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A simple, specific, accurate, precise stability indicating reversed
chromatographic (RP
of folic acid (FA) and meclizine hydrochloride (MEH). An isocr
achieved on C 18, 250 × 4.6mm ID, 5 
a flow rate of 0.5mLmin
mobile phase consisted 
retention times of FA and MEH was found to be 5.25 and 10.14 min, respectively. Suitability, 
specificity, linearity, accuracy, precision, stability, and sensitivity of t
determination. The proposed method is reliable and robust and can be used as quality control tool for 
the estimation of these drugs in combined pharmaceutical solid dosage forms.
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INTRODUCTION 
 
Meclizine HCl is piperazine 1
phenylmethyl)-4-((3-methylphenyl) methyl
monohydrate is an antiemetic agent used in post
vomiting (The Merck index, 2001; British 
2003). (Figure 1) a piperazine derivative and antihistamine 
with anti muscarinic and central sedative properties, mainly 
used for its antiemetic action and in the prevention and 
treatment of nausea and vomiting associated with a variety of 
conditions. Folic acid is chemically 4
hydroxypteridin-6-yl) methyl amino benzoyl
part of the vitamin B group (vitamin B9) is a water soluble 
vitamin (Figure 2). It is one of the most important coenzyme of 
the haemopoietic systems that control the generation of 
ferrohaeme (Indian Pharmacopoeia, 2011; Nafisa
Marketed tablet formulations of these agents play an important 
role in the treatment of persistent nausea and vomiting during 
pregnancy. The review of literature reveals that there were 
analytical methods of two drugs individually in pharmaceutical 
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ABSTRACT 

A simple, specific, accurate, precise stability indicating reversed
chromatographic (RP-HPLC) method was developed and validated for the simultaneous determination 
of folic acid (FA) and meclizine hydrochloride (MEH). An isocratic separation of FA and MEH were 
achieved on C 18, 250 × 4.6mm ID, 5 �m particle size columns at column oven temperature 37
a flow rate of 0.5mLmin 1 and using a diode array detector to monitor the detection at 254 nm. The 
mobile phase consisted of buffer: acetonitrile : trifluoro acetic acid at a ratio of 30 : 70 : 0.1 (v/v). The 
retention times of FA and MEH was found to be 5.25 and 10.14 min, respectively. Suitability, 
specificity, linearity, accuracy, precision, stability, and sensitivity of t
determination. The proposed method is reliable and robust and can be used as quality control tool for 
the estimation of these drugs in combined pharmaceutical solid dosage forms.

This is an open access article distributed under the Creative Commons Att
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Meclizine HCl is piperazine 1-((4-chlorophenyl) 
methylphenyl) methyl)-dihydrochloride 

monohydrate is an antiemetic agent used in post-operative 
British Pharmacopoeia, 

(Figure 1) a piperazine derivative and antihistamine 
with anti muscarinic and central sedative properties, mainly 
used for its antiemetic action and in the prevention and 
treatment of nausea and vomiting associated with a variety of 
onditions. Folic acid is chemically 4-(2-amino-4-

yl) methyl amino benzoyl-l-glutamic acid, 
) is a water soluble 

vitamin (Figure 2). It is one of the most important coenzyme of 
s that control the generation of 
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dosage forms and even in biological samples and few methods 
reported for either of one drug with combination of another 
drug. Few analytical methods like RP
Spectroscopic methods have been reported for the 
determination of meclizine and its combination with other 
drugs in pharmaceutical preparations. Est
in combination with other drugs by spectrophotometric 
methods and HPLC has been reported
Hamid and Omera, 2014; Reddy
Shinde et al., 2016; Throat et al
2002; Rucha et al., 2015; Shivani
Pathak and Rajput, 2008; Sreeram
2008; Rama Krishna et al., 2014
literature reported about the simultaneous determination of 
meclizine and folic acid by HPLC method. The present work 
describes the development and validation of stability indicating 
RP-HPLC method, which can quantify folic acid and meclizine 
simultaneously in pharmaceutical solid dosage form. Thus 
there is need to develop a simple rapid and economical method 
for routine analysis of meclizine and folic acid. The objective 
of present study was to develop and validate simple, sensitive, 
accurate, precise, rapid and economical method for estimation 
of meclizine and folic acid i
formulations. 
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A simple, specific, accurate, precise stability indicating reversed-phase high-performance liquid 
HPLC) method was developed and validated for the simultaneous determination 

atic separation of FA and MEH were 
m particle size columns at column oven temperature 370C with 

and using a diode array detector to monitor the detection at 254 nm. The 
of buffer: acetonitrile : trifluoro acetic acid at a ratio of 30 : 70 : 0.1 (v/v). The 

retention times of FA and MEH was found to be 5.25 and 10.14 min, respectively. Suitability, 
specificity, linearity, accuracy, precision, stability, and sensitivity of this method for the quantitative 
determination. The proposed method is reliable and robust and can be used as quality control tool for 
the estimation of these drugs in combined pharmaceutical solid dosage forms. 
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dosage forms and even in biological samples and few methods  
for either of one drug with combination of another 

drug. Few analytical methods like RP-HPLC, HPTLC, HPLC, 
methods have been reported for the 

determination of meclizine and its combination with other 
drugs in pharmaceutical preparations. Estimation of folic acid 
in combination with other drugs by spectrophotometric 
methods and HPLC has been reported (Kumar et al., 2012; 

Reddy Bari and Kaskhedikar, 1997; 
et al., 2015; Abera-Sturi et al., 
Shivani and Tulja Rani, 2015; 

Sreeram et al., 2013; Arayne et al., 
2014), but there is no work in the 

literature reported about the simultaneous determination of 
and folic acid by HPLC method. The present work 

describes the development and validation of stability indicating 
HPLC method, which can quantify folic acid and meclizine 

simultaneously in pharmaceutical solid dosage form. Thus 
a simple rapid and economical method 

for routine analysis of meclizine and folic acid. The objective 
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Figure 1. Structure of Meclizine

 

 
Figure 2. Structure of folic acid

 
MATERIALS AND METHODS  
 
Instruments 
 
(a) HPLC- LC100 UV– Detector, Model LC-
(b) Electronic Balance- Shimadzu.  
 
Reagents and Chemicals 
 
Meclizine Hydrochloride and folic acid reference standard 
were kindly provided by Hetero Pharmaceuticals, Hyderabad 
for providing gift sample of working standard. Methanol of 
analytical grade was used as a solvent. All chemicals and 
reagents used were of analytical reagent grade. 
name of marketed combined tablet formulation is PNV PLUS 
containing Meclizine Hydrochloride 25 mg and  Folic acid 2.5 
mg manufactured by Yash Pharma. Lab. Pvt. L
HPLC grade (Scharlau), anhydrous sodiumdihydrogen 
phosphate (Scharlau), phosphoric acid AR grade,
trifluoroacetic acid (Fisher Scientific) were usedfor analytical 
purposes. Ultrapure water was used to prepare the mobile 
phase. Ultrapure water was prepared by using LabconcoWater 
Pro PS purification system. 
 
Instrument and Chromatographic Condition
 
Chromatographic separation was achieved by using systronics 
LC-100 high-performance liquid chromatography,
with degasser PGU-20A 5, variable wavelength programmable 
diode array detector UV, auto sampler SIL
column oven CTO-10 A5 VP. Pronto SILC 18, 250 × 4.6mm 
ID, 5 �m particle size was used as the stationary phase. The 
column temperature was kept at 370C, and th
flow rate was maintained at 0.5mL min 1.The detection was 
monitored at 254 nm.The injection volume was 20 
run time was 13 min for each injection. 
 
Mobile Phase. A mixture of buffer, acetonitrile, and 
trifluoroacetic acid (TFA) at a ratio of 30: 70: 0.1 (v/v) was 
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-100 Systronics.  

Meclizine Hydrochloride and folic acid reference standard 
were kindly provided by Hetero Pharmaceuticals, Hyderabad 
for providing gift sample of working standard. Methanol of 

used as a solvent. All chemicals and 
reagents used were of analytical reagent grade. The brand 
name of marketed combined tablet formulation is PNV PLUS 
containing Meclizine Hydrochloride 25 mg and  Folic acid 2.5 
mg manufactured by Yash Pharma. Lab. Pvt. Ltd. Acetonitrile 
HPLC grade (Scharlau), anhydrous sodiumdihydrogen 
phosphate (Scharlau), phosphoric acid AR grade, (Merck) and 
trifluoroacetic acid (Fisher Scientific) were usedfor analytical 
purposes. Ultrapure water was used to prepare the mobile 

Ultrapure water was prepared by using LabconcoWater 

Instrument and Chromatographic Condition 

Chromatographic separation was achieved by using systronics 
performance liquid chromatography, equipped 

20A 5, variable wavelength programmable 
diode array detector UV, auto sampler SIL-20 AC HT, and 

10 A5 VP. Pronto SILC 18, 250 × 4.6mm 
m particle size was used as the stationary phase. The 

C, and the mobile phase 
.The detection was 

monitored at 254 nm.The injection volume was 20 �L, and the 

A mixture of buffer, acetonitrile, and 
acid (TFA) at a ratio of 30: 70: 0.1 (v/v) was 

prepared. The resulting solution was sonicated for 5 min using 
ultrasonic bath, and finally the mixture was filtered using 0.2 
�m membrane filter. 
 
Preparation of Buffer for Mobile Phase
sodium dihydrogen phosphate was dissolved in 900 mL of 
ultrapure water. Then the pH was adjusted to 3.0 with 
orthophosphoric acid and volume up to 1000mL with ultrapure 
water and sonicated for 5min using ultrasonic bath then filtered 
through 0.2 �m membrane filter.
 
Diluting Solution. A mixture of buffer, acetonitrile, and 
trifluoroacetic acid (TFA) at a ratio of 35: 65: 0.1 (v/v) was 
used as the diluents. 
 
Standard Preparation (at Nominal Concentration).
MEH working standards were accurately weighed
transferred into a clean and dry 100 mL standard volumetric 
flask and dissolved to prepare 0.50 mgmL
concentrations of FA and MEH stock solution, respectively, 
with the diluting solution and finally volume up to the mark. 
The solution was sonicated for 5 min using ultrasonic bath and 
then filtered through 0.2 �m disk filter.
 
Sample Preparation. Twenty tablets (
crushed and then powdered finely. To prepare assay sample 
solution, powdered sample equivalent to 
25mg meclizine hydrochloride was weighed accurately and 
taken into 100mL volumetric flask. About 40mL of diluting 
solution was added and shaken thoroughly to extract the drug 
from the excipients and then sonicated for 5min to complete 
dissolution of drug. The solution was allowed to cool at room 
temperature and then volume up to the mark. The solution was 
filtered through whatman filter paper (no. 42) and then finally 
filtered through 0.2 �m disk filter.
 
Method Validation Parameters
 
System Suitability. To assess system suitability of the 
method, the repeatability, theoretical plates, tailing factor, and 
retention time of six replicate injections of standard FA and 
MEH of concentrations 0.50 mgmL
respectively, were used, and the percent relative standard 
deviation (%RSD) values were calculated in each case.
 
Linearity. The linearity of the method was determined at five 
different concentration levels (80%, 90%, 100%, 110%, and 
120%) ranging from 0.395 to 0.592mgmL
0.304 mgmL 1of MEH, respectively. The linearity was 
evaluated by peak area versus concentration, which was 
calculated by the least-square regression analysis, and the 
respective regression equation was computed.
 
Specificity. The specificity of
method for the determination of FA and MEH in bulk drug and 
pharmaceutical preparation (
investigated by chromatographic analysis of the following.
 
Accuracy. Accuracy was carried out for drug
Accuracy parameter was determined by the recovery test, 
which consisted of adding known amounts of FA and MEH in 
to the placebo sample solutions. This test was conducted by 
three different concentrations (80, 100, and120%) of test 
sample in three replicate sample preparations, and the percent 
recoveries (mean ± %RSD of three replicates) of FA and MEH 
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prepared. The resulting solution was sonicated for 5 min using 
ultrasonic bath, and finally the mixture was filtered using 0.2 

Preparation of Buffer for Mobile Phase. 12 g of anhydrous 
odium dihydrogen phosphate was dissolved in 900 mL of 

ultrapure water. Then the pH was adjusted to 3.0 with 
orthophosphoric acid and volume up to 1000mL with ultrapure 
water and sonicated for 5min using ultrasonic bath then filtered 

e filter. 

A mixture of buffer, acetonitrile, and 
trifluoroacetic acid (TFA) at a ratio of 35: 65: 0.1 (v/v) was 

Standard Preparation (at Nominal Concentration). FA and 
MEH working standards were accurately weighed and were 
transferred into a clean and dry 100 mL standard volumetric 
flask and dissolved to prepare 0.50 mgmL 1 and0.25 mgmL 1 
concentrations of FA and MEH stock solution, respectively, 
with the diluting solution and finally volume up to the mark. 

ution was sonicated for 5 min using ultrasonic bath and 
m disk filter. 

Twenty tablets (PNV PLUS tablet) were 
crushed and then powdered finely. To prepare assay sample 
solution, powdered sample equivalent to 2.5mg folic acid and 
25mg meclizine hydrochloride was weighed accurately and 
taken into 100mL volumetric flask. About 40mL of diluting 
solution was added and shaken thoroughly to extract the drug 
from the excipients and then sonicated for 5min to complete 
dissolution of drug. The solution was allowed to cool at room 
temperature and then volume up to the mark. The solution was 
filtered through whatman filter paper (no. 42) and then finally 

m disk filter. 

Method Validation Parameters 

To assess system suitability of the 
method, the repeatability, theoretical plates, tailing factor, and 
retention time of six replicate injections of standard FA and 
MEH of concentrations 0.50 mgmL 1 and 0.25mgmL 1, 

ed, and the percent relative standard 
deviation (%RSD) values were calculated in each case. 

The linearity of the method was determined at five 
different concentration levels (80%, 90%, 100%, 110%, and 
120%) ranging from 0.395 to 0.592mgmL 1 of FA and0.203-

of MEH, respectively. The linearity was 
evaluated by peak area versus concentration, which was 

square regression analysis, and the 
respective regression equation was computed. 

The specificity of the developed RP- HPLC 
method for the determination of FA and MEH in bulk drug and 
pharmaceutical preparation (PNVPLUS tablet) was 
investigated by chromatographic analysis of the following. 

Accuracy was carried out for drug-matrix solutions. 
curacy parameter was determined by the recovery test, 

which consisted of adding known amounts of FA and MEH in 
to the placebo sample solutions. This test was conducted by 
three different concentrations (80, 100, and120%) of test 

ample preparations, and the percent 
recoveries (mean ± %RSD of three replicates) of FA and MEH 

Naveen Kumar and Srinivasa, Development and validation of hplc method for simultaneous estimation of meclizine and folic acid in  



in drug-matrix form were calculated. The accuracy was also 
evaluated by linear regression analysis and computed. 
 
Precision. Precision of the method was studied by analysis of 
three replicates of standard solution in three different 
concentrations (80, 100, and 120%). It was demonstrated by 
repeatability (intraday precision) and intermediate precision 
(interday precision) of standard solutions. The results were 
expressed as %RSD of the measurements. 
 
Stability of Solution. The solution stability is tested by 
allowing the prepared drug matrix tested sample to stand 
exposed to room light and ambient room temperature for three 
consecutive days. The sample is to be assayed daily and 
compared to freshly prepare standard solutions. 
 
Sensitivity. For sensitivity study the limit of detection (LOD) 
and limit of quantitation (LOQ) were estimated by 
determination of signal-noise ratio. The LOD (� = 3.3) and 
LOQ (� = 10) of the proposed method were calculated using 
the following equation: 
                               
� = � ×�×��,                                                                         (1)  
 
Where � is LOD or LOQ, � is the concentration in ppm, and 
�/� is the signal-noise ratio. 
Ruggedness. Ruggedness of the current method was 
determined by analyzing six assay sample solutions of PNV 
PLUS tablet by different instrument, column, and two analysts 
in the same laboratory to check the reproducibility of the test 
result. 
 
Robustness. To determine the robustness of the current 
method, the effect of flow rate was studied at 0.48 
and0.52mLmin 1 instead of 0.5mLmin 1. The effect of 
column temperature was studied at 35 and 390C instead of 
370C. The effect of mobile phase composition was assessed at 
(buffer: ACN = 31.3: 68.7, v/v) and (buffer: ACN = 28.7: 71.3, 
v/v) instead of (buffer: ACN = 30:70, v/v). The effect of 
wavelength change was studied at 252 nm and 256 nm instead 
of at 254 nm. 

 

 
 

 
 

Figure 3. RP-HPLC chromatogram of sample, and standard of 
folic acid and meclizine HCl 

 

RESULTS AND DISCUSSION 
 
Method Validation 
 
System Suitability. The results (Mean ± %RSD of six 
replicates) of the chromatographic parameters (Table 1) 
indicate the good performance of the system. 
 
Linearity. The peak area was dynamic-linear in the 
concentration ranges of 0.395–0.592mgml 1 for FA and 0.203–
0.304mgml 1 for MEH, respectively. Highly significant 
correlation coefficient (�2) demonstrated the linearity of the 
method (Table 2). 
 

Table 1. Chromatographic characteristics of system suitability 
study 

 

 
 

Table 2. Parameters of regression analysis 
 

 
 
Specificity. The chromatograms of blank, placebo, test sample, 
and standard were used to justify the specificity of target 
analyte. The method was specific since excipients in the 
formulation did not interfere in the estimation of FA and MEH 
(Figure 3). The samples submitted to acidic and alkaline 
condition showed significant alteration in the peak area, and 
also there was no detectable degradation peak(s). Similarly, 
during oxidative and reductive hydrolysis study, degradation 
peak(s) was not found. In every case the peak purity was 
99.99%.The results acquired from peak purity tool confirmed 
that the active components’ peak response was pure proving no 
other substances in the same retention time. Percent of 
degradation n is mainly 3.78% for FA during oxidation study 
as well as 4.64% for MEH in acidic condition (Table 3). 
 
Accuracy. The results were expressed as percent recoveries of 
the particular components in the samples. The overall results of 
percent recoveries (mean ± %RSD) of drug-matrix solutions 
are indicating good accuracy of the proposed RP-HPLC 
method (Table 3). Correlation coefficient �2= 0.999and 0.999 
established excellent accuracy for the active ingredients FA 
and MEH, respectively. 
 
Precision. The values of %RSD for intraday and inter day 
variation were found very well and within 2% limit, indicating 
that the current method is repeatable (Table 4). 
 
Stability of Solution. In the stability study, the retention time 
remained unchanged till third day, but peak area of FA and 
MEH deviated at third day by more than 2.0% from initial. 
This indicates that both solutions were stable for at least 48 
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Table 3. Accuracy studies of FA and MEH in drug-matrix solutions 
 

 

 
Table 4. Intra-day and inter-day precision of the method 

 

 
 

Table 5. Stability of analytical sample solution 
 

 
 

Table 6. Ruggedness of the method 
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hours, which was sufficient to complete the analytical 
procedure (Table 5). 
 
Sensitivity. The LOD and LOQ by the proposed method were 
found for FA1.90 ppm and 5.74 ppm as well as for MEH 3.75 
ppm and 11.35 ppm, respectively. 
 
Ruggedness. The results (% of Recovery ± RSD) of six assay 
samples are indicating the ruggedness of the current method 
(Table 6). 
 
Robustness. The effects of robustness study under different 
altered conditions of this proposed method are satisfactory 
(Table 7). The mean recovery and %RSD of analyzed sample 
indicate that the current method is robust. 
 
Conclusion 
       
The developed RP-HPLC method for the simultaneous 
determination of folic acid and meclizine hydrochloride is 
simple, precise, accurate, and reproducible and highly 
sensitive. The developed method was validated based on ICH 
guidelines (21). Hence, this method can be routinely used for 
the simultaneous determination of folic acid and meclizine 
hydrochloride in pure and pharmaceutical formulations. 
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