Available online at www.sciencedirect.com
JOURNAL OF
S(HENCE@DIRECT’ PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

P & G
ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 601-607
www.elsevier.com/locate/jpba

Degradation and configurational changes of thioridazine 2-sulfoxide

Cristiane Masetto de GaitéhiAlexandre Souto Martinéz Pierina Sueli Bonafb*

2 Faculdade de Gincias Farmaedticas de Ribead Preto, Universidade dea®™Paulo, 14040-903 Rib&io Preto, Brazil
b Departamento de Bica e Materafica, Faculdade de Filosofia, €ficias e Letras de Ribeio Preto,
Universidade de & Paulo, Ribeiad Preto, Brazil

Received 10 May 2004; received in revised form 24 June 2004; accepted 4 July 2004
Available online 20 August 2004

Abstract

Thioridazine (THD) is a phenothiazine neuroleptic drug used for the treatment of psychiatric disorders. After oral administration THD is
extensively biotransformed to thioridazine 2-sulfone (THD 2,5 @ioridazine 5-sulfoxide (THD 5-SO) and thioridazine 2-sulfoxide (THD
2-S0). THD 2-SO and THD 5-SO have two chiral centres and therefore exist as two diastereoisomeric pairs.

The degradation and epimerization of THD 2-SO in human plasma, buffer and methanolic solutions were studied using an enantioselective
HPLC method. The samples were prepared by liquid—liquid extraction with diethyl ether and the chiral resolution of the enantiomers was carried
out on a Chiralpak AD column using a mobile phase consisting of hexane:ethanol:2-propanol (90:7:3, v/v/v) containing 0.2% diethylamine.
The method was validated and used to study the degradation and epimerization under different conditions of incubation. Our results showed
that both enantiomers were stable at varying temperatures, pH and ionic strengths; however, solubility problems were observed, mainly at pH
8.5. The influence of light on stability was studied using methanolic solutions and degradation and epimerization of the THD 2-SO enantiomers
were observed under UV light of 366 and 254 nm, respectively.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Thioridazine; Thioridazine 2-sulfoxide; Stability; Epimerization; Degradation

1. Introduction Differences observed in the plasma concentrations of
THD and its metabolite enantiomers can be explained due to
Thioridazine (THD), a phenothiazine neuroleptic drug the stereoselective protein binding, distribution volume and
used for the treatment of schizophrenia and other psychiatricmetabolism, the last one been the major factor contributing to
disorderd1], is extensively metabolized by side chain oxi- the expression of stereoselectivity. Pharmacokinetic studies
dation resulting in the formation of thioridazine 2-sulfoxide described in the literature show high enantioselectivity in the
(THD 2-S0) and thioridazine 2-sulfone (THD 2-g&nd by metabolism of THD and important interindividual variability
ring sulfoxidation leading to thioridazine 5-sulfoxide (THD [9,11]. The cited authors also observed that CYP2D6 is appar-
5-S0)[8] (Fig. 1). THD is a chiral drug due to an asymmetric  ently involved in the formation of THD 2-SO and THD 5-SO.
carbon at position 2 in the piperidyl ring and the oxidation of However, this enzyme is not responsible for THD 2-3Q-
ring or side chain sulphur atoms gives rise to an additional mation[11]. In addition, Siccardi and Kama]iL7] studied
chiral centre, therefore, THD 5-SO and THD 2-SO exist in the in vitro stereoselectivity in THD metabolism, observing
the form of two diastereoisomeric pairs of enantiomers, spec- significant differences in the formation of THD metabolites
ified as fast eluting (FE) and slow eluting (SE) according to when one of its enantiomers or racemic mixture was present
their chromatographic behavifir1]. in the incubation mixture.
Until recently only three methods have been described
* Corresponding author. Tel.: +55 16 6024261; fax: +55 16 6332960. 1N the literature for the enantioselective analysis of THD
E-mail addresspsbonato@fcfrp.usp.br (P.S. Bonato). and its metabolites, all of them based on an achiral sepa-
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C[s S 2. Experimental
L (g
CH _CH . .
< N s " N sy 2.1. Standard solutions and chemicals
CH2 ?HZ

CH;, - CH;, Thioridazine 2-sulfoxide was kindly supplied by Novar-
. Chs 3 N tis Pharma AG. (Basel, Switzerland). Stock standard solu-
Q tions were prepared in methanol in the concentration range

of 2-200p.g/ml and stored at —2@C in the absence of light.

Thi(‘;fgi;ine Thiorid;gge;-ssglfoxide The solvents used as mobile phase or in the extraction
( -S0) procedure were of HPLC grade (Merck, Darmstadt, Germany

or EM Science, Gibbstown, NJ, USA). All other chemicals

l i were of analytical grade and were purchased from Merck

(Darmstadt, Germany) or Carlo Erba (Milan, Italy).

S A S
\ 2.2. Instrumentation and chromatographic conditions
NN S/CHS N S//O

éHZ C‘;Hz o’ CHs All experiments were performed using a Shimadzu (Ky-
éHz éHz oto, Japan) liquid chromatography apparatus consisting of
/{ _CH, L cH, an LC 10 AS model solvent pump, a Rheodyne model 7125
J N injector with a 5Qul loop, an SPD-10 A model variable-
wavelength UV detector operating at 262 nm, and a CR6-
Thioridazine S-sulfoxide Thioridazine 2-sulfone A moqlel integrator. The chiral r_esolut|0n pf the THD 2-SO
(THD 5-50) (THD 2-50) enantiomers was carried out using the Chiralpak AD column

(250 mmx 4.6 mm i.d., 1Qum patrticle size, Chiral Tech-
Fig. 1. Thiroidazine metabolism (the chiral centers are indicated by an nologies, Exton, USA) protected with a 4 mm4 mm RP-8
asterisk). endcapped guard column (Merck). The mobile phase was
hexane:ethanol:2-propanol (90:7:3, v/v/v) plus 0.2% diethy-
lamine, at a flow rate of 1 ml/min.
ration followed by a chiral separatid®,7,9] One of the
difficulties in the development and validation of these meth- 2.3. Extraction
ods is the instability of this drug and metabolites under dif-
ferent conditions, mainly when exposed to light. In 1993, Human plasma samples (1 ml) from healthy volunteers
Eap et al.[5] studied the influence of indirect sunlight on were spiked with standard solutions of THD 2-SO (FE) enan-
the stability of THD and its metabolites under different con- tiomers (different concentrations depending on the study).
ditions. The authors observed that the kinetics of degrada-After the addition of 20Qul 4 mol/l sodium hydroxide, 200l
tion was very fast in acidic media for all compounds stud- 4 mg/ml sodium metabisulfite and 4 ml diethyl ether (recently
ied; however, degradation occurred also in neutral media for distilled and tested for peroxides) the extraction was per-
THD 2-SO. formed in a mixer for 1 min. After centrifugation at 1880g
Thus, we have conducted a series of studies to evaluatefor 5 min, exactly 3 ml of organic phases were recovered and
the influence of sample storage conditions on the degradationthe solvent was evaporated under a nitrogen flow; the residues
and racemization of THD and its metabolites. These studieswere dissolved in 10Ql mobile phase, and 501 were in-
were carried out for THD and THD 2-S${19] using an jected into the HPLC system. The extraction procedure was
HPLC enantioselective method and for THD 5-SO using an carried out protecting the solutions from light sources and
enantioselective capillary electrophoresis mefl203. These by maintaining the window blinds closed; in addition, room
studies showed decomposition and/or epimerization mainly temperature was set at 20 in order to prevent solvent evap-
when the sterecisomers of THD and THD 5-SO were exposedoration during sample preparation.
to UV light. Racemization and decomposition of THD 5-SO
diastereoisomers when the samples were exposed to direc2.4. Calibration curves and method validation
sunlight or to a UV lamp have also been reported by Eap et
al.[3]. In the stability assays carried out on plasma samples
To conclude the study on the stability of enantiomers and buffer solutions, the calibration curves used were ob-
of THD and its metabolites, the present paper describestained by analyzing 1.0 ml drug-free human plasma spiked
the development of a method for the analysis of THD 2- with 25ul of rac-THD 2-SO (FE) standard solutions, pre-
SO enantiomers in human plasma and the study of thepared in methanol, at concentrations of 2.0, 4.0, 10.0 and
stability of its stereoisomers under different incubation 50.0ug/ml, resulting in plasma concentrations of 25, 62.5,
conditions. 125 and 625 ng/ml of each enantiomer, respectively. Plots of
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plasma concentrations versus peak height were constructedolved using the Chiralpak AD column and mobile phase
and the linear regression lines were used for determinationof hexane:ethanol:2-propanol (90:7:3, v/v/v) plus 0.2% di-
of enantiomer concentration in plasma samples. ethylamine. After several injections and collections, the sol-
In the evaluation of light stability, the calibrations curves vent was evaporated dry under nitrogen and the residues
were prepared by direct injection @fc-THD 2-SO (FE) so- were dissolved in 2 ml methanol. These solutions were stored
lutions in the mobile phase, in the same concentration range.at —20°C in the absence of light. The relative concen-
Linearity of the method was obtained by preparing tration of these solutions was determined using a calibra-
plasma calibration samples in the concentration range oftion curve of racemic THD 2-SO (FE) not submitted to
25-5000 ng/ml for each enantiomer. The efficiency of the ex- extraction.
traction procedure was evaluated by analysing plasma sam- The stability assays were carried out under different in-
ples f1 = 3) containing THD 2-SO (FE) in the concentration cubation conditions as shown Table 1 In the temperature
range of 25—-625 ng/ml of each enantiomer (25, 62.5, 125 andstudies, drug-free human plasma was spiked with the iso-
625 ng/ml). The concentrations of these samples were deterdated enantiomers of THD 2-SO (FE), whereas to investigate
mined on the basis of a calibration curve obtained with the the stability of enantiomers at differents pH values and ionic
data for the metabolite not submitted to extraction. strength, 2ml of sodium phosphate buffer spiked with the
The precision and accuracy of the method were evaluatedisolated enantiomers was used.
by within-day and between-day assays using plasma samples After the established incubation time, 1 ml aliquots of the
spiked with THD 2-SO (FE) at the concentrations of 62.5 spiked plasma samples were removed and submitted to the
and 625 ng/ml of each enantiomer and the results obtainedextraction procedure. In the case of spiked buffer solutions,
were expressed as relative standard deviations (coefficient ofaliquots of 5Qul were removed and added to tubes containing

variation, CV) and relative error. 1 ml of drug-free human plasma and the extraction procedure
for each experimental point was performed.
2.5. Elution order The plasma extraction procedure was performed in tripli-

cate for each experimental time point and the concentration

The elution order for the THD 2-SO (FE) enantiomers of these spiked samples was determined using a calibration
was established based on the method reported by Eap et aleurve also submitted to the extraction procedure.
[3,5]. Twenty-five microliters of standard methanolic solu- The stability of the THD 2-SO (FE) enantiomers was also
tion of THD 2-SO were transferred to tubes, the solvent was evaluated at two different wavelengths (254 and 366 nm) and
evaporated under nitrogen and the residues were dissolved inysing only visible light. The standard methanolic solution of
the mobile phase and analysed by HPLC using a Chiralpakthe enantiomers were exposed to UV and visible light for sev-
AS column and a mobile phase consisting of hexane:ethanoleral periods of time (energy source at 10 cm from the sample).
(81:19, v/v) containing 0.2% diethylamine, at a flow rate of After exposure to light, the solvent was evaporated dry under
1.0ml/min. The separated enantiomers of THD 2-SO (FE) nitrogen, the residues were dissolved in 100f the mobile
were collected at the end of the column, the solvent was phase and 5@l were injected into the HPLC equipment. To
evaporated and the residues were analysed according to th@letermine the concentration of the enantiomers, a calibration

conditions described in this paper i.e., the residues werecurve was constructed by injecting standard solutions of the
analysed using the Chiralpak AD column and a mobile phase racemic mixture prepared in the mobile phase.

consisting of hexane:ethanol:2-propanol (90:7:3, Vv/vIv)

and 0.2% diethylamine. Under these conditions, the first 2.7. Statistical analysis

enantiomer collected corresponded to the (S)-THD 2-SO

(FE) and the second enantiomer collected corresponded to Statistical analysis of the effect of temperature, pH, ionic

the (R)-THD 2-SO (FE). strength and light was performed by one-way ANOVA with
the level of significance set at= 0.01. If statistically sig-
2.6. Stability studies nificant differences were found, Dunnet’s Test was used for

comparisonto the control time £ 0.05)[15]. The difference
The stability studies were carried out using the isolated between the theoretical concentrations used to fortify plasma
THD 2-SO (FE) enantiomers. The racemic mixture was re- or buffer samples with TDD-2SO and the real concentration

Table 1
Incubation conditions for the stability studies
Temperature pH lonic strength UV and visible light
Concentration (ng/ml) 100.0 100.0 110.0 -
Matrix Plasma Sodium phosphate buffer Sodium phosphate buffer Methanol
Temperature“C) 38, 4 and-20 4 4 25
pH - 5.0,7.0and 8.5 7.0 -
lonic strength (mol/l) - 0.2 0.2,0.5and 1.0 -

Incubation time 0,1, 2,3,7and 10 days 0,1, 2,3,7and 10 days 0,1,2,3,7and 10 days 0,1,2,3,4,5,6,7h
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obtained after chromatographic analysis was assessed using
Student’s-test atw = 0.01. (A) (B)
3 R oussi ] |
. Results and discussion sll g
il o
3.1. Method optimization E ’é g E
w &
As already mentioned, THD 2-SO is a chiral compound § § N
with two chiral centers, and in this case a total of four 3 3
stereoisomers is possible. The standard usedinthis studywas 5 g
amixture of the FE (86%) and SE (14%) pairs of enantiomers, T T
so we initially tried to resolve the fourisomers simultaneanly. 2 2
Using the Ultron ES-OVM column, a protein-based chiral < <
stationary phase, we observed the complete resolution of the
four isomers of THD 2-SO; however, this column was not
selected for our study due to the lack of reproducibility of the
separation. Among the several chiral stationary phases based
on polysaccharide derivatives, the amylose derived phases T

(Chiralpak AD and Chiralpak AS columns) resulted in better o—é"?‘lﬁlﬁlo_ 0 5 10 15 20 25
resolution for THD 2-SO enantiomers than cellulose derived
phase$18] due to difference in higher-order structure: a left-
ha”_deq 3/2and 4/1 hellcal structure for cellulose and amyloseFig. 2. Chromatogram for the enantioselective analysis of THD 2-SO in
derivatives, respectiveljL0]. plasma: (A) drug-free plasma sample; (B) plasma sample spiked with
Using the Chiralpak AD column we obtained only a res- 625ng/ml of each enantiomer. Chromatographic conditions: Chiralpak AD
olution of the pair (S)-THD 2-SO (FE) and (R)-THD 2-SO column; hexane:ethangI:Zpropa‘noI:diethylamine (909:7:3:0.2) as mobile
(FE) whereas the other pair of enantiomers [(S)-THD 2-SO Phase; flowrate 1 mi/min; detection at 262 nm.
(SE) and (R)-THD 2-SO (SE)] eluted with the same reten-
tion time of (R)-THD 2-SO (FE) and (S)-THD 2-SO (FE), producibility in the extraction was only possible when sodium
respectively. metabisulfite was added to prevent analyte oxidation. Typi-
Based on previous results obtained for THD 5-R0], cal chromatograms obtained after the extraction procedure of
we expected an epimerization of (R)-THD 2-SO (FE) to (R)- drug-free plasma and plasma spiked with 625 ng/ml of THD
THD 2-SO (SE) and (S)-THD 2-SO (FE) to (S)-THD 2-SO 2-SO (FE) enantiomers are showrFirg. 2
(SE). As a consequence, the resolution of the four isomers
was not necessary. 3.2. Method validation
The liquid—liquid extraction was used to isolate THD 2-SO
from the plasma matrix. Due to the basic characterof THD 2-  Linear regression analyses were performed by plotting
SO, 200ul of 4.0 mol/l sodium hydroxide were added to the peak height ¥f) versus concentrationx)(of the (S)-THD
plasma samples. Among the several solvents evaluated dur2-SO (FE) and (R)-THD 2-SO (FE) in the concentration
ing optimization of the method, higher extraction efficiency range of 25-5000 ng/ml. Typical correlation coefficients were
was obtained with diethyl ether. In addition, this solvent re- higher than 0.998 for both enantiomers.
sulted in a plasma chromatogram free from endogenous in- Recoveries of about 100% were obtained for both enan-
terferents. During the extraction procedure, special care wastiomers {[able 2. In addition, the coefficients of variation
taken with the sealing of tubes and with room temperature be-were lower than 10%, attesting to the good repeatability of
cause diethyl ether is an extremely volatile solvent. Solvent the extraction proceduf@,12,14]
evaporation during sample workup would introduce errors  The analytical precision of the method was expressed as
because we did not use an internal standard. In addition, re-within- and between-day coefficient of variation (CV, %) and

Time (min)

Table 2

Recovery obtained for the developed method

Concentration (ng/ml) (S)-THD 2-SO (FE) CV (%) (R)-THD 2-SO (FE) CV (%)
25.0 964 57 936 83

62.5 990 45 966 39

125.0 926 02 906 09

625.0 1070 35 1068 6.4

Mean 987 6.2 96.9 73

CV: coefficient of variation.
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Table 3
Precision and accuracy of the analysis of THD 2-SO (FE) enantiomers
Parameters (S)-THD 2-SO (FE) (R)-THD 2-SO (FE)
Within-day precision
Concentration (ng/ml) 647 64388 6311 68275
n 10 10 10 10
CV (%) 41 29 53 30
Between-day precision
Concentration (ng/ml) 623 64147 6555 64454
n 3 3 3 3
CV (%) 31 6.5 36 89
Accuracy
Within-day (%) —0.05 +30 +0.1 +9.2
Between-day (%) +8 +26 +4.9 +31

n: number of determination.

Table 4

Stability of THD 2-SO (FE) enantiomers as a function of pH

Time (days) Concentration (S)-THD 2-SO FE (ng/ml) Concentration (R)-THD 2-SO FE (ng/ml)
pH 5. pH 7. PH 8.3 pH 5. pH 7. pH 8.3

0 69.90 77.61 63.44 58.43 60.78 55.95

1 69.45 72.16 68.14 71.28 70.88 b

2 66.55 71.51 70.32 59.40 79.69 7411

3 71.68 77.19 72.10 72.94 72.09 64.33

7 70.21 86.40 77.86 71.93 73.23 73.85

10 78.87 91.11 88.37 83.00 86.68 80.82

a Statistically significant difference between all values analysed and the theoretical concentration (100 ng/ml) (Sted&nt's
b Lost sample.
¢ Statistically significant difference between incubation and zero time (Dunnet's test).
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Fig. 3. Configurational changes of THD 2-SO (FE) enantiomers at 254 nm wavelength. Chromatographic conditions were the same as in Fig. 2.



606 C.M. de Gaitani et al. / Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 601-607

0,8

S 0,7—-
E;[ :O\O "
N & o]
| byl 51 4
(‘3|-|2 § 04
CH, 2 03
< |

* N/CH3 0,2—_ /

014"

0,0

—T T T T
240 260 280 300 320 340 360 380

(A) (B) Wavelength (nm)
50 -
—e— (S)-THD 2-SO(FE)
404 —o— (R)-THD 2-SO(FE)
< 30
=1
S
¢ .
- * *
EJ 20 . O\."‘.
< e *
10 /o%o
/ T
L J
04 =0
I I i I ! I I I I I
0 1 2 3 4 5 6 7

(€) time (h)

Fig. 4. (A) Molecular structure of thioridazine 2-sulfoxide (THD 2-SO) (the chiral centres are indicated by an asterisk); (B) Electronic spdd¢tiDr2-8O
in methanol; (C) Influence of UV light (366 nm) on stability of THD 2-SO (FE) enantiomers; (*) significant difference with respect to zero fiseder
0.01. Chromatographic conditions were the same as in Fig. 2.

the accuracy of the method was expressed as % relative errorstrengths; however, solubility problems for THD and THD
The within-day 0 = 10) and between-day & 3) precision 2-SG enantiomers were observed, mainly at pH 8.5. THD
and accuracy of the assayaple 3 were determined by an-  and its metabolites are basic compounds and, depending on
alyzing the spiked plasma samples with THD 2-SO (FE) at the pH, they are either in the protonated form or not. When
concentrations of 62.5 and 625 ng/ml. At both concentration pH is increased from 5.0 to 8.5, the non-protonated form is
levels evaluated, the coefficients of variation and relative er- more likely to be present, resulting in a further impairment

ror were below 10%4,14]. of its solubility in the buffer solution.
No degradation or configurational changes of THD 2-SO
3.3. Stability studies were observed for the experiments carried out by changing

the temperature and ionic strength (results not shown). In

Table 4shows the plasma concentrations for THD 2-SO 1993, Eap et a[5] observed a significantly reduction in the
(FE) enantiomers at the three pH values studied as a fuctionpeak area for plasma samples spiked with THD 2-SO but in
of incubation time. Statistical analysis showed that there was that study, the samples were exposed to indirect sunlight.
significant difference between some values analysed at the The stability and configurational changes of THD 2-SO
different periods of time and zero time. In addition, com- €nantiomers when exposed to UV (254 and 366 nm) and vis-
parison of these values with the theoretical concentration ible (fluorescent bulb) light were evaluated using standard
(100 ng/ml) showed a statistically significant difference, for solutions prepared in methanol. The samples were exposed
a = 0.01, for all pH values studied. These results confirm to light for several periods of time and enantiomer concentra-
those obtained in a recent study reported by our group for tion was determined based on the direct injection of standard
THD [8]. In the previous investigation we studied the influ- racemic solutions of each analyte in the mobile phase.
ence of some parameters on stability of THD and THD 2SO Fig. 3shows the degradation profiles and configurational
enantiomers and observed that both enantiomers of THD andchanges of THD 2-SO (FE) when exposed to the action of
THD 2-SO were stable at varying temperatures, pH and ionic uv |ight (254 nm). The degradation was inferred because the
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sum of the peak areas obtained after light exposure was lowemwas observed when the enantiomers of THD 2-SO (FE) were
than the initial area of each enantiomer (i.e., area (S)-THD exposed to 366 nm UV light and degradation and configu-
2-SO (FE) + area (S)-THD 2-SO (SE) after exposure to UV rational changes were observed when the enantiomers were
light < area (S)-THD 2-SO (FE)). However, no extra peaks exposed to 254 nm UV light.
were observed in the chromatogram.

At 366 nm wavelength, only degradation of THD 2-SO
(FE) enantiomers was observellig. 4C). This behavior Acknowledgments
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