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Introduction

Amlodipine/valsartan/hydrochlorothiazide (HCTZ) is a market-
ed dose combined of  the well established antihypertensive agents 
amlodipine (AML) (a calcium channel antagonist), valsartan 
(VAL) (an angiotensin II receptor antagonist), and HCTZ (a thi-
azide diuretic) in patients with moderate or severe hypertension. 
The US Food and Drug Administration (FDA) and the European 
Medicines Agency have approved a triple fixed-dose combination 
of  AML, HCT and VAL. The triple combination dose was found 
to be more effective in reducing blood pressure and providing 
overall blood pressure control than the dual combination thera-
pies regardless of  age, race, gender, ethnicity, or hypertension se-

verity [1, 2].

Amlodipine besylate (AML) is chemically described as 3-Ethyl-5- 
methyl (±)-2-[(2-aminoethoxy) methyl]-4-(2-chlorophenyl)-l, 
4-dihydro-6-methyl-3, 5- pyridinedicarboxylate, monobenzene-
sulphonate (Figure 1.B). AML tablets are formulated as white 
tablets equivalent to 2.5, 5, and 10 mg of  AML for oral adminis-
tration. AML is formulated as the besylate salt of  AML, a long-
acting calcium channel blocker [3]. 

Hydrochlorothiazide (HCT) is chemically known as 6-chloro-1,1-
dioxo-3, 4-dihydro-2H-1, 2, 4-benzothiadiazine-7-sulfonamide, 
(Figure 1.A) [4-6].
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Valsartan is chemically described as N-valeryl-N[[2-(1H-tetra-
zol-5- yl)biphenyl-4- yl] methyl] valine. Valsartan is available as 
a white, microcrystalline powder with a melting range of  105-
110°C. It is freely soluble in methanol, ethanol sparingly soluble 
in ethyl acetate, slightly soluble in dichloromethane and practically 
insoluble in water. VAL is available as tablets for oral administra-
tion, containing 40, 80, 160 or 320 mg of  the drug Figure (1).

A number of  methods have been reported in the literature for 
estimation of  AML, HCT and VAL individually or in combina-
tion with other drugs. However, very few analytical methods were 
reported for the simultaneous analysis of  these drugs in a com-
bined dosage formulation [6, 7]. UV-spectrophotometric [8-10], 
spectrofluorimetric [11] HPLC [12-22], HPTLC [23, 24], capillary 
electrophoresis [25-28] and electrochemical [29] methods were 
reported. In drug development stability indicating testing is con-
sidered as an important part of  the process. The purpose of  sta-
bility testing is to provide evidence on how the quality of  a drug 
substance or drug product varies with time under the influence of  
a variety of  environmental factors, such as temperature, humid-
ity, and light, and enables recommendation of  storage conditions, 
retest periods, and shelf  lives to be established. The two main 
aspects of  a drug product that play an important role in shelf  life 
determination are assay of  the active drug and degradation prod-
ucts generated during the stability study. The drug product in a 
stability test sample needs to be determined using a stability indi-
cating method, as recommended by the International Conference 
on Harmonization (ICH) guidelines [30] and U.S. Pharmacopia 
(USP) [31]. Although stability indicating methods have been re-
ported for assay of  various drugs in drug products, most of  them 
describe assay procedures for drug products containing only one 
active drug substance. Only few stability indicating methods are 
reported for assay of  combination drug products containing two 
or more active drug substances. 

1, 2-naphthoquinone-4-sulphonic sulphonate (NQS) has been 
utilized as a chromogenic reagent for the spectrophotometric de-
termination of  many pharmaceutical amines [32, 33], It is very 
popular spectrophotometric reagent due to its efficient reactivity 
with both primary and secondary amines, and high reaction rate 
[34-40], NQS has be proved to be a useful and sensitive analyti-
cal derivatizing agent for spectrophotometric and HPLC analysis 
of  pharmaceuticals bearing a primary or secondary amino group. 
The applications of  NQS for determination of  pharmaceuti-
cal bearing amine group have been reviewed by Elbashir et al., 
[36]. The uses of  (NQS) for HPLC determination of  three drugs 
under study have not been reported yet. Therefore, in this work 
a rapid HPLC method for determination the content of  AML, 
HCT, and VAL in pharmaceutical formulations which is based on 
the reaction of  NQS with amino group of  AML, HCT, and VAL 
molecules to form orange to brown compounds, at 465 nm, 456 
nm and 462 nm for AML, HCT, and VAL, respectively.

Experimental

Materials

AML, HCT and VAL working standards were given as gift from 
Azal pharmaceutical industries company Ltd, (Khartoum, Sudan). 
Acetonitrile HPLC grade, Methanol HPLC grade, potassium di-
hydrogen orthophosphate AR was purchased from scharlau 
chemical (spain). High purity deionised water was obtained from 
BASH pharmaceutical (Khartoum, Sudan) purification, system 
Sodium 1, 2-naphthoquinone-4sulphonate (NQS) (Sigma Aldrich 
Chemical Co, St. Louis, USA).

Methods

Instrumentation: Chromatographic separation was carried out 
using high performance liquid chromatography having C18, ODS 
(150mm×4.6mm), 5.0 μm analytical column with photodiode ar-

Figure 1. Chemical structure of  amlodipine (AML), hydrochlorothiazide (HCT) and valsartan (VAL).
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ray detector provided by Auto sampler and the Chromatographic 
data were recorded by LC Solution software. Absorbance was car-
ried out by using UV-visible spectrophotometer model Shimadzu 
1800 with quartz cells of  1 cm optical path length, pH meter was 
used for pH measurements, analytical balance and ultrasonic bath.

Chromatographic Conditions: For HPLC a number of  prelimi-
nary trials were conducted with combinations of  different organic 
solvents, compositions, and flow rate to check the retention time, 
shape, resolution, and other chromatographic parameters. Among 
all tried experiments, the mobile phase combination is Potassium 
dihydrogen orthophosphate AR (0.05 M) in water: acetonitrile 
(45:55 %v/v) adjust to pH 3.5. The solution was degassed in an 
ultrasonic water bath for 5 minutes and filtered through 0.45 μm 
nylon filter. The instrumental settings flow rate of  1.5 mL/min; 
the column temperature is 40 °C, and detector wavelength is 460 
nm found to be most suitable.

Preparation of  Standard and Sample Solutions

Stock standard solutions of  AML, HCT and VAL (200, 200 
and 250 μg/mL) respectively: An accurately 20, 20 and 25 mg 
of  AML, HCT and VAL standards were dissolved in a mixture 
of  equal volume of  methanol and distilled water, transferred into 
100 ml volumetric flask, diluted with same solvent and mixed well.

Standard solutions of  AML, HCT and VAL (5, 12.5 and 160 
μg/mL) respectively: The standard solutions were prepared by 
dilution of  the stock standard solution with diluent to reach a 
concentration range (2 - 30) μg/mL for AML, (2.5 - 30) μg/mL 
for HCT and (32 - 224) μg/mL for VAL. Triplicate 20 μL injec-
tions were made for each concentration and chromatographed 
under the conditions described above. The peak area of  each 
concentration was plotted against the corresponding concentra-
tion to obtain the calibration graph and regression equation was 
computed.

Sodium 1, 2-naphthoquinone-4-sulfonic solution (0.7% 
w/v): (NQS) 0.6% (w/v) was prepared by dissolving 0.6 g in mix-
ture of  equal volume of  methanol and distilled water, transferred 
into a 100 mL volumetric flask and diluted to the mark with same 
solvent and mixed well. The solution was freshly prepared and 
protected from light during use.

Buffer solutions: Buffer solution of  pH 13.0 was prepared by 
mix solution of  0.2M potassium dihydrogen phosphate and 0.2 
M sodium hydroxide adjusted to pH 13.0 with 0.2 M sodium hy-
droxide.

Sample solution: Ten Exforge HCT_ tablets were weighed and 
their mean was determined. After grinding the tablets into a fine 
powder in glass mortar, an accurately weighed quantity of  the tab-
let powder equivalent 5 mg AML, 12.5 mg HCT and 160 mg VAL 
the solution were dissolved by sonication in a mixture of  equal 
volume of  methanol and distilled water into a 100 mL volumetric 
flask, diluted to the mark with the same solvent (50 μg/mL, 125 
μg/mL and 1600 μg/mL).

General recommended procedure: A 1.0 mL of  standard stock 
of  three drugs and sample were transferred into 10mL volumetric 
flask; 3.5 mL of  0.7% (NQS) was added and followed by 2.0mL 
buffer solution pH 13.0. The reaction was completed to volume 

with mixture of  equal volume of  methanol and distilled water, 
After 10 min, a suitable volume of  solution was sampled and fil-
tered through 0.45 μm membrane filter paper. The solution was 
determined by HPLC conditions developed herein.

Stability study: The samples were kept in the stability chamber 
(Thermaolab) set at accelerated storage conditions [41] of  40 ± 
2°C and 75 ± 5% relative humidity and in real storage conditions 
of  25 C° ± 2°C and 60% relative humidity. The samples were 
periodically monitored by the HPLC analysis. Analyses were car-
ried out at time 0 and after storage of  1, 2, and 3 months in the 
stability chamber by the recommended procedures.

Results and Discussion

Chromatographic Conditions Optimization

The chromatographic conditions were optimized so as to achieve 
the best resolution and peak shape for amlodipine, Hydrochlo-
rothiazide, and valsartan. Different mobile phases containing 
acetonitrile in phosphate buffer were examined. With acetonitrile 
content 45% or less, the retention time for valsartan was far (re-
tention time >10 min) and the resolution between the amlodi-
pine and Hydrochlorothiazide less than 1.5, with decreasing of  
acetonitrile more than 40% the retention time of  valsartan too 
far up to 12 min eluted. On the other hand to give short time 
increased the acetonitrile to 60%, the retention time for valsartan 
was short (retention time < 3.5 min) but the resolution between 
the amlodipine and Hydrochlorothiazide less than 2.0, moreo-
ver phosphate buffers of  pH 3.0 - 7.0 were tried but the peak 
shapes for the drugs were sufficiently symmetrical only for pH 
value below 4 and the resolution warmed over. Therefore, the 
mobile phase containing acetonitrile and phosphate buffer at pH 
3.5 (55:45, v/v) was selected as optimal for obtaining well defined 
and resolved peaks with mean retention times of  1.8 , 2.3 and 3.6 
min, for HCT, AML and VAL, respectively, as shown in Figures 
2, 3, 4, 5, 6 and 7.

Absorption Spectra

The absorptions spectrum of  three drugs (AML,HCT and VAL) 
were recorded against mixture of  equal volume of  methanol and 
distilled water; it were found that exhibits a maximum a absorp-
tion peak (λmax) for three drugs AML,HCT and VAL at 230, 270 
and 250 nm respectively and the λmax of  NQS was 362 nm . The 
reaction between three drugs and NQS were performed, and 
the absorption spectrums of  the product were recorded against 
reagent blank. It was found that the product is orange to brown 
colored exhibiting for three drugs (AML, HCT and VAL) λmax at 
465 nm, 456 nm and 462 nm respectively.

Optimization of  Derivatization Reaction and Spectrophoto-
metric Procedure

Effect of  pH: The effects of  pH on the reaction of  AML, HCT 
and VAL with NQS were examined by varying the pH from 4.0 
to 13.5, The results revealed that AML, HCT and VAL have dif-
ficulty to react with NQS in acidic media (Figure 8). This was pos-
sibly due to the existence of  the amino group of  AML, HCT and 
VAL in the form of  hydrochloride salt, thus it loses its nucleo-
philic substitution capability. As the pH increased, the absorbance 
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Figure 2. Chromatogram of  placebo shows no peak interference.
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increased rapidly, as the amino group of  AML, HCT and VAL (in 
the hydrochloride salt) turns into the free amino group, thus facili-
tating the nucleophilic substitution. The maximum readings were 
attained at pH values of  13.0 for AML, HCT and VAL. At pH 
values more than 13.4 for AML, HCT and VAL a decrease in the 
readings occurred. This was attributed probably to the increase 
in the amount of  hydroxide ion that holds back the reaction of  
AML, HCT and VAL with NQS.

Effect of  (NQS) concentration: The studying of  (NQS) con-
centrations showed that the reaction was dependent on NQS rea-
gent. The highest absorption was obtained when the concentra-
tion of  NQS was 0.5% for AML and 0.6% for HCT and VAL. 
From the previously described experiments the optimum condi-
tions for the reaction of  (NQS) with AML, HCT and VAL were 

summarized in Figure 9.

Effect of  Time: To determine the optimum time that is required 
for completion the reaction. The reaction was allowed to proceed 
at room temperature for varying periods of  time. It was found 
that the reaction goes to almost completion within 5 min for 
AML and HCT (data not shown) and 8 min for VAL, however 
for higher precision readings, the reaction was allowed to proceed 
for quite longer time; reactions in all the subsequent experiments 
were carried out for 10 min.

Effect of  amount of  the buffer: The effect of  amount of  buff-
er solution on the absorbance of  reaction product was also inves-
tigated. It was shown that the absorbance of  the reaction product 
increases rapidly with the rise of  amount of  buffer solution, and 

Figure 6. Chromatogram show standard of  HCT, AML and VAL with NQS at optimized conditions HPLC.
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Figure 7. Chromatograms show sample of  HCT, AML and VAL with NQS at optimized conditions HPLC.
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Figure 8. Effect of  pH on absorbance of  product AML, HCT and VAL with NQS.
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becomes maximal when the amount of  buffer solution is 2.0 mL. 
Therefore; the amount of  2.0 mL buffer solution was selected to 
ensure the highest absorbance.

Stability of  the Drugs - NQS Derivative

The effect of  time on the stability of  the drugs - NQS derivative 
were studied by following the absorption intensity of  the reaction 
solution (after dilution) at different time intervals. It was found 
that the area of  the derivative remains constant for at least 3 h. 
This allowed the processing of  large batches of  samples and their 
comfortable measurements with convenience. This gives the high 
throughput property to the proposed method when applied for 
analysis of  large number of  samples in quality control laborato-
ries.

Stoichiometry of  Derivatization Reaction

Under the optimum conditions the stoichiometry of  the reactions 
between AML, HCT and VAL with NQS were investigated by 
Job’s method and were found to be 1:1, Figure 10. While three 
drugs molecules contain primary and secondary amino group. 
Based on this ratio, the reaction pathway was postulated to be 
proceeded as shown in Scheme 1.

Validation of  the Method

The method was validated according ICH guidelines on the vali-
dation of  analytical methods [42] and complied with USP 40 vali-
dation guidelines [43]. The characteristics that are studied during 

method validation include sensitivity, accuracy, precision, specific-
ity, linearity of  detector response, range of  analyte concentration 
and robustness.

Specificity: The specificity of  the assay method was investigat-
ed by the injection of  the extracted placebo and mobile phase 
to demonstrate the absence of  interference with the elution of  
analyte. The injected of  placebo and mobile phase found that no 
of  interference between AML, HCT and VAL and mobile phase. 
Also the injection of  AML, HCT and VAL have shown no inter-
ference and the method should be specificity, Figure 2.

Linearity: The linearity of  the proposed HPLC method was eval-
uated by analyzing a series of  different concentrations for each 
of  the three analytes. The linear regression equations were gener-
ated by least squares treatment of  the calibration data. Under the 
optimized conditions described above, the measured peak areas 
were found to be proportional to concentrations of  the analytes. 
Table 1 presents the performance data and statistical parameters 
including linear regression equations, concentration ranges, and 
correlation coefficients. The data obtained from the linearity de-
termination experiments was subjected to linear regression analy-
sis. The linearity equations were y = 207903.2x + 9523.5, R2 = 
0.9996 for AML, y = 139253.3x + 5078.9, R2 = 0.9999 for HCT 
and y = 245552.2x - 43200, R2 = 0.9999 for VAL. Correlation co-
efficient R2 values were in all cases greater than 0.999 indicating a 
strong correlation between the concentrations of  the analytes and 
the peak areas and therefore the method could be applied in the 
assay of  all or any of  the three analyte compounds. A summary 
of  the linearity analysis results obtained is shown in Table 1. The 

Figure 9. Effect of  NQS concentration on absorbance of  product AML, HCT and VAL with NQS.

0.0

0.1

0.2

0.3

0.4

0.5

0.1 0.2 0.3 0.4 0.5 0.6 0.7

VAL
HCT
AML

A
bs

or
ba

nc
e

N Q S Concetration %

Figure 10. Job's plots of  continuous variation of  product: AML, HCT and VAL with NQS.

-0.0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0.0 0.2 0.4 0.6 0.8 1.0
VR/VR+VD

A
bs

or
ba

nc
e

VAL
HCT
AML



Mohammed Osman RA, Elbashir AA. Utilization of  1,2-Naphthoquine-4-Sulfonate (NQS) for Development and Validation of  Stability indicating HPLC method for the Simultane-
ous Analysis of  Amlodipine, Hydrochlorothiazide and Valsartan in Pharmaceutical Formulation. Int J Bioanal Methods Bioequival Stud. 2019;5(1):82-92. 88

 OPEN ACCESS                                                                                                                                                                          https://scidoc.org/IJBMBS.php

ICH guidelines recommend that for the establishment of  linearity 
a minimum of  five concentrations be utilized over the range of  
80 to 120 % [40, 41]. This method was found to be linear over the 
range tested for all the three compounds.

Accuracy: The accuracy of  an analytical method is the closeness 
of  the test results obtained by that procedure to a true known 
value. The accuracy of  the proposed method was carried out by 
applying three different concentrations 50%, 100% and 150% of  
three drugs within linear range calculated as the percentage of  the 
drug recovered from the samples, Table 2 shows the recoveries of  
all compounds were within the specified guidelines (ICH) [44, 45].

Robustness: The robustness of  an analytical procedure is a 
measure of  its capacity to remain unaffected by small but de-

liberate variations in method parameters and provides an indi-
cation of  its reliability during normal usage [40]. The proposed 
method, one parameter was changed whereas the others were 
kept unchanged, and the recovery percentage was calculated each 
time, Table 3. On the other hand the chromatographic condition 
variations were investigated by pH in mobile phase, mobile phase 
composition, column, temperature and flow rate are considered. 
Robustness of  the method was determined from the degree of  
variation observed in peak areas and retention times from the 
same working standard solution analyzed while adjusting each of  
the liquid chromatographic factors indicated. Six replicate injec-
tions of  the same working standard solution were run after hav-
ing adjusted a single chromatographic parameter and coefficient 
of  variation of  peak areas of  component peaks calculated. The 
degree of  variation observed was then used to infer the method’s 

Scheme 1. Reaction pathway of  (i) AML ;(ii) HCT and (iii) VAL with NQS.
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robustness, Table 4.

Precision: The precision of  an analytical procedure as the close-
ness of  agreement (degree of  scatter) between a series of  meas-
urements obtained from multiple sampling of  the same homo-
geneous sample under the prescribed conditions. The intra-assay 
precision of  the proposed method was determined on samples of  
drug solutions at 100% concentration level by analyzing 3 repli-
cates of  each sample as a batch in a single assay run. The inter-
assay precision was determined by analyzing the same samples as 

duplicates in three consecutive days. The relative standard devia-
tions (RSD) did not exceed 0.70% , Table 5 proving the high pre-
cision of  the proposed method for the routine application in the 
analysis of  three drugs in quality control laboratories.

Stability tests: The stability test results in terms of  the average 
content of  AML, HCT, and VAL per tablet, in percentage with 
respect to the labeled amount, are presented in Table 6. The quan-
tity of  AML, HCT, and VAL remained fairly constant in acceler-
ated and real storage until the end of  the stability study period (3 

Table 1. Parameters for the performance of  the proposed method.

Parameter Value of  
AML

Value of  
HCT

Value of  
VAL

Measurement wavelength (nm) 360
Linear range (μg/mL) (2 – 30) (2.5 – 30) (32 - 224)

Standard deviation of  the Blank 1035
Intercept 9523.5 5078.9 43200

Slope 207903.2 139253.3 245552.2
Correlation coefficient (r2) 0.999 0.999 0.999

Limit of  detection, LOD (μg/mL) 0.02 0.02 0.01
Limit of  quant., LOQ (μg/mL) 0.05 0.07 0.04

Table 2. Parameters for the performance of  the proposed method.

Drug 
Name

Sample Content 
(μg/ mL)

Amount 
Found Recovery Avg. of  Recovery % 

(RSD %)

AML
50 50.04 100.08

99.99 %( 0.08%)100 99.98 99.98
150 149.88 99.92

HCT
50 49.99 99.98

100.00 %( 0.09%)100 100.10 100.1
150 149.88 99.92

VAL
50 50.03 100.06

100.04 %( 0.06%)100 99.97 99.97
150 150.12 100.08

Table 3. Influence of  small variation in the assay condition on the analytical performance of  the Proposed HPLC method 
for determination of  Amlodipine (AML), Hydrochlorothiazide (HCT) and Valsartan (VAL) by NQS.

Change In Before 
Change pH pH NQS Conc 

(w/v %)
NQS Conc 

(w/v %)
Rection 

Time (Min)
Rection 

Time (Min)
Parameter 12.8 13.2 0.65% 0.55% 12 min 8 min

Amlodipine
Recovery % 99.00% 99.20% 99.20% 98.90% 99.3 100.10% 100.00%

RSD% 0.12% 0.22% 0.40% 0.52% 0.63% 0.22% 0.12%
Hydrochlorothiazide

Recovery % 99.60% 99.30% 99.20% 100.40% 99.20% 100.10% 99.10%
RSD% 0.21% 0.15% 0.12% 0.66% 0.67% 0.23% 0.33%

Valsartan
Recovery % 99.90% 99.10% 99.30% 99.10% 99.20% 100.20% 99.10%

RSD% 0.34% 0.25% 0.33% 0.35% 0.66% 0.89% 0.78%
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months). The stability results suggest that No significant degrada-
tion was observed and the relative standard deviation between the 
result of  time initial and after 1, 2, and 3 months in the stability 
chamber.

Application of  the Proposed Method to Analysis of  AML, 
HCT and VAL in Tablets

The validity of  the proposed method was ascertained by the sta-

tistical comparison of  the results obtained by a official HPLC 
method (United States pharmacopeia) with the proposed method 
by applying Student’s t-test for accuracy and F-test for precision in 
some commercial formulations. The results were compared with 
those of  the reported method. Statistical analysis of  the results 
using the Student’s t- and F-tests revealed no significant differ-
ence between the reported method at the 95% confidence level 
with respect to accuracy and precision Table 5.

Table 4. Influence of  small variation in the assay condition on the analytical performance of  the Proposed HPLC method 
for determination of  Amlodipine (AML), Hydrochlorothiazide (HCT) and Valsartan (VAL) by NQS.

Change In Before 
Change

Flow 
Rate

Flow 
Rate

Mobile 
Phase

Mobile 
Phase λ nm λ nm

Parameter 1.4 
ml/min

1.6 
ml/min

+10% 
acetonitrile

-10% 
acetonitrile

-2 nm 
(458)

+2 nm 
(462)

Amlodipine
Retention Time 2.39 2.44 2.19 2.015 3.01 2.38 2.39
Tailing Factor 1.24 1.28 1.27 1.22 1.28 1.26 1.25

Hydrochlorothiazide
Retention Time 1.86 1.81 1.66 1.59 2.05 1.88 1.89
Tailing Factor 0.99 1.11 0.99 1.10 1.02 0.99 0.99

Valsartan
Retention Time 3.35 3.43 3.23 3.12 4.22 3.43 3.39
Tailing Factor 0.99 1.05 1.01 1.02 1.13 1.12 1.10

Table 5. Analysis of  AML, HCT and VAL containing dosage forms with NQS by the proposed and Official HPLC methods 
(United States Pharmacopoeia).

Drug Name

Recovery % +RSD
Agreement 

Between Two 
Methods

t- Value F. Value
Official 
Method

 Proposed 
Method

intra - assay 
precision

inter - assay 
precision

AML 99.93 99.77 100.22 0.44 1.74
HCT 100.15 99.56 99.81 0.52 1.65
VAL 99.87 98.88 99.01 0.69 1.82

Average (RSD %)
AML 99.85 %( 0.11%)
HCT 99.86 %( 0.42%)
VAL 99.38 %( 0.70%)

Table 6. Stability studies for the determination of  Amlodipine (AML), Hydrochlorothiazide (HCT), and Valsartan (VAL) 
with NQS by the proposed method.

Time (Month)

Accelerated Storage Conditions
40°C and 75%

Real Storage Conditions
25°C and 60%

AML % HCT % VAL % AML % HCT 
% VAL %

0 Time 98.20% 98.20% 98.20% 98.20% 98.20% 98.20%
1 month 99.10% 99.10% 99.10% 99.10% 99.10% 99.10%
2 month 99.40% 99.40% 99.40% 99.40% 99.40% 99.40%
3 month 98.90% 98.90% 98.90% 98.90% 98.90% 98.90%
RSD% 0.516 0.516 0.516 0.516 0.516 0.516
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Reaction Mechanism

It has been reported that NQS could react with amino group of  
primary and secondary amine derivative .Similarly, amino group 
of  AML, HCT and VAL taking on nucleophilicity due to the lone 
electron pair of  nitrogen atoms, trends to attack on the electron 
deficient center in NQS, namely no. 4 carbon atom (3, 4 C-C can 
bond conjugate with 2-C O, as a result 4-C of  NQS becomes 
electron lacking center). At the same time, it has been proved that 
the composition of  Product is 1:1 of  all three drugs with NQS. 
The reactions equations are shown in Scheme 1.

Conclusion

The present study described the evaluation of  (NQS) and as ana-
lytical reagent in the development of  simple, sensitive, and accu-
rate HPLC methods, for the determination of  amlodipine (AML), 
hydrochlorothiazide (HCT) and valsartan (VAL) in pharmaceuti-
cal formulations. The proposed method has comparable analytical 
performances and devoid from any potential interference. This 
gives the advantage of  flexibility in performing the analysis on any 
available instrument. Therefore, this method can be recommend-
ed for the routine analysis of  amlodipine (AML), hydrochlorothi-
azide (HCT) and valsartan (VAL) in quality control laboratories.
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