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Determination of Acetaldehyde Content in Candesartan
Cilexetil by HPLC
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Kumar et al.: Determination of Acetaldehyde Content in Candesartan Cilexetil
A sensitive, cost-effective, reproducible high-performance liquid chromatography method was developed
and validated for quantitative determination of acetaldehyde in candesartan cilexetil using the concept of
threshold of toxicological concern. Acetaldehyde is reacted with 2,4-dinitrophenylhydrazine to form a Schiff
base product with an absorbing maximum at 364 nm. Effective chromatographic separation was achieved
on an Inertsil ODS 3V, 250×4.6 mm, 5 µm column with a mobile phase of 40:60 v/v water and acetonitrile
and at a flow rate of 1.0 ml/min. The column temperature was controlled at 25° and the injection volume
was 30 µl. These conditions resolved the dinitrophenylhydrazine-acetaldehyde product with unreacted
dinitrophenylhydrazine, the drug substances and related impurities, as well as diluent peak within 20 min.
The retention time of dinitrophenylhydrazine-acetaldehyde product was approximately 10.6 min. The
method was linear, accurate, precise, specific, rapid and found suitable for this analysis.
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Candesartan cilexetil (CC) is a non-peptide tetrazole
derivative drug and official in European, British,
Japanese and US Pharmacopoeia. Its molecular formula
is C33H34N6O6 and molecular weight is 610.67. The drug
is used mainly for the treatment of hypertension and
commercially available in 4, 8, 16 and 32 mg of tablet
dosage form either individually or in combination with
other antihypertensive drugs[1-3].

a skin and mucous membrane irritant, which causes a
burning sensation of the nose, throat, and eyes. Large
exposure of ACD may cause death due to respiratory
paralysis[5]. The International Agency for Research on
Cancer has listed ACD as a first group carcinogen and
one of the most frequently found air toxin with a high
risk of cancer[6,7]. In addition, ACD appears to DNA

Acetaldehyde (ACD) is a highly toxic, mutagenic
and genotoxic carcinogen[4]. The exposure of ACD
results in effects including irritation of the eyes,
skin, and respiratory tract and may cause toxicity if
inhaled, ingested, or absorbed through the skin. It is
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and cause abnormal muscle development as it binds to
proteins. 1-Chloroethylcyclohexyl carbonate was used
as a reagent in the esterification step of CC synthesis[8].
ACD was generated as a byproduct during this step
and identified as a genotoxic impurity according to
the guidelines[9,10]. The chemical structures of CC and
ACD are presented in fig. 1.
ACD has no chromophore and for this reason
not detected by the UV detector. But due to its
functional carbonyl group and low molecular weight
ACD can be derivatized with several derivatization
agents. The most widely used derivatization agent is
2,4-dinitrophenylhydrazine (DNPH). In acidic media,
DNPH reacted with carbonyl group of ACD to form
Schiff base derivatization product DNPH-ACD[11,12].
The derivatization reaction leads to an orange colored
mixture of DNPH-ACD as shown in fig. 2.
Detailed literature survey revealed that the many
high-performance liquid chromatography (HPLC)
and gas chromatography (GC) methods have been
reported for the determination of the CC individually
or in combination with other drugs. However, very
few HPLC methods are reported for the analysis of
aldehyde using a derivatization reaction with DNPH
in drug substances[13-15] and blood plasma[16]. To our
knowledge no HPLC method is reported for quantitative
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Fig. 1: Chemical structures of (a) candesartan cilexetil and (b)
acetaldehyde

determination of ACD in CC. In this communication, a
validated HPLC method for quantitative determination
of ACD in CC using a derivatization reaction was
reported.
HPLC-grade water, orthophosphoric acid, carbon
tetrachloride and acetonitrile were procured from
Merck, Mumbai, India. AR grade DNPH (97 %) was
purchased from Thomas Baker, Mumbai, India. ACD
standard (99.9 %) was purchased from Sigma-Aldrich.
All pure drug substances and impurities were procured
from Macleods Pharmaceutical Ltd. The HPLC system
consisted of Shimadzu model LC 2010 CHT, UV and
photodiode array detector. The output signals were
monitored and integrated using LC solution software.
A Sartorius analytical balance and a Pico+ pH meter
were used.
A reversed phase analytical column, Inertsil ODS 3V
(250×4.6 mm, 5 µm) was used. Water and acetonitrile
(40:60, v/v) was used as mobile phase and detection
wavelength was set at 364 nm. The injection volume
was 30 µl and flow rate was set at 1.0 ml/min. The run
time was kept 20 min, the column temperature was
maintained at 25° and water was used as the diluent.
DNPH solution was prepared by adding 250 mg of
DNPH standard to a 250 ml dry separating funnel
containing 85 ml acetonitrile and shaking the funnel
for 5 min to dissolve DNPH. Carbon tetrachloride
(14 ml) and orthophosphoric acid (1 ml) were added
to the funnel and 100 ml of HPLC-grade water was
added at the end and allowed for complete separation
of the two layers. The lower layer was discarded and
the upper layer was used as a reagent solution. To 5 ml
of DNPH solution, 3 ml of acetonitrile was added in a
10 ml volumetric flask and diluted to volume with
water. This solution was allowed to stand at room
temperature for 60 min and then used as blank solution.
To a 50 ml volumetric flask, 8.7 mg of ACD standard
was added, dissolved in 10 ml of water and diluted

Fig. 2: Derivatization reaction of acetaldehyde (ACD) with 2, 4-dinitrophenylhydrazine (DNPH)
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to volume with water. This solution was labelled as
0.174 mg/ml. One milliliter aliquot of the 0.174 mg/ml
solution was pipette out into a 50 ml volumetric flask
and diluted to volume with water and this solution was
labelled as 0.00348 mg/ml. To a 10 ml volumetric flask,
1 ml of 0.00348 mg/ml, 5 ml of DNPH solution, and
3 ml of acetonitrile were added and diluted to volume
with water and this allows standing at room temperature
for 60 min and used as derivatized standard solution.
To a 10 ml volumetric flask, 1 ml of ACD solution
(0.00348 mg/ml), 5 ml of DNPH solution, and 3 ml
of acetonitrile were added and this solution allowed to
stand at room temperature for 10, 20, 30, 40, 60, 120,
180 min. At each interval, diluted reaction was analysed
by HPLC and ACD was quantitatively converted to the
derivatization product in 60 min.
Approximately 75 mg of CC was accurately weighed,
transferred to a 10 ml volumetric flask, 5 ml of DNPH
solution and 3 ml of acetonitrile were added and diluted
to volume with water. This solution allowed to stand
at room temperature for 60 min, filtered through a
0.45 µ nylon filter and the clear solution obtained was
used for injection.
Evaluation limit for the genotoxic ACD impurity in
CC was calculated based on threshold of toxicological
concern (TTC) and the maximum daily dose of CC
which was 32 mg. The maximum daily exposure target
of genotoxic impurities is 1.5 µg/day per person. Hence
the limit for ACD impurity was 1.5/0.0320=46.88 µg/g.
The desired specificity of the method was achieved on
an Inertsil ODS 3V (250×4.6 mm, 5µm) column with
water and acetonitrile in the ratio (40:60, v/v) as mobile
phase. Impurities were monitored using the detector at
364 nm (fig. 3).
In order to validate the developed HPLC method,
validation characteristics such as specificity, detection
limit, quantitation limit, linearity, precision, accuracy
robustness and solution stability were considered as
per ICH guideline[17]. The analyte ACD had excellent
miscibility with water and the CC sample was
insoluble. This ensured that the sample containing
ACD as impurity at trace level could be detected and
with a proper peak shape and without any interference
from impurities and diluent peak.
Specificity of the method for the estimation of the ACD
impurity in CC in the present study was achieved by
injecting separately derivatized solutions of blank,
standard, sample and sample spiked with ACD standard
individually. Fig. 4A showed overlain chromatograms,
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which gave evidence that no interference with the
DNPH-ACD derivatization product. The retention
times of DNPH and DNPH-ACD have recorded at 5.3
and 10.6 min, while the CC peak was not detected due
to being insoluble in the selected diluent.
According to USP, system suitability test is an integral
part of liquid chromatographic methods to verify
that the system is adequate for the analysis. Standard
solution was prepared and 30 μl in six replicates was
injected into the HPLC system. The obtained peak was
calculated for the % RSD for six replicate injections
of the standard was 0.46>5 %. The result was found
to comply with USP requirements, which indicated
that the chromatographic system is adequate for the
intended analysis. Overlain chromatograms of replicate
standard injection were presented in fig. 4B.
Sensitivity was determined by establishing limit
of detection (LOD) and limit of quantification
(LOQ) through signal-to-noise ratio of 3:1 and 10:1,
respectively, by injecting a series of dilute solutions
having a known concentration. LOD of the impurity
is defined as the lowest concentration that can be
detected and LOQ is the lowest concentration that can
be quantified with acceptable precision and accuracy.
The LOD and LOQ value for the impurity was found
to be 0.20 and 0.58 µg/g, respectively. Precision study
was carried out at LOQ by injecting six individual
preparations of impurity and calculating % RSD i.e.
2.32>10 %. The representative chromatograms were
shown in fig. 4C.
The method was found to exhibit good linearity (fig. 5A)
in the 364 nm absorption with increasing concentration
of ACD standard LOQ to 150 % of the evaluation limit.
The result of correlation coefficient was observed
(R2=0.9998<0.990). Accuracy and precision were
validated on a CC sample spiked with ACD at three
concentration levels covering the specified range with
six replication for 46.88 µg/g ACD concentration
30
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Fig. 3: UV absorbance spectrum of the DNPH-ACD derivatized
product
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were shown in fig. 5C. The developed and validated
method was tested on three batches of manufactured
CC. The samples were taken and subjected to the
derivatization reaction. Fig. 5D showed the overlain
chromatograms of these experiments where the CC
without ACD spiked was compared against spiked
samples demonstrating that ACD was not detected.
The summary of the validation result is presented in
Table 1. The isocratic HPLC method developed for the
quantitative determination of genotoxic ACD impurity
in CC is linear, precise, accurate, rugged and robust.
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and three replicates for 23.44 and 70.32 µg/g. The
sample solution was prepared at a concentration
of 7.5 mg/ml. The individual percent recoveries
for all preparations were from 95.12-105.64 %
and the % RSD of six replicate at 46.88 µg/g was
1.12>10 %. The representative chromatograms were
shown in fig. 5B. Solution stability on the standard
concentrations was tested for <2, 4, 12 and 24 h time
point at laboratory temperature. Solution stability runs
indicated that the DNPH-ACD adduct is stable up to
24 h at observed room temperature.
To determine the robustness of the method, experimental
conditions were deliberately altered and the system
suitability result was evaluated. To study the effect of
flow rate, it was changed by 0.2 units from 1.0 to 0.8
and 1.2 ml/min. The effect of column temperature was
studied by changing 5° units from 25° to 20° and 30°.
These results revealed that the deliberate changes in
the method i.e. flow rate of mobile phase and column
oven temperature have no impact on system suitability.
The Overlain chromatograms of robustness condition
July-August 2018
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Fig. 4: Overlain chromatograms
A. Overlain specificity chromatograms, a) derivatized, b) blank,
c) sample, d) ACD standard and e) sample spiked with ACD.
B. Overlain system suitability chromatograms. C. Overlain
sensitivity chromatograms, a) blank, b) LOD and c) LOQ
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Fig. 5: Overlain chromatograms
A) Overlain linearity chromatograms showing increased peak
intensity of the derivatized standard. B) Overlain accuracy
chromatograms of derivatized a) blank, b, c, d) sample spiked
with ACD at 50, 100 and 150 %. C) Overlain robustness
condition chromatograms of derivatized a) control, b) low
temperature c) high temperature, d) high flow rate and e) low
flow rate. D) Overlain chromatograms of derivatized, a, b, c)
manufacturing batches and d) sample spiked with ACD
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TABLE 1: SUMMARY OF METHOD VALIDATION DATA
Parameter
System
suitability

Experiment
The standard solution injected six replicate and measured the
peak area response

Specificity

Method blank, as such sample and spiked sample

Limit of
detection
Limit of
quantitation
Linearity

Accuracy/
precision

Solution
stability

Robustness

0.20 µg/g concentration of ACD standard

Signal to noise ratio 14.65 and % RSD of
peak is 2.32
Correlation coefficient (R2): 0.9998, slope:
ACD standard at six levels with the concentration of 0.58,
7201.78, intercept: –3427.39, residual sum
23.44, 37.50, 46.88, 56.26, 70.32 µg/g of the evaluation limit
of square: 61326262.6
70.33
Accuracy/ 46.88 µg/g 23.44 µg/g
µg/g
Precision
(n=6)
(n=3)
Six replicate sample solutions (7.5 mg/ml) were spiked with
(n=3)
ACD at 46.88 µg/g, three replicate sample solutions (7.5 mg/
Recovery
ml) were spiked with ACD at 23.44 and 70.33 µg/g
99.2
95.8
104.3
Mean
% RSD
1.12
0.70
1.46
The % RSD of DNPH-ACD peak at 24 h was
Standard solution was stored at room temperature for 24 h
less than 5.0 %
Robustness
RT (min)
% RSD
Control
10.6
1.14
The peak DNPH-ACD should be well-resolved from unknown
0.8 ml/min
11.2
1.25
peak under robustness conditions
% RSD of DNPH-ACD peak area of six replicate standard
1.2 ml/min
9.8
1.65
solutions not more than 5.0 % under robustness conditions
20°
10.6
1.98
30°
10.6
1.23
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