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Abstract

A new mode for the FIA method was developed for the estimation of Chlorpromazine
HCI(CPH) in pure and pharmaceutical formulation based on the releasing of the
oxidizing agent sodium persulphate from the body the hydrogel beads leads to
oxidation of drug to pink color product. Homemade FI photometer, single hydrogel
bead and green light emitting diod were used for this application. The optimum
conditions were Iml.min™ flow rate, 100pL injected sample volume, 15sec as purge
time of injected sample volume, 0.5mol.L™ of sodium persulphate that gel bead
soaked in and 3hours of soaking time for hydrogel bead inside sodium persulphate
solution. The linear range for the variation of instrument response with CPH
concentrations was 0.17-0.80mmol.L™", While the limit of detection (L.0.D) was
0.108x10°®M from the stepwise dilution of the minimum concentration in the linear
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range. The correlation coefficient(r) was 0.9945. The method was applied
successfully for the determination of CPH in pharmaceutical preparation, and paired t-
test indicate that there was no significant differences between the new method and the
reported method , so on that base the new method can be used as an alternative
analytical method.

Introduction

Chlorpromazine HCl is a dimethylamine derivative of phenothazine, of a chemical
formula of 2-chloro-10-[-3-(dimethylamino)propyl]phenothiazine
monohydrochloride. It has the following chemical structure (fig(1)(1-3).

Fig(1): Chemical structure of chlorpromazine HCI.

Chlorpromazine HCI occurs as white or slightly creamy white, odorless crystalline
powder which darkness on prolonged exposure to light (4-6). The principal
pharmacological actions of chlorpromazine HCI are psychotropic. It also has a
sedative and antiemetic activity. Chlorpromazine HCI has it's action at all levels on
the central nervous system (CNS),primarily at sub-cortical levels as well as on multi-
organs system(7). Numerous methods are available for the determination of
chlorpromazine HCl,these include spectrophotmetry(8-21), Titrimetry(22-
27),Potentiometry(28), electrochemical sensors(29), conductimetry(30),
voltametry(31) and high-performance liquid chromatography(32).

Three-dimensional super absorption polymers were used as a absorbents for heavy
metal ions from water and other aqueous solution susficialy. Polymer like polyacrylic
acid, polyacryliamide and its derivatives which have functional groups (such as
carboxylic, hydroxyl and amide) can be used as absorbents for metal ions removal via
the interaction between the metal ions and these groups (33). Recently
chlorpromazine HCI was determination spectrophotometrically(34,35) using various
chromogenic reagents.

In this paper polyacrylic acid hydrogel bead was used as a host for the oxidant
(sodium persluphate) for a FIA spectrophotometric method for the determination of
chlorpromazine in aqueous solutions and pharmaceutical formulations.

Experimental

Chemicals
All chemicals used in this project were of analytical grade reagents unless otherwise
stated. Table (1) tabulate the main chemicals used throughout this research work.
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Table (1): The main chemical used throughout this research work

Name Formula Supplier Concentration
(g/100ml)
Sodium
persulphate Na,S,0s BDH 11.9050g
(Imole.L™)
Chlorpromazine C17H20C|2N28 SDI 017769
HCI (5mM)

Gel Bead (Hydrogel)

Gel bead was washed with distilled water. This was repeated with constant change of
distilled water between time to time to insure a complete removal of any salt (if
present) inside gel bead. No problem was met in introducing the gel bead into gel
bead cell housing unit. Figure (2) shows the shape and the geometrical arrangement of
the growth of gel beads until it gain a regular spherical shape.

Figure (2): Variable growth time for gel bead when it's soaked in distilled water
(a) Time of zero time (b) Time lapse of 4hours
(c) Time lapse of 8hours (d) Time lapse of 16hours
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Apparatus

Gel bead cell housing unit (homemade)

Home-made design of gel bead cell housing unit was designed to accept a swollen
gel bead.

Figure (3): Home-made Gel bead cell housing unit

Methodology and reaction manifold design

The reaction manifold system is very simple and it is composed of single manifold as
shown in figure(4); in which distilled water line passes to the gel bead cell unit
containing sodium persulphate solution that was entrapped inside gel bead. Due to
concentration gradient in sodium persulphate solution between the gel bead (solid
phase) and liquid phase, the oxidizing agent solution is released from hydrogel bead
and passes by the effect of carrier stream to injection valve (up church scientific INC)
where the sample is injected. Colored complex is formed and the variation in response
was monitored using home-made Ayah3Sx3-3D solar (Local market) FI photometer
and super bright green light emitting diod (local market) as a radiation source
throughout this work.
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Perstailitic pump

Figure (4): A flow-diagram for the chlorpromazine HCI-Na,S,0g system using
gel bead as a host for sodium persulphate solution

Results and discussion

Spectroscopic study

A study was carried out to scan the colored complex that was produced when
chlorpromazine HCI is reacted with sodium persulphate to form an intense pinkish-
red species. Figure (5) shows the height response of pinkish-red species of newly
developed reaction of chlorpromazine HCI-Na,S;0s using Ayah3Sx3-3D solar FI
photometer at three different light Emitted Diod (LED) [blue(470nm), green(525nm),
and red(635nm)]. A maximum response measured in mV obtained when using the
high intensity green light Emitted diod (525nm) as a radiation source. Therefore, the
super bright green light emitting diod was used throughout this work.
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Figure (5): Response-time profile of the colored complex at three different light
emitting Diod (LED)[blue(470nm),green (525nm) and red(635nm)] using home-
made yah3Sx3-3D-solar FI photometer

Preliminary investigations

A swollen hydrogel bead was immersed into sodium persulphate solution for few
hours, followed by transfer to a beaker containing distilled water. Few drops of
chlorpromazine HCl was added to the same beaker, an oxidation process was
observed followed by the formation of pinkish colored complex indicating that
sodium persulphate solution was absorbed and released to the surrounding solution
that contains chlorpromazine HCI as shown by the formation of colored complex
(fig(6A)). While figure (6B)) illustrate the isolation of the hydrogel bead and the
adsorbed oxidation product on it's surface. Therefore, the gel bead can be used as a
host for the oxidizing agent solution. Thus developing a new method for the
determination of chlorpromazine HCI in pure and pharmaceutical formulations.
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Gel beads

Figure (6): (A) Formation of colored complex due to released Na,S,0g from gel
bead and (B) Isolation of gel bead from the colored solution showing the colored
product adsorbed on it's surface

Efficiency of hydrogel beads

Using the manifold reaction system as mentioned above, a study was carried out to
establish the number of hydrogel bead that is necessary for the entrapment of sodium
persulphate. Separately single and two gel beads that previously immersed inside
sodium persulphate solution (0.7 mole.L™) were placed inside gel bead cell housing
unit. 100pl of chlorpromazine HCI(0.4 mM) and 1.7ml.min™ flow rate were used. The
analysis time when using two hydrogel beads was more than single hydrogel bead as
shown in figure(7A) might be due to dispersion in sample segment and because the
excessive amount of released oxidizing agent . Therefore, the final decision for the
number of gel beads was single hydrogel bead that can be used through out the forth
coming experiments.

The number of injections and repeatability for single hydrogel bead were also
investigated. An increase in the measured responses was obtained for the first five
successive measurements because the difference in oxidizing agent concentration
inside and outside the gel bead, followed by a steady-state response within thirty eight
injections might be due to equilibrium state, then a decrease in the responses was
observed as illustrated in figure (7B). Therefore, all the optimum parameters were
studied at the steady-state of measurements in the next coming experiments.
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Figure (7A): Response-time profile of variable number of hydrogel beads
entrapped inside cell housing unit

Figure (7B): Response-time profile of chlorpromazine HCI-Na,S,0g system
showing a sample of(a) initial, (b) steady-state and (c) end of measurements.
Study of the variables

The physical parameters

A set of experiments were carried out to establish the physical variables through out
this work. A study was conducted to optimize the flow rate ranging 0.5-2ml.min™
were used. Using 100pul as injected sample volume of 0.4 mM chlorpromazine HClI,
twelve seconds as purge time and single hydrogel bead that was immersed in a
previous step inside sodium persluphate solution(0.7mole.L™) for two and half hours.
Figure (8A) shows the kind of response-time profiles. From the obtained results
1ml.min™* gave a higher, more sensitive and lesser base width this might be due at low
flow rates there were an increase in peak base width (Atg) due to the dispersion and
dilution which causes an irregular responses while, at higher speed(> 1 ml.min™),
although the effect of physical parameter was very crucial on the response obtaining
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regular responses and very sharp maxima, therefore a flow rate of 1ml.min™ was
chosen as an optimum flow rate.
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Figure (8A): Response-time profile of variable flow rate using single gel bead

Variable sample volumes ranging from40 to 250ul were also study adopting the same
procedure which comprises the use of 1ml.mi** as flow rate. Table(2) tabulate the
obtained results which shows that there is an increase in the responses up to 100ul
sample volume, while no gain in the obtained responses was observed above 100pul in
spite of the increase in base width of responses( i.e. increase analysis time).
Therefore, a compromise was made between the sensitivity and analysis time leading
to the use of 100ul as the optimum of volume sample.

Table (2): Variation of responses with sample volumes using gel bead mode

Confidence interval of

o 3 Response Average X average response(95%)
o © 7 o
£ E (n=3) Response 5 %) Y itto.0572 Gnet/ v
53 Yi(mv) Yi(mv) e
40 50.5,51.5,51.0 51.00 0.50 0.98 51.00+1.24
72 104.0,103.9,104.5 104.10 032 0.30 104.10+0.79
100 151.0,150.7,151.8 151.16 0.56 0.37 151.16+1.39
180 152.0,151.0,153.0 151.00 1.00 0.66 151.00+2.48
250 152.0,150.0,149.8 150.60 1.21 0.80 150.60+3.00

The purge time of injected sample segment from injection valve was studied at
variable time lapse (3-18seconds) using the achieved parameters. Figure (8B) shows
that more than twelve seconds are required. Therefore, fifteen seconds was chosen as
the optimum purge time. These studies conclude that 1ml.min™ flow rate, 100pl
sample volume and 15seconds as purge time of injected sample volume will be used

through out this work.
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Figure (8B): Effect of variation of allowed permissible time(sec) on the obtained
instrument response(mV) using 100ul of 0.4 mM chlorpromazine HCI

The chemical parameters

A series of experiments were carried out to determine the optimum concentration for
the sodium persulphate solution in the range (0.1-1.0mole.L™) using the optimum
parameters achieved in previous section taking into consideration that single gel bead
was imbedded previously into each of five beakers containing variable concentrations
of aqueous sodium persulphate for two and half hours then transferred to gel bead cell
unit. Table (3) tabulate the results obtained indicating that 0.5mol.L™* was the most
suitable concentration to conduct the oxidation process. Therefore, 0.5mol.L™" was
chosen as optimum concentration in the subsequent work.

Table (3): Effect of variation of enclosed sodium persulphate concentration using
single gel bead imbedded on the response of colored complex

Confidence interval

= Response Average . X of average

8: ”_I (n=3) response 5 9,: response(95%)

Z E Yimv) Yimv) = Yittoosrz Ont/ v
0.1 88.0,88.0,86.0 87.30 115 131 87.30+2.85
0.3 118.0,118.0,120.0 118.60 1.15 0.96 118.60£2.85
0.5 149.0,147.0,148.0 148.00 1.00 0.67 148.00+2.48
0.7 150.3,150.0,149.6 149.96 0.35 0.23 149.96+0.23
1.0 152.0,152.0,151.0 151.60 0.57 0.37 151.60+1.41

The effect of time that is necessary for the swollen gel bead to be immersed inside
sodium persulphate solution before transferring to gel bead cell unit was studied using
the manifold reaction system as mentioned before. 1-4hours were used as a soaking
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time; table (4) lists the average of three successive measurements, indicating that
three hours was the most suitable time giving a constant and enough amount of
released sodium persulphate solution for the measurements.

Table (4): Effect of variation of soaking time of single gel bead inside sodium
persulphate solution on the response of colored complex
Confidence interval

=y 2 Response Average S of average
< §, (n=3) response g g response(95%)
& é Yi(mV) Yi(mv) x Yittoos2 on1f/
1.00 44.0,42.0,42.0 42.6 1.15 271 42.6+2.85
1.30 94.0,94.0,94.0 94.0 0.00 0.00 94.0+0.00
2.00 140.0,139.6,140.4 140.0 0.40 0.28 140.0£0.99
2.30 146.0,145.0,147.0 146.0 1.00 0.68 146.0+2.48
3.00 148.0,148.0,148.0 148.0 0.00 0.00 148.0£0.00
4.00 119.0,120.0,118.0 119.0 1.00 0.84 119.0+2.48

Construction of calibration curve

A series of chlorpromazine HCI solutions ranging from0.00 to 2.00mM were
prepared using all achieved optimum parameters in previous sections. A scatter plot
diagram was carried out between the variations of the obtained responses
chlorpromazine HCI concentrations shows a linear dynamic range from 0.17 to
0.80mM. Figure(9) shows the calibration graph using simple linear equation of form
y=a+bx, while table(5) tabulate the correlation coefficient(C.C), percentage linearity,
straight line equation and the calculated t-value at 95% confidence of 28.71 which
larger than tabulated t-value indicating clearly that the linearity against non-linearity
is accepted.
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Figure (9): Linear calibration graph for the variation of instrument response
versus chlorpromazine HCI concentration using simple linear equation
represented as: response(mV)=intercept+slope[chlorpromazine HCIJmM

Table (5): Summary of calibration graph using first degree equation

= £ < 8
E o Straight line equation '3 o & Calculated £ § g
S S o VYmematsittbist[x] % gL t-value S E <
S s S c 2 S 5 ®
< s E g 8% [t[~/n -2 ° © 2
I c S o O =S
3 3 B a .= N1-r: S 8=
© S
O
0.00-2 0.17-0.8 Y=11.50+5.21 0.9945  98.92 28.71>>2.262

+327.98+11.39[x]

Limit of detection (L.O.D)

The limit of detection of adopted developed method for determination of
chlorpromazine HCI was measured using two different methods ©®. The practical
limit of detection was measured from gradual dilution of minimum concentration in
the calibration range (0.17mM). Table (6) tabulates the limit of detection of
chlorpromazine HCI using two different methods.
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Table (6): The limit of detection of chlorpromazine HCI using the optimum
parameters of FIA-gel bead method

Based on gradual dilution of Based on value
minimum concentration of slope
X=3Sg/slope
0.108x10°M 6.99x10°M

Repeatability

The repeatability of measurements and the efficiency of proposed method was
studied using a randomly selected concentration of chlorpromazine HCI(0.5mM). Six
successive measurements were used for this experiment (table 7). A value of relative
standard deviation of 0.108 indicates clearly the high efficiency of the new adopted
method.

Table (7): The repeatability of six successive measurements at the optimum

parameters
Confidence interval of the
[chlorpromazine Number Average - § average response
HCIJmM of response 9 n (95% confidence)
injection  Yi(mV) o Yittoos/2 Ona/ n
0.5 6 184.60 0.20 0.108 184.60+0.209

The application

Chlorpromazine HCI was determined in the pharmaceutical formulation using the
new developed method under the optimum parameters achieved in previous sections.
The obtained results were compared with quoted value from the manufacturer
company (SDI). Thirteen tablets were weighed, crushed and grinded to a fine powder
(dusty); 2.5mM of chlorpromazine HCI was prepared as stock solution and 1.00ml
was pipetted to each of five 25ml volumetric flasks followed by the addition of
gradual volumes of standard chlorpromazine HCI (0.0, 1.7, 3.4, 5.1, 6.8ml) of 2.5mM
to obtain 0.1, 0.27, 0.44, 0.61, 0.78mM, where the first flask contains zero added
standard chlorpromazine HCI. The obtained results were tabulate in table (8), while
figure (10) shows the calibration graph of standard addition method of
chlorpromazine HCI.
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Table (8): The obtained results for determination of chlorpromazine HCI using
gel bead as a supplier for sodium persulphate solution

Sample Theoretical Practical
Commercial Confidence weight(0.8882mg) content of content of -
name, interval for the equivalent to active active %
Content & average weight 0.1mmole.L™* ingredient at ingredient %
country (95%) of active 95% at 95% é
Ww+1.96 Gn-ll\/; ingredient(Q) n=o0 n=o0
(mg) (mg)
Largcitel 0.3596+0.0102 0.0065 50+0.0014 50.12+0.78  100.24
50mg
SDI
Iraq
300
- > ‘f‘
y =36.92+370.91[Chlorpromazine HCI]mM b2
S 2501 mv ~ prr———
§ 2 ’9;/ ./
p %r=99.78 ]
§ 20071 209988
2 . P2
.
E’ 150 - e
c *
[} s
2 100
7] P e
2 5
50 1=
' .—""; 4.‘ H 1 H
0.1 0 0.1 0.3 0.5 0.7

[Chlorpromazine HCIlmM

Figure (10): The calibration graph of standard addition method for
determination of chlorpromazine HCI using gel bead as a host for sodium
persulphate solution

Paired t-test was used to compare the efficiency of the new developed method for
determination of chlorpromazine HCI with the quoted value at 95% confidence
interval. The obtained results were tabulate in table(8) indicate that there was no
significant difference between the new method and claimed method by the company
as calculated t-value is less than tabulated t-value. On this base the new method can
be used as an alternative analysis method for the determination of chlorpromazine
HCI in pharmaceutical formulation.
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Table (8): Paired t-test for the FIA-gel bead method with quoted value for
determination of chlorpromazine HCI

Practical content(mg)

Z Paired tiap at 95%
S = d X4 On-1 t-test confidence
> % Proposed Quoted (mg) XgJnfony  intervaln-1

s method value

e

1 50.12 50 0.12 0.44 0.639 1.19<<4.303

2 50.03 50 0.03

3 51.18 50 1.18

Conclusions

It could be concluded that the developed method for chlorpromazine assay is simple,
sensitive, relatively precise, and accurate and can be satisfactorily applied to the
analysis of chlorpromazine in bulk and pharmaceutical formulations. The proposed
method was used for the routine analysis of the drug in the quality control.
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