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For the separate development of radioimmunoassay procedures for thioridazine and its two major
active metabolites, mesoridazine and sulforidazine, three haptens, respectively, 2-methylthio-, 2-
methylsulfinyl-, and 2-methylsulfonyl-substituted 10-[2-[1-(2-carboxyethyl)-2-piperidinyllethyl]-10H-
phenothiazine, were synthesized and characterized. Thioridazine hapten was coupled to bovine serum
albumin, whereas the haptens for mesoridazine and sulforidazine were coupled to porcine thyroglob-
ulin. The number of hapten residues per mole of carrier protein was determined in each case by an
ultraviolet spectrophotometric method. Polyclonal antibodies to each hapten—protein conjugate were
obtained in rabbits, and titers of the antisera were checked by evaluating their binding characteristics
to the appropriate tritiated analyte. A hapten for the ring sulfoxide metabolite of thioridazine was also

synthesized.
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INTRODUCTION

The piperidine type phenothiazine antipsychotic agent
thioridazine (1a) (Fig. 1) is extensively biotransformed to nu-
merous metabolites by various routes of metabolism, which
include ring S-oxidation, side-chain S-oxidation, N-dealky-
lation, and aromatic hydroxylation (1,2). The side-chain
sulfoxide and sulfone metabolites produced by S-oxidation
of the 2-thioether group, known, respectively, as mesorida-
zine (1b) and sulforidazine (1c), are themselves marketed as
antipsychotic agents with a reputedly greater potency than
thioridazine. These two metabolites are generally consid-
ered to contribute to the clinical response in patients under
chronic treatment with thioridazine. Thus, in studies at-
tempting to correlate the clinical response of thioridazine
with plasma concentrations, mesoridazine and sulforidazine
should be measured (3,4).

The chemical methods of analysis suitable for the quan-
titation of plasma concentrations of thioridazine, mesorida-
zine, and sulforidazine in patients under chronic treatment
with thioridazine include gas-liquid chromatography (GC)
with flame ionization (4,5) or nitrogen—phosphorus (6) de-
tection and high-performance liquid chromatography
(HPLC) with ultraviolet (UV) (7-9) or electrochemical de-
tection (10). Regarding biological methods of analysis, ra-
dioreceptor assay has been used for the analysis of plasma
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samples from patients administered these drugs (11). Only in
the case of thioridazine has a radioimmunoassay (RIA)
method been reported (12). RIA methods, compared with
chemical methods of analysis, generally require smaller bio-
logical samples and a much simpler preparation, if any, of
the sample for analysis. Also, RIA methods are convenient,
are readily applicable in routine analysis, and are able to
handle large numbers of samples with a short turnaround
time. In the case of the piperidine-type phenothiazine anti-
psychotic agents, the unbound plasma levels may be a better
predictor of the clinical response than the total plasma levels
(13). Since thioridazine, mesoridazine, and sulforidazine are
extensively bound to plasma proteins, an ultrasensitive
method of analysis, such as RIA, is required to measure
their free plasma levels in clinical samples. The only report
(14) on the measurement of free concentrations of thiorida-
zine, mesoridazine, and sulforidazine in samples obtained
from patients under chronic treatment with thioridazine uti-
lized a GC method with electron capture detection and re-
quired the use of large serum samples and tedious sample
preparations.

The published RIA procedure for the determination of
thioridazine was developed by raising antibodies to a conju-
gate obtained from the hapten, N-(3-carboxypropionyl)des-
methylthioridazine (12). However, many of the RIA proce-
dures previously reported from these laboratories for pheno-
thiazine antipsychotic agents and their major metabolites
have been developed from antibodies raised to conjugates
obtained from the N-(2-carboxyethyl)desmethyl analogue of
the particular analyte (15-20). This paper describes the syn-
thesis and characterization of the N-(2-carboxyethyl)des-
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methyl analogues of thioridazine, mesoridazine, and sulfo-
ridazine, the use of protein conjugates of these haptens in
the production of antibodies in rabbits, and the titers of the
antisera. A hapten for the ring sulfoxide metabolite of thio-
ridazine was also obtained as a result of the synthetic inves-
tigations.

MATERIALS AND METHODS

Thioridazine hydrochloride, mesoridazine besylate, and
sulforidazine free base were gifts from Sandoz Pharmaceu-
ticals, Dorval, Canada, and Sandoz Inc., East Hanover, N.J.
The ring sulfoxide metabolites of thioridazine, mesorida-
zine, and sulforidazine were synthesized by modifying a lit-
erature procedure (21). The N-methy! tritiated derivatives of
thioridazine, mesoridazine, and sulforidazine were custom-
made through the Amersham Corporation, Oakville,
Canada. Bovine serum albumin and porcine thyroglobulin
were purchased from Sigma Chemical Co., St. Louis, Mo.
Plastic sheets (E. Merck) precoated with silica gel, with or
without a fluorescent indicator for thin-layer chromatog-
raphy (TLC), and silica gel (60—200 mesh) for column chro-
matography were obtained from Terochem Laboratories
Ltd., Edmonton, Canada, and J. T. Baker Chemical Com-
pany, Phillipsburg, N.J., respectively. All reagents except
methyl acrylate were purchased from Aldrich Chemical Co.,
Milwaukee, Wis. Methyl acrylate was procured from
Eastman Kodak Co., Rochester, N.Y. All solvents were re-
agent and/or HPLC grade and were used without further pu-
rification.

The removal of solvent from crude reaction mixtures
was carried out under reduced pressure using a Buchi Rota-
Vapor, Model RE120, Brinkmann Instruments, Rexdale,
Canada. TLC spots were observed under shortwave UV
light. All the melting points (m.p.) were determined in open
glass capillaries with a Gallenkamp melting-point apparatus
and are uncorrected. Proton magnetic resonance (‘H-NMR)
spectra were determined on a Varian T-60 instrument in
deuteriochloroform with tetramethylsilane as the internal
reference. Low-resolution electron-impact mass spectra
(MS) of probe samples were recorded on a VG Micromass
MMI6F instrument at 70 eV, equipped with a VG 2025 data
system. Peaks <m/z 75 or relative intensity <5% of the base
peak were omitted, except for the base peak and diagnostic
ion and molecular ion peaks. Microanalyses for samples
dried over phosphorus pentoxide at 60°C under reduced
pressure were performed at the Department of Chemistry,
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University of Saskatchewan or Guelph Laboratories,
Guelph, Canada. Quantitative UV spectrophotometry was
performed using a Pye Unicam SP 1700 instrument. Radio-
chemical purity of the N-methyl tritiated compounds was
determined by TLC and HPLC.

For liquid scintillation counting, Ready Solve-MP was
purchased from Beckman Instruments Inc. (Fullerton,
Calif.). The dextran-coated charcoal suspension and various
buffers were prepared in this laboratory. Liquid scintillation
counting was performed in an LKB Rackbeta liquid scintil-
lation counter equipped with an automatic quench compen-
sation (Model 1215).

Synthesis of the Hapten for Thioridazine, 10-[2-[1-(2-
Carboxyethyl)-2-piperidinyl]ethyl]-2-methylthio-10H-pheno-
thiazine (4a). A mixture of 10-[2-(2-piperidinyl)ethyl}-2-
methylthio-10H-phenothiazine (2a) (0.72 g, 2.0 mmol), syn-
thesized in these laboratories (22) [m.p. of the hydrochloride
salt, 208-211°C; lit. (23) m.p., 212-214°C], methyl acrylate
(0.19 g, 2.2 mmol), and absolute methanol (30 ml) was main-
tained under gentle reflux for 24 hr. The solvent and excess
methyl acrylate were removed under reduced pressure. The
resulting oily residue, when chromatographed on a silica gel
column with methanol in chloroform (1:10) as the elution
solvent gave, after evaporation of the solvent, the ester 3a
(0.65 g, 73%) as a pale-yellow oil. 'H NMR: 81.12-1.94
(m,10, piperidine methylene groups, CH,-piperidine), 2.42
(s,3, SCHy), 2.70-3.14 (m,5, CH,CH,-ester, piperidine ring
methine H), 3.64 (s,3, ester CHj3), 3.92 (t,2, CH,-phenothi-
azine), and 6.72-7.24 ppm (m,7, ArH). MS: m/z 442(M* ", 8),
356(7), 272(2), 271(13), 258(18), 245(32), 244(16), 226(8),
198(14), 197(18), 185(13), 184(16), 170(100), 112(8), 111(6),
98(64), and 84(32).

The ester (3a) (0.45 g, 1 mmol) was hydrolyzed by re-
fluxing in methanol (15 ml) with NaOH (0.16 g, 4 mmol) and
water (15 ml) for 2 hr. The methanol was removed under
reduced pressure, and a further 15 ml of water was added.
After washing with ether (3 X 10 ml), the aqueous phase
was adjusted to pH 7.0 with 1 M HCI. The product was then
extracted with methylene chloride (3 X 10 ml) and the dried
MgS0,) extract was evaporated under reduced pressure to
give the desired hapten (0.40 g, 93%) as white scales, m.p.
86-88°C. 'H NMR: 81.32-2.16 (m, 10, piperidine methylene
groups, CH,-piperidine), 2.42(s,3, SCHj;), 2.72-3.24 (m,5,
CH,CH,-acid, piperidine ring methine H), 3.92 (t,2, CH,-
phenothiazine), 6.72-7.24 (m,7, ArH), and 9.30 ppm (s,1,
acid H which exchanges with D,0). MS: m/z 428(M™* ", 2),
356(56), 272(2), 271(3), 258(22), 245(51), 244(18), 226(8),
198(6), 197(12), 185(12), 184(3), 156(4), 112(32), 111(28),
98(6), 84(100), and 72(36). A sample was purified for ele-
mental analysis by column chromatography with silica gel as
adsorbent and a mixture of 1-propanol and chloroform (1:1)
as the eluting solvent.

Anal.—Calcd for C,3HsN,0,S,: C, 64.48; H, 6.58; N,
6.54. Found: C, 64.43; H, 6.54; N, 6.44.

Synthesis of the Hapten for Mesoridazine, 10-{2-[1-(2-
Carboxyethyl) - 2-piperidinyljethyl] - 2-methylsulfinyl-10H-
phenothiazine (4b). The intermediate ester 3b was prepared
from 10-[2-(2-piperidinyl)ethyl]-2-methylsulfinyl-10H-phe-
nothiazine (2b) [synthesized in these laboratories (22); m.p.
of the besylate salt, 146-148°C; lit. (24) m.p., 142-144°C] in
the same manner as described for 3a to yield 75% of a
brown-yellow oil. 'TH NMR: 51.23-2.64 (m,10, piperidine
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methylene groups, CH,-piperidine), 2.70 (s,3, SCH,),
2.80-3.28 (m,5, CH,CH,-ester, piperidine methine H), 3.68
(s,3, ester CH;), 4.00 (¢,2, CH,-phenothiazine), and
6.78-7.42 ppm (m,7, ArH). MS: m/z 458(M* *, 11), 442(2),
372(6), 356(1), 287(1), 274(3), 271(1), 261(5), 260(2), 259(4),
258(4), 245(3), 244(1), 242(1), 198(5), 197(3), 185(3), 184(2),
170(100), 112(4), 111(3), 98(10), and 84(16).

The acid 4b was obtained from 3b by alkaline hydrolysis
in the same manner as described for 4a to yield 85% of pale
yellow scales, m.p. 89-91°C. 'H NMR: §1.32-2.64 (m,10,
piperidine methylene groups, CH,-piperidine), 2.70 (s,3,
SCH,), 2.85-3.36 (m,5, CH,CH,-acid, piperidine methine
H), 4.03 (t,2, CH,-phenothiazine), 6.78-7.42 (m,7, ArH),
and 8.73 ppm (s,1, acid H which exchanges with D,0). MS:
miz 444M+°, 2), 428(3), 372(37), 356(6), 355(9), 288(1),
287(2), 274(8), 261(24), 260(8), 259(14), 258(21), 245(10),
244(10), 242(1), 198(5), 197(6), 185(4), 184(2), 156(26),
112(24), 111(15), 98(16), 84(100), and 72(11). A sample of 4b
for elemental analysis was prepared as for 4a.

Anal. Calcd for C,3HN,05S,: C, 62.13; H, 6.35; N,
6.30. Found: C, 61.44; H, 6.51; N, 6.38.

Synthesis of the Hapten for Sulforidazine, 10-[2-[1-(2-
Carboxyethyl) - 2 - piperidinylethyl]-2-methylsulfonyl-10H-
phenothiazine (4c). The intermediate ester 3¢ was prepared
from 10-[2-(2-piperidinyl)ethyl]-2-methylsulfonyl-10H-phe-
nothiazine (2¢) [synthesized in these laboratories (22); m.p.,
146—148°C] in the same manner as described for 3a to yield
66% of a bright yeltow oil. 'H NMR: 81.06-3.00 (m,15, pi-
peridine methylene groups, CH,-piperidine, piperidine
methine H, CH,CH,-ester), 3.06 (s,3, SCHj), 3.66 (s,3, ester
CH,), 4.05 (t,2, CH,-phenothiazine), and 6.78-7.65 ppm
(m,7, ArH). MS: m/z 474M™ -, 8), 388(7), 304(1), 303(2),
290(5), 277(6), 276(2), 258(2), 198(4), 197(4), 185(1), 184(1),
170(100), 112(6), 111(4), 98(39), and 84(26).

The acid 4c was prepared from 3¢ by alkaline hydrolysis
in the same manner as described for 4a to give 92% of yellow
scales, m.p. 100-102°C. 'H NMR: 81.40-3.00 (m, 15, piperi-
dine methylene groups, CH,-piperidine, piperidine methine
H, CH,CH,-acid), 3.06 (s,3, SCH,), 4.05 (t,2, CH,-phenothi-
azine), 6.78-7.65 (m,7, ArH), and 10.64 ppm (s,1, acid H
which exchanges with D,0). MS: m/z 460(M™* -, 7), 388(74),
304(2), 303(5), 290(25), 277(40), 276(8), 258(7), 198(9),
197(12), 185(2), 184(2), 156(15), 112(43), 111(33), 98(15),
84(100), and 72(25). A sample of 4c for elemental analysis
was prepared as for 4a.

Anal. Caled for C;3H4N,0,S,: C, 59.97; H, 6.13; N,
6.08. Found: C, 59.71, H, 5.73; N, 6.17.

Synthesis of the Hapten for the Ring Sulfoxide Metabo-
lite of Thioridazine, 10-[2-[1-(2-Carboxyethyl)-2-piperi-
dinyllethyl]-2-methylthio-10H-phenothiazine-5-sulfoxide (5).
A solution of 4a (0.43 g, 1 mmol) in 2 M HCI (30 ml) was
added dropwise to a sodium nitrite solution (10%) with con-
tinuous stirring over a period of 30 min, after which the stir-
ring was continued for another 1 hr. The mixture was ex-
tracted with methylene chloride (3 X 10 ml), and the organic
solvent removed under reduced pressure. The deep-orange
glassy residue was dissolved in water, and the solution ad-
justed to pH 7.0 with 1 M NaOH and saturated with solid
NaCl. The product was then extracted with methylene chlo-
ride (3 X 10 ml), and the dried (MgSO,) extract was evapo-
rated under reduced pressure to give 5 (0.38 g, 86%) as
yellow scales, m.p. 96—100°C. 'H NMR: $1.26-2.50 (m, 10,
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piperidine methylene groups, CH,-piperidine), 2.58 (s,3,
SCH,), 2.60-3.32 (m,5, CH,CH,-acid, piperidine ring
methine H), 4.35 (t,2, CH,-phenothiazine), 6.92—-8.00 (m,7,
ArH), and 9.40 (s,1, acid H which exchanges with D,0).
MS: m/z 444(M+ *, 1), 428(1), 427(1), 372(3), 356(14), 355(16),
288(1), 287(1), 274(1), 261(1), 260(6), 259(16), 258(42),
245(15), 244(11), 243(2), 242(1), 226(14), 198(5), 197(3),
185(9), 184(2), 156(1), 112(6), 111(7), 98(3), 84(100), and
72(11). A sample of 5 for elemental analysis was prepared as
for 4a.

Anal. Calcd for C;3HxN,05S,: C, 62.13; H, 6.35; N,
6.30. Found: C, 61.94; H, 6.00; N, 6.18.

Coupling of 4a to Bovine Serum Albumin. Compound
4a was coupled to bovine serum albumin by a modified
mixed anhydride method (15,25,26). Compound 4a (0.22 g,
0.51 mmol) and isobutyl chloroformate (67 pl, 0.51 mmol)
were dissolved in freshly distilled dioxane (4 ml), and the
solution was cooled to 15°C and allowed to stand for 30 min.
The mixture was then slowly added in 0.5-ml aliquots to a
stirred, cooled (4°C) solution of bovine serum albumin (0.58
g, 0.0083 mmol) in a mixture of water (25 ml) and dioxane (8
ml), which had been adjusted to pH 9.3 with 2 M NaOH.
Throughout the addition, the pH was maintained at pH 9.3
with 2 M NaOH. After the addition was complete, the clear
solution was allowed to stand at 4°C for 12 hr with contin-
uous stirring.

The solution was dialyzed at room temperature, initially
every 15 min against bicarbonate buffer (0.2 M, pH 8.0, 3 x
1000 ml) and acetate buffer (0.2 A, pH 5.0, 3 x 1000 ml) and
then, finally, against distilled water continuously for 4 hr.
After lyophilization, the conjugate 6a was obtained as a
white crystalline solid (0.72 g). A blank was prepared in the
same manner but without 4a. The number of hapten residues
coupled per mole of bovine serum albumin was calculated
by the UV method (25,26) to be 31 (6a; n = 31).

The procedure was repeated twice, decreasing by half
the relative amount of bovine serum albumin (0.29 g, 0.0041
mmol) with 4a (0.22 g, 0.51 mmol). These conjugates (0.45 g,
0.48 g) were determined to have 27 and 31 hapten residues
per mole of bovine serum albumin (6a; n = 27, 31).

Coupling of 4b to Porcine Thyroglobulin. Compound 4b
was coupled to porcine thyroglobulin by a modified carbo-
diimide method (27,28). A solution of porcine thyroglobulin
(0.36 g, 0.00053 mmol) in water (20 ml) was added to a solu-
tion of 4b (0.18 g, 0.4 mmol) in water (20 ml). To this mix-
ture, a solution of 1-ethyl-3-(3-dimethylaminopropyl)carbo-
diimide hydrochloride (1.23 g, 6.4 mmol) in 10 ml of water
was added dropwise with stirring, maintaining the pH be-
tween 7.0 and 7.6 by the addition of 0.1 M NaOH. The solu-
tion was allowed to stand for 4 hr at room temperature with
continuous stirring. The solution was first exhaustively dia-
lyzed against phosphate buffer (0.1 M, pH 7.6, 5 x 1000 ml)
containing 0.1% ascorbic acid and then, finally, against dis-
tilled water. After lyophilization, the conjugate was obtained
as a pale-yellow crystalline solid (0.42 g). A blank was pre-
pared by subjecting thyroglobulin to the same coupling con-
ditions but without the hapten. The number of hapten res-
idues per mole of thyroglobulin was calculated by the UV
method (25,26) to be 114 (6b; n = 114).

Coupling of 4c to Porcine Thyroglobulin. Compound 4¢
was coupled to porcine thyroglobulin by a modified carbo-
diimide method (27,28) in the same manner as described for
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the coupling of 4b. Compound 4¢ (0.19 g, 0.4 mmol) and por-
cine thyroglobulin (0.36 g, 0.00053 mmol) gave 0.54 g of the
conjugate 6¢ as yellow crystals, after lyophilization. The
number of hapten residues per mole of porcine thyroglobulin
was calculated by the UV method (25,26) to be 64 (6¢c; n =
64).

Immunization. Each hapten—protein conjugate (4 mg)
was emulsified with sterile normal saline (2.0 ml) and
Freund’s complete adjuvant (GIBCO, Grand Island, N.Y.)
(2.0 ml). Each conjugate was administered to at least three
New Zealand white female rabbits (Animal Resources
Centre, University of Saskatchewan, Saskatoon, Canada)
by the injection of 0.5 ml of the emulsion into each shoulder.
Thereafter, at 2-week intervals, the injections were repeated
with an emulsion prepared as described above, except that
Freund’s complete adjuvant was replaced by Freund’s in-
complete adjuvant. The antiserum titer of each rabbit was
checked by evaluating the binding characteristics with the
appropriate tracer 1 week after the fifth injection, when the
route of administration was changed to intravenous. The in-
travenous injections containing the same dose in 0.25 ml
normal saline were administered through the marginal vein
of the rabbit. In the experience of the authors (15-20), the
selectivity of the antiserum does not change after five immu-
nizations, whereas intravenous boosters at this stage lead to
improved sensitivity with maintained selectivity.

The intravenous doses were repeated every 2 weeks,
and the titers of the antisera checked 1 week after each ad-
ministration. The rabbits which produced antisera of ade-
quate titer (at least 1 in 250) were sacrificed and each anti-
serum was lyophilized and stored at —20°C.

Radioimmunoassay Procedures. All experimental ma-
nipulations were carried out under subdued light. A working
antiserum solution was prepared by dissolving the appro-
priate lyophilized antiserum in phosphate buffer (0.2 M, pH
7.2) at the dilution indicated in Table I. Two hundred micro-
liters of this solution was used in each assay tube.

To each 12 X 75-mm polystyrene tube containing a 200-
pl plasma sample (standard or from a dosed volunteer) was
added 200 pl of phosphate buffer (0.2 M, pH 7.2), and 100 pl
of the appropriate working tracer solution (14,000-18,000

Table I. Rabbit Antiserum Titers of Hapten—Protein Conjugates for
Thioridazine, Mesoridazine, and Sulforidazine¢

Number of Number of
Immunizing positives/number intravenous
antigen® tested boosters Titere

6a, n = 31 1/3 4 1:600 (1)
6a, n = 27 3/4 2 1:3,000 (1)
1:3,500 (2)
6a, n = 31 173 3 1:3,000 (1)
6b, n = 114 4/4 3 1:2,000 (1)
1:4,000 (1)
1:5,500 (1)
1:7,000 (1)
6c, n = 64 4/4 1 1:8,000 (1)
1:9,000 (1)
1:10,000 (2)

a Titer values of 1:250 or less are not recognized.
6 n = the number of hapten residues per moie of protein.
¢ The number of rabbits giving this titer in parentheses.
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cpm). The contents of the tubes were mixed (Vortex) for 10
sec, and the appropriate working antiserum solution was
added. All the additions were carried out in an ice bath. The
contents of each tube were mixed well for 10 sec and incu-
bated under the experimentally determined optimum condi-
tions for the assay (e.g., at 4°C for 2 hr in the case of the
thioridazine RIA procedure). To each of the tubes 1 ml of
cold dextran-coated charcoal suspension was added, then
mixed well, and the tubes were incubated for a suitable time
(e.g., for 20 min in the case of the thioridazine RIA proce-
dure) at 4°C. The mixture was then centrifuged (1720g, 10
min, 4°C) and the supernatant was decanted into a scintilla-
tion vial containing 10 ml of scintillation cocktail, mixed
well, and counted for 5 min.

RESULTS AND DISCUSSION

In order to obtain haptens where a carboxylic acid
group could be coupled to a suitable protein, the structures
of thioridazine, mesoridazine, and sulforidazine were modi-
fied such that in each case, the N-methyl group was replaced
by a N-(2-carboxyethyl) group. The synthetic route to these
three haptens involved treatment of the appropriate N-des-
methyl compound with methyl acrylate and subsequent
treatment of the resultant ester with base (Scheme I). Since
a suitable recrystallization solvent could not be found for
each hapten, samples for elemental analysis were obtained
by purification involving column chromatography. All three
haptens and their methyl esters gave 'H NMR and MS en-
tirely consistent with the assigned structures.

In each case, the MS showed a molecular ion and frag-
mentations which could be rationalized in terms of the
structures of the compounds. Some of the major diagnostic
ions of the MS of all six compounds (3a—c, 4a—c) are shown
in Scheme II, with the origins of the ions indicated in paren-
theses. As reported (17,29) for other B-aminocarboxylic
acids, 4a, 4b, and 4c lose a neutral molecule of acrylic acid
with a transfer of hydrogen, giving prominent ions at m/z
356, 372, and 388, respectively. Also, when the charge re-
sides on the acrylic acid molecule, the ion at m/z 72 is
formed. A similar loss of a neutral methyl acrylate molecule
from the corresponding methyl esters (3a, 3b, 3c) results in
the ions at m/z 356, 372, and 388, respectively. The presence
of ions at m/z 244 (3a, 4a), 260 (3b, 4b), and 276 (3c, 4c) is
due to the cleavage of the N-C bond between the phenothi-
azine ring system and the N-10 side chain, with the charge
being accommodated on the phenothiazine ring system (15). A
similar cleavage with a transfer of hydrogen gives rise to the
ions at m/z 245 (3a, 4a), 261 (3b, 4b), and 277 (3¢, 4¢). The
loss of ‘CH,CH(CH,),NCH,CH,COOCH,; from the esters or
‘CH,CH(CH,),NCH,CH,COOH from the acids leads to the
formation of diagnostic ions at m/z 258, 274, and 290, respec-
tively, arising from the pairs 3a and 4a, 3b and 4b, and 3c
and 4c.

The cleavage of the C—C bond between the N-10 ethyl
side chain and the piperidine ring gives rise to abundant pi-
peridinium ions in the mass spectra of all six compounds. In
fact in the case of the esters (3a, 3b, 3c) the base peak at m/z
170 arises from such a fragmentation; however, in the case
of the acids (4a, 4b, 4¢), likely due to the additional loss of a
neutral acrylic acid moiety, the base peak appears at m/z 84.

Regarding side-chain sulfoxide compounds (3b and 4b),
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Scheme I

associated with the ions retaining the phenothiazine ring was
in each instance a further ion which could be explained in
terms of the facile loss of the sulfoxide oxygen atom, e.g.,
m/z 372 and 356 and m/z 274 and 258.

In early synthetic work, an alternative route to the
hapten for mesoridazine (4b) was investigated, which in-
volved oxidation of the hapten for thioridazine (4a). Selec-
tive oxidation of this molecule is difficult, as readily oxidiz-
able centres include the ring sulfur, side-chain sulfur, and
piperidine nitrogen. Indeed, oxidation of the hapten for thio-
ridazine with hydrogen peroxide as oxidant gave a complex
mixture of products, which proved difficult to separate by
column chromatography. On the other hand, oxidation with
sodium metaperiodate was successful in that the high-reso-
lution 'H NMR spectrum of the crude reaction mixture indi-
cated that the major product was the hapten for mesorida-
zine. However, purification by column chromatography
could not be accomplished due to the coelution of a minor
component of the reaction mixture. The high-resolution 'H
NMR spectrum of the crude reaction mixture indicated that
this minor component was likely a hapten for the ring sulf-
oxide metabolite of thioridazine (5). Since nitrous acid has
been successfully used as a reagent to oxidize thioridazine
selectively to its ring sulfoxide metabolite (21), the hapten
for thioridazine was also treated with the reagent. In fact,
the hapten for the ring sulfoxide metabolite of thioridazine
was isolated in a high yield (86%) and subsequently charac-
terized (elemental analysis, 'H NMR, MS).

A conjugate of this hapten was not prepared at this

stage. Despite the reported inactivity of the ring sulfoxide
metabolite of thioridazine in pharmacological screens for an-
tipsychotic activity (30), the need to raise antibodies to this
metabolite could arise in future studies, because some
workers have reported that thioridazine ring sulfoxide is
present in the plasma of schizophrenic patients at higher
levels in poor responders than good responders to thiorida-
zine (31).

The haptens for thioridazine, mesoridazine, and sulfo-
ridazine were successfully coupled to protein. In the case of
thioridazine, a modified mixed anhydride method (15,25,26)
was used to couple the hapten to bovine serum albumin. The
haptens for mesoridazine and sulforidazine were coupled to
thyroglobulin by a modified carbodiimide method (27,28).
The chemical reactivity of sulfoxide functional groups with
anhydride reagents precludes the use of the mixed anhy-
dride method as the coupling procedure for the hapten for
mesoridazine.

In the initial coupling of the hapten for thioridazine to
bovine serum albumin, 31 hapten residues were coupled to
each mole of bovine serum albumin. In order to investigate
whether the number of hapten residues coupled to 1 mol of
the protein influences the quality of the thioridazine anti-
serum in terms of specificity and sensitivity, two further
coupling experiments were performed where, in comparison
to the initial experiment, the ratio of the amount of hapten to
the amount of bovine serum albumin was increased twofold.
However, for both the latter coupling experiments, the
number of hapten residues found to be coupled per mole of
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bovine serum albumin (n = 27, 31) was similar to that in the
first experiment (n = 31). Porcine thyroglobulin, which was
used as a carrier protein to couple the other two haptens,
has theoretically almost 10 times as many acid binding sites
as bovine serum albumin. In fact, the conjugates for meso-
ridazine and sulforidazine were obtained, respectively, with
114 and 64 of the appropriate hapten residues coupled per
mole of thyroglobulin.

Separate groups of three or four New Zealand white fe-
male rabbits were immunized with each hapten-protein
conjugate, as described under Materials and Methods. The
preliminary asessment of the antisera so produced, together
with the number of intravenous booster shots required, is
presented in Table I. The immunization of each group of
rabbits produced at least one polyclonal antiserum with a
titer value of greater than 1:250. Both bovine serum albumin
and thyroglobulin were successfully used as carrier proteins
in that for each of these proteins, at least one antiserum was
produced with a titer value of at least 1:3000. All those anti-
sera with titers of at least 1:600 for a particular analyte were
examined as to their cross-reactivity according to
Abraham’s criteria (32) with the other two analytes and the
sulfoxide metabolites of thioridazine, mesoridazine, and sul-
foridazine. On the basis of these data the antiserum of each
analyte most suitable for RIA development was subse-
quently chosen. Each selected antiserum showed minimal
cross-reaction with the other two analytes and the actual de-
termined values were as follows: thioridazine antiserum

(1:3000 titer; immunizing antigen 6a; n = 31), 4% mesorida-
zine and sulforidazine; mesoridazine antiserum (1:7000
titer), 1% thioridazine and 4% sulforidazine; and sulforida-
zine antiserum (1:10,000 titer), <1% thioridazine and 2%
mesoridazine. Also, each of the three antisera showed no
significant (<1%) cross-reaction with any of the three sulf-
oxide metabolites. The general RIA procedure developed
from the selected antisera is described in Materials and
Methods.

The further characterization of these three antisera and
the details of each RIA procedure for thioridazine (33),
mesoridazine (34), and sulforidazine (35), which are capable
in each case of quantitating the analyte, respectively, down
to at least 0.4, 0.2, and 0.2 ng/ml using a 200-pl plasma
sample, are separately published elsewhere. These RIA pro-
cedures were compared with HPLC methods by determining
the concentrations of the respective analyte in plasma
samples from five human volunteers over 72 hr after the ad-
ministration of a single 50-mg oral dose of thioridazine hy-
drochloride (33-35). In each case there was a good correla-
tion between the assay values (n = 55) determined by RIA
as compared with HPLC (»2 > 0.91). Furthermore, each of
the three present RIA procedures had sufficient sensitivity
to determine analyte concentrations in all plasma samples (n
= 55) obtained up to 72 hr. The suitability of these proce-
dures for use in relative bioavailability studies and for moni-
toring plasma concentrations in patients, including the free
(protein unbound) levels, is being evaluated.
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