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Abstract

A simple and specific reversed phase HPLC method for the determination of dinitrosopiperazine in simulated
gastric juice using UV detection was reported. The chromatographic resolution of the analyte and the internal
standard isosorbide dinitrate was performed without extraction from the gastric juice on a reversed phase ODS
column. Isocratic elution was carried out with methanol–0.02 M sodium dihydrogen phosphate (60:40 v/v, pH 3.0)
at a flow rate of 1.0 ml min−1 with UV detection at 238 nm. The calibration graph was linear over the concentration
range 0.072–2.88 �g ml−1 of dinitrosopiperazine with minimum detectability (S/N=2) of 0.01 �g ml−1 (8×10−8

M). Inter-day and intra-day precisions calculated as% RSD were in the range 0.32–0.38% and 0.19–0.25%
respectively. Inter-day and intra-day accuracies calculated as% error were in the range 0.18–0.21 and 0.08–0.11%
respectively. The proposed method was successfully applied to the study of the possible in–vivo production of DNPZ
under the standard nitrosation conditions recommended by WHO. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

N–nitroso compounds are powerful carcino-
gens that are formed when amines and amides
react with nitrite [1]. Their formation has been
demonstrated in gastric juice of experimental ani-
mals [2,3] and humans [4,5]. Gastric cancer is
more common in areas where drinking water con-

tains a lot of nitrate and bacteria which reduce
nitrate to nitrite [6,7]. Drugs with amino or amide
groups have been shown to yield genotoxic N–ni-
troso derivatives [8–10].

Piperazine is widely used as an anthelmintic
drug, in addition to being active in the treatment
of gout and urinary lithiasis by increasing uric
acid excretion and dissolving urate crystals [11]. It
is rapidly nitrosated under simulated gastric juice
(SGJ) conditions to produce the carcinogens N–
mononitrosopiperazine (MNPZ) and N,N–dini-
trosopiperazine (DNPZ) [12]. DNPZ–being the
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more potent carcinogen [13] is not immediately
formed, however MNPZ is probably— in part—
converted by transnitrosation to DNPZ [14].
Long term, low-grade exposure to piperazine may
also involve a considerable risk, not least since the
more potent carcinogen DNPZ is more likely to
be produced when nitrite is in excess of piperazine
[12]. These findings support the views that piper-
azine drugs should be formulated with a nitrite
trap (e.g. ascorbic acid) to slow down the nitrosa-
tion reaction. For N–nitrosopiperazine in biologi-
cal fluids the literature revealed that, it has been
determined by spectrophotometery [15,16],
voltammetry [17], TLC [18] and GLC using nitro-
gen–specific flame ionization detection [19], or
with thermal energy analysis [20]. These GLC
methods offer a high degree of specificity sample
clean-up and instrument limitations preclude their
use in routine clinical studies. Therefore there is
still a need for an alternative substitute for these
methods. A detailed overview in the literature
revealed that no study has yet determined the
possible in-vivo production of DNPZ in SGJ us-
ing HPLC method.

HPLC is the reliable substitute used in checking
the possible formation of N–nitroso compounds
and directly calculating their amounts in the reac-
tion mixture with higher degree of accuracy. This
paper describes a reversed phase HPLC method
using UV-detection to measure low concentra-
tions of N, N–dinitrosopiperazine in gastric juice.
The method is linear over the range 0.072–2.88 �g
ml−1 with detection limit of 0.011 �g ml−1 (S/
N=2).

2. Experimental

2.1. Materials and reagents

Piperazine citrate was obtained from Pharco
Pharmaceutical Co. (Alexandria, Egypt). N, N–
dinitrosopiperazine was synthesized in our labora-
tory according to the method described by USP
24 [21] and it is stable for months in its dry form.
lsosorbide dinitrate was obtained from EIPICO
Pharmaceutical Co (Cairo, Egypt). Pepsin was
obtained from Sigma Chimica (Milan, Italy). Sim-

ulated gastric juice (SGJ) was prepared according
to USP 24 [21]. Methanol (Merck) was HPLC
grade. Sodium dihydrogen phosphate (0.02 M)
was prepared. The mobile phase was isocratic
mix. of methanol–0.02 M sodium dihydrogen
phosphate (60:40 v/v) was prepared and adjusted
to pH 3.0 by phosphoric acid. All chromato-
graphic solutions were filtered through 0.45 �m
memberane filter (Gilman Instrument Co.).

2.2. Chromatographic conditions and
instrumentation

The chromatographic analyses were performed
with a Merck Hitachi Chromatograph L-7100,
injector valve with a 20 �l loop and a Merck
Hitachi L-7400 UV detector (Darmstadt, Ger-
many). Retention times, peak areas and UV spec-
tra were recorded on a Merck Hitachi D-7500
integrator. Solvents were degassed using Merck
Solvent L–7612 degasser. A Hibar® pre- packed
column RT 250-4, Lichrosorb® RP-18 (5 �m)
combined with guard column (Darmstadt, Ger-
many) was used.

2.3. Standard solutions

Standard solution of N,N-dinitrosopiperazine
was prepared by dissolving 36.0 mg in 15.0 ml of
methanol,then completing to 25.0 ml with SGJ in
a measuring flask. This solution was further di-
luted with the mobile phase to give the final
concentration required for preparation of calibra-
tion graph. The solution is stable for at least one
week when kept in the refrigerator.

2.4. Procedure for calibration cur�e

Transfer aliquots of the standard solution con-
taining DNPZ within the concentration range
cited in Table 1 into a 10 ml measuring flask, add
0.5 ml of 1.0 mg ml−1 of the internal standard
(I.S.) solution. Complete to the mark with the
mobile phase. A 20 �l aliquot was injected (tripli-
cate) and the calibration curve was constructed by
plotting the peak area ratios against the final
concentration of DNPZ. Unknown concentration
of DNPZ was quantified by relating the respective
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peak area ratios to the regression line; data are
presented as percentage of DNPZ.

2.5. Conditions of nitrosation

To check the possible formation of DNPZ from
the interaction between the drug and the nitrite-
rich gastric juice, the nitrosation reactions were
carried out under the conditions recommended by
WHO [22] (condition A), in physiological like
conditions containing a therapeutic dose of the
drug (condition B) and within the limit of quanti-
tation of the method (condition C). All the reac-
tions were carried out at 37 °C with stirring for 3
h and checked at 5, 15, 30 and up to 180 min.

2.5.1. Condition A
In this reaction the following concentrations

were used: drug, 10m M l−1; and sodium nitrite,
40 mM l−1 at pH 1.2 and 3.5 in SGJ and in
distilled water.

2.5.2. Condition B
The following concentrations were used: drug, 2

m M l−1; and sodium nitrite, 2.9 mM l−1 at pH
1.2 and 3.5 in SGJ and in distilled water.

2.5.3. Condition C
The following concentrations were used: drug, 2

mM l−1; and sodium nitrite, 0.2 mM l−1 at pH of
1.2 and 3.5 in SGJ and in distilled water.

3. Results and discussion

3.1. Method de�elopment

A simple and reliable HPLC method was devel-
oped for the determination of DNPZ in simulated
gastric juice. To validate and optimize the
method, different mobile phases were used in
order to achieve the best separation and resolu-
tion of the eluted peaks in SGJ. The effect of
organic modifier was studied using acetonitrile or
methanol with different concentrations of sodium
dihydrogen phosphate. The separation and resolu-
tion of the peaks (Rs=3.24) could be achieved
upon using mixture of sodium dihydrogen phos-
phate (0.02 M) and methanol in the ratio 40:60
v/v. Both methanol and acetonitrile were equally
useful as an organic modifier. The pH of sodium
dihydrogen phosphate solution was also studied
by changing the pH over the range 3.0–7.0, the
optimum separation was accomplished upon us-
ing solution of pH 3.0�0.2. Solutions of lower
pH values were not attempted to guard against
the deterioration of the stationary phase. Differ-
ent ionic strengths of sodium dihydrogen phos-
phate (0.0075–0.06 M) were studied, the optimum
resolution was obtained upon using 0.02 M solu-
tion of sodium dihydrogen phosphate.

3.2. Characteristics of the chromatographic peaks

According to the conditions described, the re-
tention times were about 1.6, 2.40 and 4.60 min
for SGJ alone, DNPZ and I.S. respectively. Typi-
cal chromatogram of DNPZ after reaction be-
tween piperazine and sodium nitrite in SGJ is
shown in Fig. 1. The retention time was suitable
enough to allow determination of DNPZ without
interference from the SGJ.

3.3. Validation

3.3.1. Linearity
The linearity for DNPZ was assessed over the

range 0.072–2.88 �g ml−1. Varying volumes of
standard solution were transferred into a 10 ml
volumetric flasks to give concentrations cited in
Table 1 then 0.5 ml of I.S. solution was added to

Table 1
Analysis of standard N,N-dintrosopiperazine by the proposed
HPLC method in simulated gastric juice

Taken �g RecoveryFound �g

0.0725 100.690.072
0.1447 100.480.144

99.580.28680.288
0.72020.720 100.02
1.44291.440 100.20
2.88232.880 100.08

100.17�0.38X�S.D.
0.37R.S.D.%

Er% 0.15
Sa 9.04×10−4

Sb 2.62×10−4
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Fig. 1. Typical chromatograms of (I) drug-free SGJ and (II)
SGJ with dinitrosopiperazine (0.8 �g ml−1, 2.38 min) and
internal standard isosorbide dinitrate (50 �g ml−1, 4.56 min).

mined by establishing the lowest concentration
that can be measured with acceptable accuracy
and precision; in this case DNPZ can be
quantified under these conditions at concentration
of 0.072 �g ml−1. The limit of detection (LOD)
was determined by establishing the minimum level
at which the analyte can be reliably detected and
it was found to be 0.01 �g ml−1 based on a
signal-to-noise ratio of 2.

3.3.3. Accuracy and precision
The intra-day and inter-day precision and accu-

racy data are summarized in Table 2. The re-
peatability of the assay was found to be within
0.19–0.24% (n=5) at 0.8 and 1.6 �g ml−1. The
reproducibility of the assay at the same concentra-
tion levels was found to be within 0.32–0.37%.
The intra-day and inter-day accuracy calculated
as Er% was within 0.08–0.11 and 0.18–0.21%
(n=3), respectively.

3.3.4. Robustness
The robustness of an analytical procedure is a

measure of its capacity to remain unaffected by
small but deliberate variation in method parame-
ters. To optimize the assay parameters, the effect
of pH, organic modifier and ionic strength on the
capacity factor (K) values were studied. Although
this capacity factor was maintained 0.62–0.66 at
pH range 3–5, a pH of 3�0.2 was selected as it
has the highest number of theoretical plates (N).

each flask. Complete to the mark with the mobile
phase. Triplicate injections were made at each
concentration. The linearity of the standard curve
was confirmed by plotting the ratio of the DNPZ
to I.S. peak areas versus the concentration of
DNPZ. A straight line obtained in the range of
0.072–2.88 �g ml−1. Alternatively, the following
regression equation was described Y=0.0366+
0.335 C, r=0.9999, where Y=peak area ratio of
DNPZ to I.S. and C=concentration of DNPZ in
�g ml−1.

3.3.2. Limits of quantitation (LOQ) and limit of
detection (LOD)

The limit of quantitation (LOQ) was deter-

Table 2
Accuracy and precision data for N,N-dinitrosopiperazine in simulated gastric juice

Conc. found (�g ml−1)Conc. added (�g ml−1)

R.S.D.%b% RecoveryMean�S.D.a Er%c

101.92�0.25 0.240.8 0.110.815�0.002Intra-day
0.081.6 0.081.595�0.003 99.71�0.19

0.814�0.003 101.83�0.38 0.37 0.21Inter-day 0.8
1.594�0.005 99.64�0.32 0.32 0.181.6

a Mean and S.D. (n=5 for intra-day, n=3 for inter-day).
b Relative S.D.
c Percentage relative error.
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Fig. 2. Formation of DNPZ (under condition A).

Fig. 3. Formation of DNPZ (under condition B).

4. Conclusion

The described HPLC method is simply, repro-
ducible, rapid and has adequate sensitivity to
measure dinitrosopiperazine in gastric juice. The
method can measure concentration down to
0.072 �g ml−1. The detection limit of 0.011 �g
ml−1 is comparable to those of the other re-
ported methods. The method was developed as a
promising substitute to the reported GC meth-
ods. However, the suggested method has some
distinct advantages regarding simplicity and re-
producibility.

3.4. Application

Establishing the conditions of the proposed
method, it was applied to follow-up the nitrosa-
tion reaction of piperazine in SGJ at pH values
of 1.2 and 3.5 under the conditions recom-
mended by WHO, in physiological like condi-
tions containing a therapeutic dose of the drug
and within the limit of quantitation of the
method. The yields of DNPZ were determined
after 5, 10, 15 and up to 180 min, so that the
time course of the nitrosation reaction was ex-
amined at an interval which is longer than the
normal emptying times of the stomach, taking
into account some pharmacological and patho-
logical conditions which may delay actual stom-
ach emptying. The formation of DNPZ was
found to be immediately after the addition of
sodium nitrite to the drug in SGJ and the
amount of DNPZ increased quickly during the
first 20 min at pH 1.2 then became constant up
to the third hour. While at pH 3.5 its formation
continues up to 2 h then became constant as
shown in Figs. 2–4. The DNPZ yield was higher
at pH 1.2 than at pH 3.5 and higher in SGJ
than in distilled water in all conditions. The
component responsible for this enhancement was
pepsin [23]. Fig. 4. Formation of DNPZ (under condition C).
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