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ABSTRACT

Various formmlations of chlorpromazme (CPZ) are commg out in the market m combmation with
different excipients. Although a few high-performance liquud chromatography (HPLC) methods were m
action, they were not able to separate in a short time with low cost and easily available mobile phases
without affecting the drug components. The main objective of the present study was to develop a new
sunple HPLC method for identification and quantification of CPZ and its degradation products w tablets
and formulations. The advantage ofthe developed HPLC method was that it was simple isocratic method
without usmg any complicated mobile phase. It was lughly sensitive and would be applied to the
oxmative degradation studies of CPZ HC] for monttoring the quality of CPZ HC] during storage. It could
be applicable to different dervatives and metabolites of CPZ and its formulations as well as to other
fornmilations with different new excipients.
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INTRODUCTION

Chlorpromazme (CPZ). a propvlammo phencthiazme compound. acts as an antagomst of
dopammne-2 receptor’. It 1s sold as a typical antipsvehotic drug under the trade nmmes Largactil® and
Thorazine®. E‘h]mprmmuiue HC1 (CPZHCl) has an aliphatic side chain typical for low to middle
potency neuroleptics’, Currenthy, spectrophotometric/titrimetric methods are used for assay of CPZ m
various formlations, while the purity s checked by thin-laver Ltnl::-mc}lugﬂphy Nowadays liguid
chrompatography has been developed a lot and researchers are applying #f for purification, identification
and quantification using octadecyl’, octyl™ and C=N phases®, Figure 1 shows the chemical struciure of
chlorpromazine hvdrochloride.

The degradation of CPZHC] with smgle actrve phammaceutical mgredient (API) a.ud its
metabolites m alkaline mobile media restricts uses of alkaline mobile phases for separation studies"’, The
present study fended to develop a smitable method which woulkd be able to monitor the oxidative
degradation products of CPZ HC1 along with different super disintegiants.

There were many HPLC methods available for the determmation of CPZ m the ppb range m
human blood plasma®". Chlorpromazine HCl was studied with different analvtical instrumental methods
mn combnation drogs/ formulations and oral doses with preservatives or without preservatives. Different
tvpes of excipients/placeboes were also used during the preparation of tablets™, But i the presemt study
a new excipient was nsed for the preparation of tablets. So majority of the published HPLC methods were
not able to Ot ow study of oxidative degradation products of CPZ with a new excipilent (super
dismtegrant) m tablet dosage form.

Chlorpromazime, a basic compound, typically shows poor clromatographic behavior resulting m
beoad, taillmg peaks when analyzed by reversed phase HPLC (RP-HPLC). Various mobile phase
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modifiers, such as short-chamed amines, decylaming, trethylamine and won-pair réagents have been used
to obtain acceptable chromatograms'™™. The formulation got degraded with storage into some degradants
and other components. Methyiparaben and propylparaben have been used as preservanives n CPZ.HCI in
a liquid oral pharmacentical formmlation. Although on-pawr agents were added to mobile phase to
improve the peak shape of CPZ during assav of the active component and preservatives m CPZHC] oral
solution using HPLC, retention time of CPZ was increased substantially'”, Alkaline sohitions woull
canse the drug o oXidize, Keeping in mind all theses difficulties the following objectives were taken to
fulfill the goal of the present study.

The objectives of the present study were 1) to develop a new sunple, specific, precise and accurate
HPLC method. i) to validation of the developed method as per ICH sndelmes. 1) to carmy degradation
studies of CPZ.HCL ) to study the effects of oxidative degradation processes of excipients {used here as
super dsintegrants) on CPZ.HC1 and v) to assess its suitability for formulation.

MATERIALS AND METHODS
Chemicals

LUSP reference standards acdisol (FMUC polymer). polyplasdone XL (ISP), chlorpromazime HCI
{(Emco laboratory) were used for validation. HPLC grade (Qualigens) mobile phases, Milli-(} water and
all other reagents of analytical grade were used. The buffer was prepared by dissolving 2.72g of
potassinm dibydrogenonthophosphate and Sml triethylamine (TEA) in 1 liter and pH was adjusted to 3.1
with vrtho phosphoric ackl. The mobile phase consisted of buffer and acetonitrile i the ratio of 65:35.
Amber glassware was used for all samples and standard preparations.
Instrumentations

A HPLC system (Model 2685, WATERS, Milliford - TUSA) consisting of a pnenmatic pumgp, a
degasser, column heater, an auto mjector and a photo diode array detector 2996 was controlled by
computer and empower software, The column Zorbax extended Cyg colunm (250 x 4.6 mm. Spum, 10 A°
(Agilents, Santa Clara, USA) was used. The stability study of chlorpromazine hydrechlonide was
undertaken to test its stability with super dismtegrants umder threée different conditions 23°C/%60% RH.
30°C/65% RH and 40°C/735% RH stability chamber. Hardness, thickness, diameter were checked by
using Inkarp Pharma tester. Disintegration and friability were tested by using Erweka manufacturer
aApparatus,
Analvtical methods

HPLC Method validation was carried out as per ICH protocol'®. The terms selectivity and
specificity are often vsed mterchangeably. The selectivity of an analytical method was tested by
comparing results of samples comtaining unpurities with the results of samples without impurites.
Precision of the developed method was the degree of agreement among individual test resulis when the
procedure was applied repeatedly to multiple samplings. It was measured by mjecting a series of
standards. Accuracy 15 the measure of how close the expermnental value 1s to the true value. The accuracy
of the present method was the degree of agreement of test results generated by the method to the true
value. A linear regression equation applied to the results should have an mtercept not significantly
different fom zero''. The range was expressed in the same units as test resulls { for example percent, parts
per million} obtained by the analytical method. The hmrt of detection s the pomt at which measured
value is larger than the uncertainty associated with it 1 the lowest concentration of the analyte in a sample
that can be detecied, D not necessarily quantified In clromatography the detection limim was the
wjected amount which resulted m a peak with a height at least twice as high as the baselme nowse. The
limit of guantification was the mjected amount which resulted i a reproducible measurement of peak
arcas (equivalent o amounts). Peak heights were tvpically required to be al least 10 times higher than
baseling noise. A mggedness test was examined to assess the affect operational and environmental
comditions on the analvsis results. It was the degree of varance m test results obtamed by the analysis of
the same samples under a variety of different test conditions. As per ICH definition'"’ robustness being a
measure of the method’s capability was unaffected by small, but dehberate variations m method
parameters. Robustness could be parthe assured by good svstem swtability specifications. Thus, it was
important fo set tight, but realistic, system suttability specifications. Testimg variation in some or all
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conditions, e.g., age of columns, cohmm tvpe, colunn temperature, and pH of buffer m mobile phase,
reagents were performed to validate the method™®. Theoretical plate mumber [N) was calculated for the
method as discussed elsewhere'®,
Oxidative degradation study of CPLZHCI

The mgredients (CPZ.HCL, lactose monohydrate, microcryslalime cellulose, pobplasdone XL or
Acdisol, acrosol, Mg-srearate) of CPZ.HC] tablets were mixed m dry condition and compressed in such a
manner 10 get a tolling size of Toun. The stmdv of CPZ HC was undertaken to test its stability with super
disintegrants under three different conditions [Ambient. 30°C-63% and 40°C-73% Relative Humidity
(RH)]. As super disintegrants contained peroxide, the present study was also undertaken to ensuie
whether the peroxide had any effect on the stability of CPZ.HCI or not. Analysis of these tablets was
performed for duration of 1 to 180 days vsing HPLC method developed i the present study

Phiysical parameters such as color {visnallunter), weight (Wi gain/wt. uniformaty), friability test,
hardness  fest, disinfegration  fest, dimeter/thickness amd chemical parameters such a8 assay
{Impurity/content wmiformity), moisiure content and dissolition of tablets were carned out repeatedly on
days (. 30, 60, 90, and 180 respectively.
Statistical analysis

All the statistical parameters present i the results were caleulated as per Microsoft Excel-
Windows 2003,

RESULTS

Method development

All parameters mentioned m Table 1 were optimized to get good resoltion of the separated compounds
in the present study

Method validation

Diameter. thickness and hardness of the tablets were checked by nsing Inkarp Pharma Tester and
all agreed the pre-specifications. Hardness was also venfied through fiability test using ERWEKA
Friabilator (Ahemadabad, India) and was within control lmit. Time of disinfegration was checked to be
61-103 sec for muovator sample and 61-89 sec for ISP sample which were mwstly identical (data not
shown). The above results of stability study ndicated that oxidative degradation of CPZ HCI in the tablet
formulations did not ocenr under the followmg test conditions i.e., ambient condition, 30°C and 65 % RH.
and with 40°C and 75 % RH up to three months.

Methed validation is generally a one-tume process performed afier the method development to
demonstrate that the method was scienrifically sound and that it served the intended analytical purpose',
The test method was validated for specificity, lmearty, precision, accuracy, range, ruggedness and
robusiness. The specificity is the ability to assess unequivecally the analyte of mterest in the presence of
component that mav be expected to be present. such as impurities. degradation products, and matrx
compoenents stored under relevant stress conditions (e.g., light, heat, acid hvdrolysis, alkal hovdrolysis,
and H,0; oxidation). The recovery ranges of CPZ were 104.2-106.9% under acid hydrolysis, 23.3-96.4%
under 1-10% HxO; oxsation, 2.02-98 1% during photolysis for a period of | min to 3 hr, 59.4-23.3%
under heating for 1-2lr and 75.2-111.6% under alkali hydrolvsis for a period of 15 mim 1o 1 lu
respectively.

As per ICH acceptance criteria RSD (%) of precision study should not be more than 2.0 %. For
precision study all solotions were prepared m triplicate at levels 80%, 100% and 120% of test
concentrations using CPZ HCl working standard as per the test method. In the present study R5D% was
found to be 0.21%, whereas method precision and sample precision were 1.7% and 0.2% (0=6) using both
chlorpromazine ISP and chlorpromazine mnovator. As per [CH acceptance criteria recovery should be
within 9% to 105%, In the present study the observed acceptable level of accuracy was 98,7 to 101.5% of
test concentration for the assay of CPZHCI{Table 2),

For lmearity study a series of soltions were preqa.ra:l uwsing CPLHC] working standard at
concentration levels from 1ppm to 200 ppm. The value of B™ was 099 and RSD®s was 0_10-1.11%. The
range should be reported in %6 with respect to test concentration from the lmeartty, precision and accuracy
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data, The range of the analvtical method for the assay of CPZHCI was 92% 1o 107% of test
concentrat .

For riggedness smdy six samples individually were prepared usmg single bateh of CPZHCH and
each solution was injected m triplicate nsing different column, svstem, analyst on different days, RSD%s
was found to be 1.5%. Robustness was caleulated using the developed HPLC method for the effect of
temperature, buffer concentration Le., pH and time on recovery and it was found to be 90.3-101.2%. In
addition, limit of detection (LOD) was calenlated based upon a signal-to-nodise ratio of 3 (as calculated in
the external standard cahbration solution and adjusting for the dilntson factor of sample preparation).
Samples were mpected 6 times and then LOD was calculated. The limit of quantification (LOGQ) was the
mjected amount which resulted in a reproducible measurement of peak areas (equivalent to amounts) or
peak heights tvpreally required to be at least 10 tines higher than baseline noise. Svstem suttability study
showed that for the developed HPLC method RSD (%4), USP tailing and USP plate count were (1,399,
1.22 and 5310 respectively which were within USP acceplance limit for CPZ.HCL

The results supported the predetermined acceptance criteria. The validated method was found to
be specific, lmear, precise, accurate, robust and mugged for the assay of CPZ HCL tablets m the present
study ( Table 2).

Dissolution study

There were many lieratures available on the method development for CPZ wsing different
columns and mobile phases’™ . In the present study the column used was Cpg column {Waters, Milliford,
USA) and the mobile phase taken for the first trial was methanol and water system. The peak was
asymunetric but tailing was high (Fig. 1) in methanol, because CPZ HC] being highly soluble m methanol
was eluted at BT of § mun and degraded quickly in slightly alkaline pH Methanol-buffer svstem was also
troed, bt it was not satisfactory (Fig. 3). Later on methanol was replaced with acetonitiile and the
phosphate buffer pH was adjusted to acidic at pH 3.1. The proportion of acetonitrile to buffer and pH
were optunized and the synunetrie peak with minumal mt&uti-:}u tume of 2.35 mun was obtained (Fig. 4).
Finally, the method was Ep!l:llll?_.td as per ICH gul-:l:lm:': and validated (Table 2). Finally, the present
method was applied to check impurity profile and degradation products of CPZ.HCT under different
conditions for various lots at different time miervals.

Resulis on stability study

Reference Std. compound of CPZHCI (100 mgT) was used to create an extermal standard
calibration for the assay of CPZ.HC] stability study. The retention time of CPZ HCl was 2.35 mimutes
(Fig. 4) using buffer-acetoniirile system. Stability study was carried out under normal condition,
25°C/60%RH, 30°C/65%RH and 40°C/75%RH for a peu-:rd of three months. It was found that tablets
made with pcrl}'plasdune XL (ISP excipient) had recovery ranges of 98.5-104.1% while tablets made with
acdisol (Innovator excipient) had recovery ranges of 97.2-103.9% (Table 2). Sumilar type of results was
obtained from comtent uniformity study using 10 tablets. Dissolution study was carried out in 0.1N HCI
using paddle apparatus at 50 rpm. Results were within USP specifications and same as that of stability
study.

DISCUSSION

The aun of the present study was to develop a method for wentification and quanhfication of
CPZ.HC| and its validation as well as application to stability study, The present HPLC method was
developed with the frials of different mobile phases such as methanol and water system, methanol and
phosphate buffer system or acetontrile and phosphate buffer system respectively. The acetonitnle buffer
system produced the optimized separation capacity (Fig. 4) using Lorbax C,x column, The developed
method was validated as per ICH guidelines' ™* (Table 2).

The validation parameters such as specificity, precision (% RSD). linearity (R° as 0.9908),
accuracy (%RSD), mggedness and robustness, system suttability results met the requiremenis {Table 2)
and fulfilled the ICH guidelines for CPZ. HC1'S -1,

The optimized developed HPLC method was fast, accurate. precise and reproducible. The
validation parameters tallied nicely with ICH guidelines. The linearity study showed a R* of 00,9008 and
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system suitabiliy results (mn %o BSD) were less than 2. The specificity, mggedness and robustness were
comparable to ICH gundelines.

Althongh Kollmorgen ef al."™ nsed mobile phase methanol-acetate buffer system for the separation
of CPZ HCI and methyl paraben, this mobile system did not work in the present study. Also, the HPLC
method described by Boelune and Strobel’ was tried, but it was not suitable for the present study. The
developed and validated method was applied for the stability study of CPZ.HCI with super disinlegrants.
According to ICH guidelines for stability srud}f“’ the optimized method was performed and results were
streetly within the pre-specified hmits.

The stability results of physical and chemical parameters such as assay, confent uniformaty,
dissolntion, friabilitv, dismtegration time. diameter, thickness and hardness were within the intended
lomits, The results of comparative study between mmovative and ISP products showed that the drug
fornmilated in ISP was stable and they did not degrade with super disintegrants.

The assay test of tablets showed comparable values with ICH within the range of 90 tol05% for
all the tablet formmlations. In addition. there was no peak appeared m the samples collected from the
oxidative degradation study of the tablets (Fig. 5). So, the tablets were free from oxidative degradation
durmg the pertod of observation time.

CONCLUSIHONS

The HPLC method developed in the present study is simple, reliable, sensitive, reproducible, less
tnne conswning and is applicable to test CPZHC! in bulk dmig, raw materials amd tablet doses. The
advantage of the present test procedures is that if 15 a simple socratic method withowt vsing any
complicated mobile phase. The present work gets validated, lughly sensitive and selective method for
determination of CPZ.HCI i pharmaceutical dosage forms, Also, # would be applied to the oxidative
degradation studies of CPZHCI for monttoring the quality of CPZ HC] during storage. The oxidative
degradation study of CPZHCI] confirms no oxidative degradation of CPZ.HCI m tablet formulations
under ambient conditions as well as under accelerated stability conditions. The method could be
applicable for chlorpromazine derivatives amd their metabolites. This rechnique would be applicable to
other formulations with different new excipaents.
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Table 1; Optimized HPLC conditions for the elution of CPX.HCL

_Parameters Details
Stationary phase {colimn) | Zorbax Extend — Ty 4.6%250mm. Spm, 10 A®
Mobile Phase 0.02M KH;PO, (pH-3.1) : Acetomtrile (63:35 wiv). lsocratic
Flow rate 1 mil/ i
Run time 20 mmutes
| Colum femperature 35°C
Volome of mjector loop 10
| Wavelength (Aow) 256 nm
| Tailing factor | Not more than 2.0
Retention time | 2.3 mins

Table 2: Comparison between observed results obtained by validated method and ICH

. . puidelines :
5.No | Validation parameters | ICH guidelines - Observed results
I Method precsion %5 RSD not more than 2.0% 1.7%
s System precision %% R.5D not more than 2.0% 21%
3 Accinacy Recovery should be within 95% to 105% | 98. 7% - 101.5%
1 Lnearity R” (correlation coefficient) = 0,999 0.9998
5 Range It should be within 80%5 to 120%, Complies
i Ruggedness % RSD not more than 2.0% 1.5%
7 System suitability % RSD not more than 2.0%; 0.30%;
i LOD & LOOQ Siznal to noise ratio (s'n): 3:1 & 10:1 Complies
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Figure 1: Structure of Chlorpromazine Hydrochloride
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Figure 2: HPLC chromatogram of Chlorpromazine HCL The concentration of the sample
was 100mg/L. The mobile phase of methanol:water (85:15 v/v) was used at a low rate of
Iml/minute for elution. The injection volume was 10ul, and the column temp was 35"C.
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Figure 3: HPLC chromatogram of chlorpromazine HCL The concentration of the sample
was 100mg/L. The mobile phase of (0L02 M KH:PO, and methanol containing 0.5% TEA
ibuffer:acetonitrile :: 20:80, v/v, pH 7.46) was used at a flow rate of Iml/minute. The rontime
was 15 min and the injection volume was L0pL and the column temp was 35°C.
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Figure 4: HPLC chromatogram of chlorpromazine HCL The concentration of the sample
was 100mg/L. The mobile phase of (.02 M KH.PO, and acetonitrile containing 0.5% TEA
{buffer:acetomnitrile :: 35:65, v/v, pH 3.1) was used al a flow rate of Iml/minute. The runtime
wis 15 min and the injection volume was 10pL and the column temp was 35°C,
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Figure 53: HPFLC chromatogram of CPZ.HCI with placebo polvplasdone after oxidation
degradation. The concentration of the sample was 100mg/L. The mobile phase of 0.02 M
KH:POy and acetonitrile containing 0.5% TEA (bulTer:acetoniirile :: 35:635, viv, pH 3.1) was
used at a fow rate of Iml'minute. The runtime was 20 min and the injection volume was
10pL and the column temp was 35°C.
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