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Keywords: ABSTRACT: The objective of the present work was to set up micro-
coulometric technique in the laboratory and estimate microgram level
quantity of nitrofurantoin in the pharmaceutical tablets. A simple,

sensitive, and reproducible manually operated microcoulometric
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technique has been successfully used for the estimation of nitrofurantoin
in pharmaceutical tablets. A potentostat and coulometric cell was used in
the technique. A coulometric cell was consist of mercury pool electrode,
spiral silver electrode, and saturated calomel electrode. The accuracy of
the current was 1A and applied potential was 0.001 volt against SCE.
Further, the prepared tablet solution of nitrofurantoinin ammonia buffer
of pH 9.0 was estimated and statistical analysis of the data were carried
out. Polarogram of the nitrofurantoin in ammonia buffer of pH 9.0, shows
that six electrons are involved in the reduction of nitrofurantoin. The
lowest limit of estimation of nitrofurantoin was 15ug. The reprodusability
of estimation i.e. relative root mean square error(RMSE) was less than
21g. The recovery was 100 * 5%.
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INTRODUCTION: Nitrofurantoin [1-{(5-nitro-2-
furyl) methylideneamino} imidazolidine-2, 4-

Nitrofurantoin is commercially available in
different dosage forms and can be administered as

dione] is a nitro furan-derivative. It is used in
human * ? to treat Urinary tract infection and
effective against common urinary tract pathogens,
which includes E. coli, E. cocci, Klebsiella and E.
bactor. It is bacteriostatic at low concentrations and
bactericidal at higher concentrations * *. It acts by
absorbing through gastrointestinal tract in the
proximal small intestine >  Mostly the
bioavailability of this drug increases when taken
with food °.
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tablet. VVarious advanced methods are available for
its assay in dosage forms and in biological fluids "
% These includes stripping voltammetry "3, high
performance liquid chromatography ***’, LC-MS
1819 | jquid-Liquid extraction ™ ° and flow
injection analysis *°.

Although various advanced methods are available
for estimation of Nitrofurantoin, they are costly and
out of reach of small educational institutions. The
objective of the present work is to develop a
manually operated micro-coulometric method for
the routine estimation of Nitrofurantoin in
pharmaceutical tablets. Among all other methods,
micro-coulometry is the dominant one. This is
because it is independent of temperature and
depends only on the amount of species of interest.
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Nitrofurantoin is choosen because it is electro
reducible and hence amenable to micro-
coulometric determinations. This method is simple,
cheap, accurate, prone to less errors and
reproducible.

MATERIALS AND METHODS:

Materials: All the chemicals used for the
preparation of solutions and buffer were of
analytical grade. Mercury employed was purified
by reported method 2! and the silver spiral used was
electronalytically pure. Acetic acid was obtained
from May and Baker. Potassium chloride, sodium
acetate were from Sarabhai M chemicals, Baroda,
India. N, N-Dimethyl formamide of Excelar Grade
from Glindia Ltd, Mumbai, India. Nitrofurantoin
tablets were purchased from local pharmacies in
Nagpur city, India by APS Biotech Pvt. Ltd.
Utterakhand, India.

A 5.0x10° M Nitrofurantoin % solution was
prepared in  40%  N,N-dimethylformamide
containing ammonia buffer of pH 9.0. The content
of Dimethyl formamide was maintained at 1% by
volume in the reaction mixture.

pH measurement were carried out with digital pH
meter model L1-120 from Elico Pvt. Ltd,,
Hyderabad, India.

Equipment used in the present study was a
manually operated potentiostat built in the
laboratory with accuracy of current 1A and
applied potential 0.001 volt against saturated
calomel electrode (SCE).

A coulometric cell consist of large mercury pool
electrode as working electrode and bright spiral
silver in separate compartment as an auxiliary
electrode (Fig.1). The electrolyte above mercury
pool was kept vigoursly stirred. Provision was
made for SCE; nitrogen inlet and outlet. The
current was measured with microameter to an
accuracy of 1pA. From this quantity of electricity
in millicoulomb could be measured and therefore
microgram quantity of Nitrofurantoin could be
estimated.

A supporting electrolyte of 0.1M potassium
chloride solution was prepared in doubly distilled
water and its final concentration in the reaction
mixture was 0.01M.
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Removal of Oxygen: Nitrogen from commercial
cylinder was passed through two traps arranged in
series, one containing acid chromous chloride and
other containing pyrogallol in 30% potassium
hydroxide solution 2 ?*. Then it was bubbled
through doubly distilled water before passing
through the solution in the coulometric cell.

Method: Number of millicoulomb at constant
potential: A pre-electrolysis was carried out at a
potential which was 300 mv more negative than the
half-wave potential of the Nitrofurantoin in order to
remove electroactive impurities present in the
reaction medium. The electrolysis was continued
until only small constant background current only
few microampere remained. The Nitrofurantoin
was introduced into the cell and electrolyzed at a
potential 200 mV more negative than the half-wave
potential. The current was noted down at regular
interval of 10 seconds. The electrolysis was
continued until the current decreased to the same
value as the background current. The current versus
time curve was plotted and number of
millicoulomb passed was determined by evaluating
the area under the curve.

Recovery: The reliability of the Nitrofurantoin
estimation was established by carrying out recovery
experiments. For this purpose the above procedure
was repeated but with Nitrofurantoin added in
known amount. By knowing the number of
millicoulombs passed the amount recovered could
be calculated.

Error Analysis: The root mean square error
(RMSE) and relative root mean square error
(RRMSE) were calculated for reproducibility and
recovery experiments.

RMSE =,/ (Difference)?/(n — 1)
=/EDiZ/(n— 1)

Where, n= no. of trials carried out
Difference=Amount of Nitrofurantoin
Amount of Nitrofurontoin found
RRMSE=RMSE/x

X=Amount of Nitrofurontoin taken to estimate.

taken-

RESULTS AND DISCUSSION: A manually
operated  micro-coulometric  estimation  of
Nitrofurantoin was carried out to determine the
lowest possible amount that could be estimated
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with reasonable accuracy. The number of electrons
participating in reduction was also evaluated. It was
found that 6 electrons are participating in the
Nitrofurantoin reduction. It was observed that, the
lowest limit of estimation of this compound by
manually operated micro-coulometry was at least
ten fold lower than that of the D.C. Polarographic
lower limit of estimation.
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The lowest limit of Nitrofurantoin that could be
estimated was 15ug. The reproducibility was
checked by repeating the estimations four times. It
was found that it was reproducible with a RMSE
less than 2 pg (Table 1). Recovery experiments
were carried out by adding known amount
namelyl8ug, 58ug and 98ug of Nitrofurantoin
(Table 2). The results reveals that the recovery was
100+5%.

TABLE 1: ERROR ANALYSIS IN ESTIMATION OF NITROFURANTOIN

pH=9.0 Temp. =25.0°C
No. of Estimations Nitrofurantoin in No. of Amount of RMSE RRMSE
25.0 cm®/ug millicoulombs Nitrofurantoin
passed estimated/ ug
1 15 38.0 15.1 1.000 0.067
2 39.5 15.7
3 41.0 16.3
4 40.0 15.9
1 30 85.0 29.0 0.687 0.023
2 86.5 29.6
3 87.0 30.3
4 88.0 30.9
1 45 157.5 44.3 2.30 0.051
2 156.5 43.1
3 159.5 45.5
4 157.5 43.6
1 60 231.5 60.7 1.407 0.023
2 232.5 61.4
3 230.0 59.5
4 233.0 61.8

TABLE 2: ERROR ANALYSIS OF RECOVERY EXPERIMENTS FOR ESTIMATION OF NITROFURANTOIN IN 15 pg

ORIGINAL SOLUTION

pH=9.0 Temp.=25.0 °C
No. of Amount of
I.\IO' O.f Amount o a_dded millicoulombs  Nitrofurantoin HECELEL RMSE RRMSE
Estimations  Nitrofurantoin /ug Recovery %
passed Recovered/ ug
1 475 18.6 103
2 46.0 17.8 98.9
3 15 480 19.1 106 0.768 0.038
4 47.0 18.4 102
1 144.0 58.7 101
2 143.5 58.1 100
3 58 145.0 59.3 102 0.872 0.015
4 143.0 57.7 99.5
1 241.5 98.9 101
2 242.5 99.5 101
3 = 241.0 98.7 101 L0 OO0
4 240.0 97.7 100
The results of estimation of Nitrofurantoin shows estimate  microgram  level  quantities  of

that manually operated micro-coulometry is
relatively simple and yet reliable technique to

Nitrofurantoin. The apparatus is cheap and can be
easily setup in any educational institute.
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The lowest limit of estimation is of 15 pg to 30 ug
in 25.0 cm®. The technique is highly reproducible
and accurate. The average time required for
estimation in 25.0 cm® of sample is less than hour.
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FIG. 1: COULOMETRIC CELL

CONCLUSION: The micro-coulometric
technique, for estimation of microgram level
nitrofurantoin, in the pharmaceutical tablets can be
successfully set up in the laboratory. The technique
is simple, cheap, accurate and yet reliable. The pre-
estimation polarographic study showed that six
electrons were involved in reduction of
nitrofurantoin. The lowest limit of estimation of
nitrofurantoin was 15pg in 25 cm®. The technique
was highly reproducible with RMSE less than 2pg.
The time required for estimation was less than
hour. The recovery of the samples were100+5%.
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