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ABSTRACT

4-hydrazinobenzoic acid has been highlighted as one of the potential genotoxic impurities (PGIs). A sensitive HPLC
method was developed and validated for the determination of 4-hydrazino benzoic acid in Deferasirox Tablet. HPLC
method on Zorbax SB C18 column (250 x 4.6 mm i.d.), 5 um, with UV Detector was used. The proposed method was
cost effective, specific, linear, accurate, rugged and precise. The calibration curves showed good linearity over the con-
centration range of 0.5 pg/ml to 1.5 pg/ml with respect to the sample. The correlation coefficient was 0.999. Excellent

recoveries of 102% were obtained at the level 0.5 pg/ml.
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1. Introduction

Deferasirox is an orally administered iron chelator used
to reduce chronic overload in patients who are receiving
long term blood transfusion for conditions such as beta
thalassemia and chronic anaemia. It is the first oral me-
dication approved in USA for this. Two molecules of De-
ferasirox are capable of binding to one atom of iron
which is subsequently eliminated by fecal excretion. Its
low molecular weight and high lipophilicity allows the
drug to be taken orally.

Synthetic starting materials and intermediates are reac-
tive by design and may occur as impurities in the final
APIL. The nature of this chemical reactivity can often be
translated into biological reactivity and these materials can
often be mutagens or carcinogens. Many times it has been
established that due to high chemical relativities the fate
of the several genotoxic agents precluded their retention
within the final API especially if their formation was
separated from the final API by several synthetic steps.

4-hydrazinobenzoic acids are often used during manu-
facture of pharmaceuticals, as counter-ions to form salt,
as acid catalysts or as the result of protecting group re-
moval during the synthesis. In fact 4-hydrazinobenzoic
acid is a known genotoxin and is known to be carcino-
genic in rats and mice [1]. The potential presence of
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these genotoxins has attracted the attention of regulatory
authorities, although no official guidelines have yet been
issued. Draft guidelines [2] from the European agency
and feedback from the US Food Drug Administration
(FDA) to the pharmaceuticals industry via responses to
drug applications have enabled the industry to establish
interim strategies. Generally, it is accepted that genotox-
ins will be limited to a daily dose of 1.0 pg/day to 1.5
ug/day unless safety studies establish that it is safe to
receive a higher dose or that the drug is used for only a
short term exposure, e.g. as an antibiotic. As some geno-
toxicity studies can take up to two years, e.g. carcino-
genicity studies, it is preferable for the potential genoto-
xins to be controlled during the synthesis. In some cases
where levels cannot be controlled and no safety data ex-
ists, it may be preferable for the pharmaceutical company
to change the route of the drug substance or the isolation
procedure, though this normally happens only during
early development. Although, 4-hydrazinobenzoic acid is
a well known carcinogen [3,4], this data would infer that
the regulatory authorities may be expected to request
levels of 4-hydrazinobenzoic acid to be controlled to 0.7
ppm in the drug substance (assuming a 1 g/day daily
dose) or safety data to justify a greater dose.

Due to the increasing concern from the regulatory per-
spective in relation to the potential hazards, there has
been a general renaissance and increased number of ana-
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lytical techniques, Liquid chromatographic methods util-
izing mass spectrometric detectors is reported in litera-
ture for the determination of 4-hydrazinobenzoic acid im-
purities [5]. But this method is quite expensive as it re-
quires MS detector for low level determination.

The proposed HPLC method for determination of 4-
hydrazinobenzoic acid is sensitive and robust involving
no laborious sample preparation steps. This method has
many advantages over the method reported in the litera-
ture in terms of cost, specificity, accuracy and reproduci-
bility. Matrix interference is dealt in the method by util-
izing two diluents. First diluent in which high concentra-
tion of Deferasirox and 4-hydrazinobenzoic acid is solu-
ble and then high concentration of Deferasirox is preci-
pitated out by addition of Second Diluent and filtrate
contains 4-hydrazinobenzoic acid.

Synthesis of Deferasirox

Deferasirox can be prepared from simple commercially
available starting materials (salicylic acid, salicylamide
and 4-hydrazinobenzoic acid) in the following two-step
synthetic sequence (Figure 1). The condensation of sali-
cyloyl chloride (formed in situ from salicylic acid and
thionyl chloride) with salicylamide under dehydrating
reaction conditions results in formation of 2-(2-hydroxy-
phenyl)-1,3(4H)-benzoxazin-4-one. This intermediate is
isolated and reacted with 4-hydrazino benzoic acid in the
presence of base to give 4-(3,5-bis(2-hydroxyphenyl)-1,
2,4-triazol-1-yl)benzoic acid (Deferasirox) [6].

2. Material and methods
2.1. Reagents and Chemicals

HPLC-grade acetonitrile was purchased from J T Baker
(Phillipsburg, USA); Perchloric acid was purchased from
Sigma-Aldrich (Milwaukee, WI), purified water collec-
ted through Milli-Q water purification system (Millipore,
Bedford, MA, USA). Reference substances 4-hydrazino-
benzoic acid was purchased from Sigma Aldrich (Mil-
waukee, WI) and Deferasirox Tablet (Exjade) samples
were obtained from Market.

2.2. Column Selection and Mobile Phase
Optimization

For adequate retention of 4-hydrazinobenzoic acid on
different columns like Hypersil BDS C18, Kromasil C18
and Zorbax C18 of different dimensions were evaluated.
On Hypersil BDS C18 and Kromasil C18 early elution,
blank interference and inadequate separation of analytes
was observed. However, on Zorbax C18 column the se-
paration and the response for 4-hydrazinobenzoic acid
were found to be suitable.

Different composition of mobile phase using 0.1%
triethylamine adjusted pH 2 with perchloric acid and ace-
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tonitrile were studied. Good separation and responses
were observed using gradient composition of 0.1% trie-
thylamine (v/v in water) adjusted pH 2 with percholoric
acid and acetonitrile was optimized with column oven
temperature of 30°C at a flow rate of 1.0 mL per minute.
Under these conditions the retention time of 4-hydrazino-
benzoic acid were observed to be about 4.0 minutes.

2.3. Instrumentation

Chromatography

The Liquid Chromatography system used was an Agilent
1100 series LC system (Agilent Technologies) consisting
of an 1100 series pump with a degasser, a temperature
controlled micro-well plate, auto sampler and a column
compartment. The analytical column was a Zorbax SB
C18 (250 x 4.6 mm) 5 pm. The mobile phase consisted
of mobile phase-A (0.2% Triethylamine adjusted to pH
2.0 with perchloric acid) and mobile phase-B (Acetoni-
trile). The flow rate was 1.0 ml/min and the run time was
45 minutes. Column oven temperature was maintained at
30°C. Injection volume was 100 pL. The gradient opti-
mized (Table 1) was as follows. The diluents are -Diluent-
A: Diluted 6.5 ml of triethylamine in 100 ml water;
Diluent B-70% Perchloric acid; Diluent C-Diluent A:Di-
luent B:Water (6:2:2).

2.4 Standard and Sample Preparation

2.4.1. Standard Preparation

Stock standard solution of 4-hydrazinobenzoic acid was
prepared in diluents C to obtain the concentration as
100.0 pg/ml. Final standard solution was prepared in
Diluent C having 0.05 pg/ml (which is equal to 1 pg/ml
with respect to sample concentration).

SOCl,, pyridine
0 10 xylenes, reflux, 4 hA

A Pt g
[ OH+p = NH 0L L -
SAN0H S oH I

Salicylic acid Salicylamide 0
4-hba Y- OH
HN 7
N L BN N
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EtOH, reflux, 2 h —N\ /=N
~ ?\]'L]\f/ﬂ\ﬁ//
oy HO
~#~0H
Deferasirox

Figure 1. Synthesis of deferasirox.

Table 1. Gradient composition.

Time (min) 0 10 25 40 40.1 45

Mobile Phase A 95 95 75 75 95 95

Mobile Phase B 5 5 75 75 5 5
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2.4.2. Sample Preparation

10 tablets of Deferasirox were crushed and weighed
sample of equivalent weight to 500 mg Deferasirox in 25
ml volumetric flask, added 6 ml of diluent A. After soni-
cation for 15 minutes, 2 ml of diluent B was added. So-
nicate again for 15 minutes and cool the solution. Add 2
ml of water and filter this sample solution through 0.45 u
polytertafluoroethylene (PTFE) filter. This filtrate is used
for further analysis.

2.4.3. Optimization of Sample Preparation

Sample preparation is an important part of the geno-
toxic impurity analysis. This is important as the matrix
effects in trace analysis get magnified resulting in the
loss of sensitivity, abnormal recovery. Matrix effect also
primarily causes analyte’s instability. As the quantitation
was required to be done at very trace levels, therefore,
the sample concentration was required to be increased in
order to reach accurate detection at trace levels. Sample
preparations were carried out in first diluent followed by
addition of second diluents to precipitate. Diluent selec-
tion was accomplished in such a way that in diluent A,
Deferasirox and 4-hydrazinobenzoic acid had high solu-
bility and the addition of second diluent B caused pre-
cipitation of Deferasirox at the same time 4-hydrazino-
benzoic acid was completely extractable from the matrix.

The deduction of selecting basic additives in the dilu-
ents A and B that is first and second diluent is given
ahead. First diluent-Diluent A brought about Deferasirox
and 4-hydrazino benzoic acid to dissolve. As mobile phase
contained triethylamine hence 6.5% triethylamine used
as basic medium in first diluent. The role of acidic addi-
tive in second diluent diluent B was to precipitate large
quantity of Deferasirox by neutralizing triethyla- mine.
As perchloric acid is strong acid hence it is required in
very less quantity to neutralize triethylamine without
diluting the sample. Therefore, 70% perchloric acid was
selected as second diluent.

In second diluent, Deferasirox was insoluble and the
analyte 4-hydrazinobenzoic acid had excellent solubility.
This ensued in removal of the matrix and at the same time
optimum extraction of the analyte, resulting in proper peak
shapes and good recovery in the range of 100.67% to

107% for 4-hydrazinobenzoic acid.

3. Results and Discussion

The developed HPLC method for the determination of 4-
hydrazinobenzoic acid in Deferasirox tablet was vali-
dated. The linearity was assessed by preparing and ana-
lyzing six calibrators of 4-hydrazinobenzoic acid in the
concentration range of 0.5 - 1.5 pg/ml. The slope, inter-
cept and regression coefficient were determined by the
least squares linear regression analysis. System precision
was done by six replicated injections of the standard pre-
paration.

The limit of quantitation (LOQ) was calculated on the
basis of the lowest concentration of 4-hydrazinobenzoic
acid that gives signal to noise ratio not less than (NLT)
10. The precision and accuracy were evaluated by spik-
ing 4-hydrazinobenzoic acid and determining the % RSD
< 5%. Stability of analytical solution was evaluated at
25°C for 24 hours. Ruggedness study was performed by
different scientist using different column by spiking ana-
lytes and determining the % RSD < 10%.

Validation was necessary before the application of the
developed mass procedure to the commercial products.
The developed method for the determination of 4-hydra-
zinobenzoic acid in Deferasirox Formulation was vali-
dated. The linearity was established by plotting the peak
area counts of analytes versus concentration of analytes
in the concentration range of 0.5 pg/ml to 1.5 pg/ml.
Data is summarized in Table 2. The slope, intercept and
regression coefficient were determined by the least squa-
res linear regression analysis. Linearity correlations of
the peak area counts and concentration of the analytes
was achieved r* = 0.999. This is represented graphically
in Figure 2.

The LOQ was calculated on the basis of the lowest
concentration of analytes that gives Signal to Noise ratio
NLT 10 and for LOD NLT 3. LOD was found 0.16
pg/ml and LOQ was found 0.5 pg/ml. System precision
was 2.2% for 4-hydrazinobenzoic acid. 4-hydrazinoben-
zoic acid was not found in the Deferasirox sample hence
method precision and accuracy experiments were per-
formed by spiking 4-hydrazinobenzoic acid and deter-

Table 2. Linearity of 4-hydrazino benzoic acid at different level.

As such Conc. of 4-hydrazinobenzoic
Level

Sample Conc.

Concentration of 4-hydrazinobenzoic acid (pg/ml)

acid (pg/ml) with respect to sample
LOQ 0.025 50,000 0.5
LEVEL 1 0.035 50,000 0.7
LEVEL 2 (W.L) (100%) 0.050 50,000 1.0
LEVEL 3 0.060 50,000 1.2
LEVEL 4 (150%) 0.075 50,000 1.5
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Figure 2. Linearity plot of 4-hydrazinobenzoic acid in the concentration range of 0.025 pg/ml to 0.075 pg/ml.
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Figure 3. Accuracy of 4-hydrazinobenzoic acid in Deferasirox Formulation at Working Level.
Table 3. Accuracy of spiking 4-hydrazinobenzoic acid at different level.
Amount of 4-hydrazinobenzoic acid Amount Added with respect Amount found with respect to o
Level . % Recovery
present in Analysed sample to sample pg/ml sample pg/ml
50% Recovery 1 nil 0.51 0.52 101.96
50% Recovery 2 nil 0.49 0.50 102.04
50% Recovery 3 nil 0.50 0.51 102.00
100% Recovery 1 nil 1.10 1.18 107.27
100% Recovery 2 nil 1.10 1.16 105.45
100% Recovery 3 nil 1.00 1.07 107.00
150% Recovery 1 nil 1.50 1.51 100.67
150% Recovery 2 nil 1.52 1.57 103.29
150% Recovery 3 nil 1.51 1.58 104.64
Mean 103.81
SD 2.39
% RSD 2.30
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mining the % RSD. Recovery of the spiked amounts of
analytes were calculated (Figure 3), the mean recovery
percentages were observed to be in the range of 102% -
107% for 4-hydrazinobenzoic acid. Data is summarized
in Table 3. Stability of analytical solution was evaluated
at 25°C for 24 hours and the solution was observed stable
during this period.

Ruggedness study was performed by different scientist
using different column. The % RSD for ruggedness study
was observed as 2.5% for 4-hydrazinobenzoic acid. The
derived values indicated good reproducibility and sensi-
tivity of the method.

4. Conclusion

A method on HPLC was fabricated for screening and
quantification of 4-hydrazinobenzoic acid in the Defera-
sirox Formulation. This HPLC method was cost effective,
sensitive and specific for the detection of 4-hydrazino-
benzoic acid in the Deferasirox Formulation. Further-
more, the method was accurate and reproducible for
measurement of 4-hydrazinobenzoic acid. The high levels
of 4-hydrazinobenzoic acid in the formulation might be
dangerous if this product is not properly tested by drug
quality control laboratories. The described method pre-
sents a highly reliable technique for rapid detection of
genotoxic impurities in this formulation with accuracy
and precision.
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