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ABSTRACT. A simple, automated and sensitive reversed flow-injection analysis (rFIA) method for the
determination of chlorpromazine hydrochloride (CLP) in pharmaceutical formulations and human urine samples is
described. The automated method is based on the formation of charge-transfer complex between CLP (donor) with
new reagent (an acceptor) used for the first time namely, 4,4’-tetramethyl-diaminodiphenylmethane (TDM) in the
presence of K,S,05 as an oxidant. An intense blue-colored product, which gave a maximum absorbance at 604
nm, was formed immediately at room temperature. The various chemical and physical conditions that affected the
reaction have been studied. The calibration curve was rectilinear within the concentration range 1-45 pg/mL and
the detection and quantification limits of 0.72 and 2.40 pg/mL respectively with a sample through put of 80
sample/hour. The proposed procedure was applied successfully for the estimation of CLP and the results obtained
were favorably compared with those given by a reference method, and there was no significant difference between
the obtained results, regarding accuracy and precision at the 95% confidence level.
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INTRODUCTION

Chlorpromazine hydrochloride is the most important compound in the large group of
phenothiazine derivatives. It is widely used as antipsychotropic, anticholinergic, and
antihistaminic drug [1]. Like other phenothiazines, it is easily oxidized in acid medium under
the action of various oxidizing agents leading to the formation of intensely colored oxidation
products. The official methods for its determination listed in the British Pharmacopoeia (BP)
and US Pharmacopoeia (USP), consist in the non-aqueous potentiometric titrimetry or
spectrophotometry in the ultraviolet region [2, 3].

Several methods were reported for determination of CLP in dosage forms and biological
samples, these methods involved spectrophotometric methods using several reagents such as
Eriochrome cyanine R [4], Alizarin red S [5], and ferricyanide [6] were reported, but these
methods either required a relatively a complexometric extraction steps [4, 5], or long heating
time [6]. Other methods involved chromatography [7, 8], spectrofluorimetry [9, 10] and
electrochemical methods [11-13]. However, all these methods involve sophisticated and
expensive equipment or solvents and time-consuming. Recently, many reports have been
published about the applications of flow technique for quantitative analysis. The aim of different
kinds of flow injection methods is to analyze the maximum number of samples with a minimum
amount of reagents, sample solution and analysis time [14]. Several flow injection analysis
methods were employed for the determination of chlorpromazine together with spectrophoto-
metry [15, 16], spectrofluorometry [17, 18], and chemiluminescence [19-21]. Some of these
methods either require expensive or unavailable materials.

In the present work, a simple and sensitive double line rFIA-spectrophotometric method is
proposed for the determination of CLP in pure and dosage forms and in spiked urine samples on
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the basis of the charge-transfer reaction between CLP and TDM in the presence of potassium
persulfate that gives blue species.

EXPERIMENTAL
Instrumentation

A digital double beam spectrophotometer Shimadzu UV-VIS 260 type (Shimadzu, Kyoto-
Japan) was used for all the spectral and absorbance measurements of FIA procedures. The
absorbance measurements were carried out using 1 cm path length of quartz flow matched cells
(Cecil, 50 pL internal volume). A peristaltic pump of six channels (Ismatec, Labortechnik-
Analytic, type CH-8152, Glatbrugg Zurich-Switzerland) used for pumping the solutions of
reagents. A 6-ways injection valve with different loops (Rheodyne, Altex 210, Supelco, USA)
was used for injected samples. A flexible vinyl tubing (0.8 mm i.d.) was used for the peristaltic
pump, while tubes of Teflon material with an internal diameter of 0.5 mm was used at different
lengths of reaction coil (RC). A double configuration flow-injection manifold is schematically
shown in Figure 1. TDM was injected through the injection valve into a flowing stream
propelled by the peristaltic pump containing potassium persulfate solution then mixed with the
second stream that passes the drug. The solutions were mixed in reaction coil and the
absorbance of the product was measured at 604 nm.

TDM

Figure 1. Manifold employed for a double line rFIA-Spectrophotometric determination of CLP
by reaction with TDM in the presence of K,S,0q, where: 1.V, injection valve; R.C,
reaction coil; P, peristaltic pump; F.C, flow cell; D, detector; W, waste.

Reagents and materials

The reagents grade materials were used throughout this work. Chlorpromazine hydrochloride
(CLP), the working standard (purity of 99.9%), was kindly supplied by the State Company for
Drug Industries and Medical Appliances (SDI), Samarra, Irag. Two generic versions each
contains CLP as its active constituent (Largactil ®, 25 mg and 100 mg, Aleppo, Syria) were
obtained from local markets. 4,4’-tetramethyl-diaminodiphenylmethane (TDM), potassium
persulfate (BDH) were used as received.

Chlorpromazine hydrochloride. A standard stock solution of 250 pg/mL chlorpromazine
hydrochloride was prepared in 100 mL distilled water. The solution was kept in an amber-
colored bottle and stored in a refrigerator. Working solutions were prepared by appropriate
dilutions of the stock solution with distilled water.

4,4 -Tetramethyl-diaminodiphenylmethane (TDM). The stock solution of 0.005 M of TDM
reagent (M.wt. 254.38 g/mol) was prepared by dissolving 0.1272 g of the reagent in 100 mL of
ethanol. More dilute solutions were obtained from dilution using the same solvent.

Potassium persulfate. A stock solution of 0.5 M was prepared by dissolving 13.516 g of

potassium persulfate (M.wt. 270.32 g/mol) in the appropriate amount of warm water and made
up to 100 mL with water. The working solution was prepared by dilution with distilled water.
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General FIA procedure

Working solutions of CLP in the range of 1-45 pg/mL were prepared from stock solution. A 100
uL portion of 0.002 M of TDM was injected through the injection valve into the stream of 0.07
M potassium persulfate solution then mixed with a stream of 10 ug/mL of CLP; the streams
were propelled by peristaltic pump with total flow rate of 3.56 mL/min (Figure 1). The solutions
were mixed in reaction coil of 50 cm and then the absorbance of blue product was measured at
604 nm and a calibration graph was plotted over the range cited above. Alternatively, the
corresponding regression equation was derived. Optimization of conditions was carried out
using 10 pg/mL of CLP.

Procedure for the preparation of solutions of tablets

Tablets were accurately weighted and finely powdered. A specific amount of the powder
equivalent to 0.025 g of the pure drug, was transferred into a 100 mL calibrated flask, then
dissolved with distilled water and completed to mark with the same solvent to obtain final
concentration of 250 pg/mL. The flask with its contents was shacked well and filtered. Further
appropriate solutions of pharmaceutical preparations were made by simple dilution using
distilled water. The proposed method was then applied. The nominal content of the tablets was
calculated using the regression equation obtained from previously plotted calibration graph.

Spiked urine samples preparation

Urine samples were collected from healthy volunteers and kept frozen until use after gentle
thawing. The spiked urine samples were prepared according to previous published work [22] by
dissolving of 6.25 mg of standard CLP in 5 mL distilled water. Subsequently a 12.5 mL aliquot
of urine was transferred into 25 mL volumetric flask and diluted with distilled water to attain a
concentration of 250 pug/mL of the spiked CLP. Blank solution was prepared simultaneously.
Further appropriate solutions for rFIA procedure were made by simple dilution using distilled
water. The nominal content of the samples were calculated using the corresponding regression
equation.

RESULTS AND DISCUSSION
Absorption spectra
This study examined the parameters affecting mainly the sensitivity and stability of the colored
product resulting from the charge-transfer complexation between CLP and TDM in the presence
of K;,S,05. The effect of the chemical and physical parameters was studied by changing one
parameter at a time and keeping the others fixed. Figure 2 represents the absorption spectrum of
the reaction product of CLP with TDM under the optimized reaction conditions.

Optimization of the FIA system conditions

Initial studies were directed towards the optimization of the experimental conditions for FIA
system.

Effect of the chemicals and physical variables

Effect of chemical variable (concentration of reagent and oxidant) and the physical parameters
like the flow rate, length of reaction coil and the injected volume were studied.
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Figure 2. Absorption spectrum of the reaction product CLP (25 pg/ml) with TDM/K,S,Og.

Effect of reagent and oxidant

Optimum concentration of the reagent (TDM) was studied by injecting different concentrations
(from 1 to 5 mM) using injection valve. The results in (Figure 3a) indicated that the 2 mM gave
the highest value of absorbance and good repeatability Because TDM is used as an acceptor, an
equivalent concentration of this reagent was used and for this reason 2 mM was chosen.

K,S,04 found to be a useful oxidizing agent for charge transfer reaction, other oxidants like
NalO,, KIO;, FeCl; and Ce(SO,), have also been tested, but there was no reaction obtained with
these oxidants. Different concentrations of K,S,0g were also studied in the range of 0.01 to 0.2
M. Figure 3b referred to increase the value of absorbance with increasing the concentrations of
oxidant up to 0.07 M and after this concentration the value of absorbance decreased. As a result,
0.07 M was chosen for the subsequent experiments.
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Figure 3. Effect of (a) concentration of TDM and (b) concentration of K,S,0g on the absorbance
of reaction product.
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Effect of reaction coil length and injected volume

Optimum length of reaction coil was studied in range of 10-100 cm. An acceptable repeatability
with best absorbance value was gained from the length of 50 cm. Absorbance decreased upon
using a coil length of more than 50 cm (Figure 4a), this may be due to increased sample dilution
and dispersion [23], consequently the 50 cm length was chosen as optimum one.

Also various volumes of injector loop were tested in this study. Effect of injected reagent
volume was studied in the range of 75-200 puL. The values of absorbance increased with the
increase of the injected volumes up to 100 puL and then decreased. Therefore, a 100 uL was used
in the next experiments (Figure 4b).
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Figure 4. Effect of (a) length of reaction coil and (b) injected sample volume on the absorbance
of reaction product.

Effect of optimum total flow rate

As mentioned previously, the sensitivity and sampling rate robustly depends on the value of
flow rate. Optimum flow rate was studied using a range of rates ranging from 2.13 to 4.76
mL/min. Figure 5 demonstrates that a flow rate of 3.56 mL/min gave the highest absorbance
value. The adopted reaction is preferred a high flow rate, because of its highly instability, and
the flow rate more than 3.56 mL/min caused a decreased in absorbance because of the
dispersion of sample zone, so it was selected throughout the method.
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Figure 5. Effect of total flow rate.
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Selected optimum conditions
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All the previous optimum values obtained from studies the chemical and physical variables on
the reaction applied in rFIA system are summarized in Table 1.

Table 1. Optimum conditions.

Variables Conc. of TDM Conc. of Reaction coil | Sample volume Flow rate

(mM) K>S,05 (M) (cm) (uL) (mL/min)

Studied range 1-5 0.01-0.2 0-100 75-200 2.13-4.76
Optimum value 2 0.07 50 100 3.56

Sampling rate and dispersion of zone

After optimizing all the manifold variables, and under these conditions, the sampling rate was
calculated depending on time required from the injected reagent to reach to maximum
absorbance (this time was found to be 30 s) in addition to 15 s required for elution the zone, so
the sampling rate was 80 sample/ hour for the proposed rFIA method.

Dispersion value was calculated using optimum conditions (Table 1) by comparing the
signal obtained from ordinary injection with that of three streams flow system.

In the first stream, TDM of 0.002 M is ejected through a stream (rather than injected) and
the second stream containing 10 pg/mL of CLP, and the third a 0.07 M of potassium persulfate
(a continuous absorbance (A,) was obtained). In another experiment, the same concentration of
TDM was injected via injection valve and then absorbance was measured (A,,.,). The obtained
dispersion value (D = Aj/Ap.; D =0.45/0.36 = 1.25) indicated that the dispersion is limited.

Method validation

The linearity of the calibration graph for present method was obtained by injecting a series of
solutions of CLP (1-45 ng/mL) prepared from stock solution. A portion of TDM (100 pL of
0.002 M) was injected into the stream of K,S,0g solution (0.07 M and flow rate of 3.56

mL/min) and at 604 nm the absorbance of the blue dye was measured as summarized in Table 2.

Table 2. Summary of optical characteristics.

Parameter Value
Amax (NM) 604
Regression equation Absorbance = 0.0185 x Concentration + 0.1589
Dynamic range (ug/mL) 1-45
Slope, b (mL/pg) 0.0185
Intercept, a 0.1589
Correlation coefficient (R) 0.9993
Percentage linearity, % r° 99.86
Standard deviation of residuals (Sy/x) 1.15x107
Standard deviation of slope (Sy) 2.35x10"
Standard deviation of intercept (S.) 5.98x10~
Sample through-put (hr™) 80

LOD* (ug/mL) 0.72
LOQ** (ug/mL) 2.40

*LOD = 3xstandard deviation of blank absorbance for 10 readings /slope. **LOQ = 10xstandard deviation of
blank absorbance for 10 readings /slope.
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Study of interferences

In order to examine the selectivity of the method, the interference likely to be introduced from
excipients was studied. A sample of pure CLP (10.0 nug/mL) spiked with 10-fold excess
concentration of selected three excipients were analyzed. The acceptable recovery values (98.4-
99.7%) demonstrated that, there were no interferences during the determination of CLP using
proposed rFIA method.

Stoichiometry of product and proposed mechanism

The stoichiometry of product was studied using mole ratio method [24]. In mole ratio method
(using optimum conditions) a stream was passed through the flow system, containing variable
concentration of TDM (5x10°-5x10* M) and constant concentration of CLP (2x10™* M). The
results obtained show that a 1:1 (TDM:CLP) was formed.

Generally the interactions between electron donors and acceptors are related to formation of
intensely colored charge transfer complexes absorb radiation in the visible region [25, 26]. The
literature reported two methods based on charge transfer reaction for determination CLP as
n-donor (from methylated nitrogen atom) with tetracyanoethylene, 7,7,8,8-tetracyanoquino-
dimethane [27] and xanthine dyes (fluorescein and erythrosin) [28] as acceptors. In addition it
was previously reported that TDM reagent can be oxidized to unstable (CH;),N" = (C¢H,)=CH-
(CsHy)-N(CH3), [29-31]. The reaction product manually is not stable and therefore a FIA
method was adopted. Depending on previous reports, the proposed mechanism may be
postulated as shown in Scheme 1.

s CH; CH;
\ /
N N
JHCL + H,e “\CH,
o
Cl ’|“

CH,CH,CH,NH(CH 5),
CLP TDM
K,$,05

o
N

al | J cH, /CH3
CH,CH,CH,NH(CH 5), @\N N

H,¢~ “SCH;

Scheme 1. Proposed reaction mechanism.
Application of the proposed method using pharmaceutical and urine samples
Two types of tablets containing CLP were analyzed under proposed method after preparing the

solution of these tablets as mentioned in the previous sections. The proposed rFIA method was

Bull. Chem. Soc. Ethiop. 2019, 33(1)



18 Fathalla Belal et al.

successfully applied for estimation CLP in tablets by the analysis of two different concentrations
of two types of CLP tablets and the results are listed in Table 3.

In the direction of assessing the proficiency of the method, the obtained results were
compared with those obtained upon applying standard USP method UV spectrophotometric
method (Table 3). The statistical comparison between proposed and official methods using the
student t- and F-test [32] indicated that the calculated values were less than the theoretical one,
which referred to insignificant difference between both methods regarding accuracy and
repeatability.

Table 3. Application of the proposed rFIA and official methods for estimation of CLP in tablets.

rFIA method Official method [UV]
Dosage form | Taken conc. Found Recovery Mean RSD Taken Found Recovery Mean RSD
(ug/mL) conc. %)’ Rec. %)" conc. conc. % )b Rec. % )b
(ng/mL) (%) (ng/ml) | (ug/mL) (%)
Largactil ® 20.0 20.1 100.5 0.29 50.0 50.7 101.4 0.44
Tablets 100.9 60.0 60.9 101.5 |[101.2] 0.40
@5mgftablery| 300 304 | 1013 069 =60 1 705 | 1007 027
Largactil ® 20.0 19.5 97.5 0.30 50.0 50.1 100.2 0.21
Tablets (100 99.3 60.0 60.2 100.3 | 100.2] 0.10
mg/tablet) 300 3031 101.0 049 =00 T 701 | 100.1 0.24
Pure CLP 99.2 99.6
t (2.78)° 0.59 _ _ _
F (19.0)° 162 n=1)=2,(m-1)=2, (ny+n,—2)=4

a) Average of five determinations; b) Average of three determinations; c) theoretical value.

Analysis of CLP in urine sample

The proposed method was further applied effectively for estimation of CLP in spiked human
urine sample. Two different concentration levels (30 and 40 pg/mL) were tested for accuracy
and precision. Each concentration was analyzed thrice. Acceptable accuracy and precision for

urine samples were observed (Table 4).

Table 4. Application of the proposed rFIA method for analysis of CLP in spiked urine samples.

Sample Added Conc.(pg/mL) Found Conc. (ng/mL) Recovery (%)* RSD (%)*
1 30.0 28.9 96.3 0.67
2 40.0 37.8 94.5 0.68

*Average of three determinations.

CONCLUSION

A few FIA methods were reported for determination of CLP, and most of these methods, were
either not sufficiently sensitive or complicated and need expensive instrumentation. From a
simple comparison between the proposed method and reported flow injection methods it is
evident that the proposed method is characterized by a wider calibration range, high sampling
rate. Moreover it was carried out in aqueous medium and did not require any sample pre-
treatment or conversion.
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