RRA. Such 
chemical identity is particularly important in view of 
the possible role of active metabolites of neuro- 
leptics, especially FPZ, in both the therapeutic and 
toxic effects of these drugs [l? 2,4,X5]. This com- 
bination offers ~e~atil~~ as well as a means of intra- 
assay ve~~~tion of peak identity and qu~~~~tio~. 
Prior HPLC with the volatile buffer system employed 
also eliminates nonspecific interference from plasma 
or oiher drugs in subsequent bioassays such as RRA. 
We have the opportunity with this method to identify 
levels of parent drug and active metaboiites at some 
of their putative sites of biological activity. 

It is now clear that neuroleptic drugs and their 
metabolites are pharmacologically active at several 
classes of neurotransmitter receptors [l-10,15]. The 
activities of neuroleptics and their metabolites at 
m~tiple receptor sites may play roles in both the 
therapeutic and toxic actions of these drugs. fdio- 
syncrasy in meta~iism may be a major factor in the 
va~abi~ty in pharma~okineti~ data which appears in 
the literature, Taking into account the presence of 
metabobtes of neuroleptics with therapeutic or toxic 
effects may finaily permit the establishment of con- 
sistent relationships among pharmacokinetic par- 
ameters and clinical efficacies of the neuroleptics. 
The method provides both basic and cIinica1 data, 
offering improved patient care and data supporting 
or questioning specific neurotransmitter receptor 
theories of schizophrenia and antipsychotic drug 
action. 
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