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a b s t r a c t

A rapid selective and accurate quantitative 1H NMR method was developed for the simultaneous analysis
of obidoxime chloride and atropine sulfate, the active components in parenteral injection devices (PID)
used for the emergency treatment of poisoning by toxic organophosphates. The spectra were acquired in
90% H2O–10% D2O using sodium 3-(trimethylsilyl)-1-propane sulfonate hydrate as the internal standard.
Both synthetic mixtures and dosage forms were assayed. The results were compared with those obtained
from a reported HPLC method.
eywords:
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PLC
ethyl-4-hydroxy benzoate

. Introduction

The overt or covert use of anticholinesterase compounds viz.
erve agents, in the battlefield poses a constant threat during
artime or terrorist attacks [1–4]. Hence, for the emergency treat-
ent of poisoning by toxic organophosphates, auto injectors, which

ermit a rapid and convenient means for the intramuscular self-
dministration of atropine in combination with certain oximes viz.
bidoxime or pralidoxime, have been introduced [5–10]. Defence
esearch and Development Establishment (Gwalior, India) has
eveloped a reusable auto injector in which the cartridge can be
eplaced after the expiry of shelf life and the auto injector device
an be reused. Several methods have been reported in the litera-
ure for the assay of active pharmaceutical ingredients of the drug
artridges [11–15]. Despite the availability of many LC-UV meth-
ds for the analysis of atropine and pyridinium oximes, we found
hat only a few of them can be applied directly for the simultane-
us analysis of atropine and obidoxime chloride in drug cartridges

16–17]. Moreover, most of these methods rely on the development
f an assay based on the LC-UV separation of the constituents of
rug cartridges which require exotic and time consuming sam-
le preparation, prior separation of the components, equilibration
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of the analytical platform and it suffers from memory effects. No
pharmacopoeial method exists for the assay of obidoxime chlo-
ride and atropine sulfate in combination in drug cartridges. All of
these drawbacks necessitated the development of a method which
enables fast and simultaneous quantitative determination of active
ingredients in drug cartridges. We thought of exploiting the virtues
of quantitative NMR to overcome all the problems associated with
the presently published methods. Quantitative NMR spectroscopy
is a primary ratio method of measurement [18–19]. Several texts
on the broad range of applications in pharmaceutical analysis have
been published [20–22]. We, herein describe a method based on
quantitative 1H NMR that can be used for the simultaneous analy-
sis of atropine and obidoxime in the drug cartridges. Applicability of
the developed method was checked on drug cartridges (developed
in DRDE, Gwalior) and results were compared to those obtained
by the reported LC-UV method [17] validation parameters were
derived and the results were compared with that for the NMR
method.

2. Theory
The amount, WX, of obidoxime chloride and atropine sulfate (in
mg/ml) was calculated using the equation:

WX = 1.59
(

AX

ADSS

)(
NDSS

NX

)(
MX

MDSS

)
WDSS (1)
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WX is the weight of analyte (per ml of solution), WDSS is the
eight of DSS (per 700 �l solution), AX is the area of the integrals

or the analyte, ADSS is the area of the integrals for DSS, MX is the
olecular weights of the analyte and MDSS is the molecular weights

f DSS. The factor 1.59 is used for converting the units of WX (from
g of analyte per 630 �l to mg of analyte per 1 ml of PID solution).

. Experimental

.1. Materials

Atropine sulfate (>99% pure), deuterated water deuteration
egree min. 99.96% was purchased from Merck (Germany).
odium 3-(trimethylsilyl)-1-propane sulfonate hydrate (DSS)
>99%), methyl-4-hydroxy benzoate (99%), ortho-phosphoric acid
99.999%) sodium dihydrogen phosphate (99%) and 1-octane sul-
onic acid (∼98%) were obtained from Aldrich (USA). Obidoxime
hloride was synthesised in-house and its purity (>99%) checked by
C-UV and spectroscopic techniques. Tetramethyl ammonium chlo-
ide (≥99%) was obtained from Fluka (Germany). Acetonitrile from
.T. Baker (Mexico) and distilled water, deionized by Milli-Q water
urification system (Millipore, USA) were used for LC-UV mobile
hase.

.2. Instrumentation

NMR; Bruker av II operating at a frequency 400.13 MHz for pro-
ons, equipped with a 5 mm multinuclear inverse probehead and
mm multinuclear observe probehead.

LC-UV; Agilent 1100 liquid chromatograph equipped with: 7725
heodyne injector with 20 �l loop, Hystar 3.1 software for data
cquisition and processing, variable wavelength detector and a Zor-
ax Eclipse XDB-C18, 125 mm X 4 mm with an average particle
iameter of 5 �m was used.

.3. Preparation of standard stock, test solutions for NMR and

C-UV analysis

A 300 mM solution of DSS was prepared immediately before
se in 10 ml of D2O. Stock solutions (5 ml) of obidoxime chlo-
ide (220 mg/ml) and atropine sulfate (30 mg/ml) were prepared

able 1
ssignments of 1H NMR resonances of obidoxime chloride, atropine sulfate and DSS used

omponent Structure and peaks integrated for analysis

bidoxime chloride

tropine sulfate

SS
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in water. The solutions were diluted with water to obtain six dif-
ferent concentrations of the working solutions each for obidoxime
(220.00, 110.00, 55.00, 27.50, 13.75, 6.87 mg/ml) and atropine sul-
fate (3.00, 1.50, 0.75, 0.37, 0.18, 0.09, 0.05 mg/ml). The NMR sample
was prepared by taking 630 �l of the analyte solution 70 �l of the
DSS solution in a NMR tube. For LC-UV analysis, stock solutions
and their appropriate dilutions were prepared in mobile phase. All
solutions were prepared immediately before analysis. The solutions
were agitated on a vortex shaker before analysis.

3.4. LC-UV analysis

LC-UV analyses of the analytes were carried out in accordance
to the method reported earlier [17].

3.5. NMR analysis

All the samples were locked and shimmed individually on 90%
H2O + 10% D2O at a calibrated probe temperature of 20 ◦C so that the
DSS signal achieved a linewidth no larger than 1.0–1.2 Hz. The relax-
ation time T1 was determined for the protons of interest (Table 1,
Fig. 1).

The Ernst angle ˛e, for the pulse repetition time tr (of 8 s) was
optimized to for the T1 of the longest relaxing DSS nuclei, to ensure
maximum recovery of the transverse magnetization (Eq. (2)):

cos˛e = e−tr/T1 (2)

The spectra were acquired in non-spinning mode, by zg0pr pulse
program wherein suppression of the water signal was achieved.
The carrier frequency was set on HOD and 4 dummy scans. 128
transients were recorded with 32k data points for each free induc-
tion decay (FID) and zerofilled to 64k data points. The FIDs were
apodized with 0.2 Hz exponential line broadening function before
fourier transformation. Manual two parameter phase correction
baseline correction.
The active components were analyzed individually by 1H NMR

first to identify the peaks to be used for quantification (Table 1).
These peaks of interest were integrated with respect to the internal
standard for which an arbitrary constant value was attributed.

for quantification.

Number of protons
involved in integration

Chemical
shifts

Multiplicity T1

a = 4 6.37 Singlet 128.7 ms

b = 3 2.75 Singlet 112.2 ms

c = 9 0.00 Singlet 2.6 s



1094 R. Sharma et al. / Journal of Pharmaceutical and

F
c

4

L
t
t
c

4

t
s
(
o
b

tifying one active component and then analyzing samples where
ig. 1. 1H NMR spectra of (A) obidoxime chloride (B) atropine sulfate and (C) drug
artridge formulation.

. Results and discussion

The solutions were analyzed by the 1H NMR and the reported
C-UV method. Then mixtures were prepared from the stock solu-
ions and quantity of the analytes were measured (using Eq. (1))
aking different amounts of the internal standards. The results were
ompared with those obtained from the LC-UV method.

.1. Linearity of calibration curves

Linearity of the 1H NMR method was assayed by plotting fif-
een calibration curves on fifteen different days analyzing seven

tandard solutions in the concentration range of 0.094–3 mg/ml
r2 ≥ 0.99) for atropine sulfate and 3.44–110 mg/ml (r2 ≥ 0.99) for
bidoxime chloride. The reproducibility of the results was found to
e excellent (results not shown). The same was done for the LC-UV
Biomedical Analysis 49 (2009) 1092–1096

method within the effective concentration range of 0.40–20 �g/ml
and 0.022–3.3 �g/ml for atropine sulfate (r2 ≥ 0.99) and obidoxime
chloride (r2 ≥ 0.99) respectively. As quantitative NMR is a primary
ratio method, linearity is of little significance for assessing the
specific detector response factor for different analytes. These exper-
iments were mainly aimed at checking the system stability for the
quantitative analysis on a large throughput basis during quality
control procedures. Whereas, the calibration curves for LC-UV were
used for quantification of the analytes.

4.2. Lower limit of quantification

Due to sufficiently high concentration in the drug cartridges, the
limit of detection and quantification by 1H NMR is not applicable in
the strict sense, for the quality control purposes. The concentration
of atropine sulfate (1 mg/ml) is much lower that that for obidoxime
(110 mg/ml) in the drug cartridges. Hence, for optimization of quan-
titative 1H NMR method for the simultaneous determination of the
two analytes, lower limit of quantification (LLOQ) was estimated
for atropine sulfate (21 �g/ml) at a signal to noise ratio of 10:1. The
LLOQ of atropine sulfate was used as the threshold of dilution for
the drug cartridges solution for further analysis. It is worth men-
tioning here that the signal line width and height of the signal are
highly dependent on the spin–spin relaxation time, sample tem-
perature and the magnetic field homogenity played a major role in
determining the lower limits of quantitation of the analytes. These
factors were effectively overcome by selecting a high flow rate of
535 l/min of the heating air and shimming the magnet so that the
DSS signal achieved a linewidth <1.0 Hz. As for the LC-UV method,
the upper and the lower limits of quantification for atropine sulfate
were found to be 20.0 and 0.40 �g/ml whereas that for obidoxime
chloride were found to be 3.3 and 0.022 �g/ml respectively.

4.3. Ruggedness

As reported elsewhere [23] there was no significant analyst
influence on quantitative measurements. No quantitative differ-
ences were observed by positioning of the NMR tube in the turbine
4 mm above or 5 mm below the position recommended by the
spectrometer manufacturer and incomplete and over filling of the
sample tube by ±100 �l (making appropriate corrections for the
volume change) were studied. Manual phase correction was per-
formed carefully as it was found to have a major influence on the
accuracy of the integrals. The analysis was also carried out on mult-
inuclear broad band observe probehead to ascertain its effect. The
only influence observed was that the LLOQ was marginally poor in
this case.

4.4. Accuracy and precision

Accuracy was assessed by determining the different concentra-
tions of the samples of atropine sulfate and obidoxime chloride
relative to the known concentration of internal standard. Precision
of the method were determined by measuring intraday and interday
variations. The RSD values were found to be below 4% for atropine
and 1% for obidoxime indicating good repeatability of the 1H NMR
(Table 2). Systematic errors were not observed.

4.5. Specificity and selectivity

Specificity of the 1H NMR method was established first by quan-
the other components (including the excipients) were added one
after the other, along with the previous ones, until finally the sample
attained the desired composition of drug cartridges. For ascertain-
ing specificity of the method, 2D NMR (HMBC and TOCSY) and
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Table 2
Precision, accuracya and recovery of atropine sulfate and obidoxime by NMR spectroscopy and HPLC from synthetic mixtures.

Sample
number

DSSb

(mg/ml)
Atropine
sulfate (mg/ml)

Recovery (RSD %) Obidoxime
chloride (mg/ml)

Recovery (RSD %)

NMR HPLC NMR HPLC

Taken Interday
(n = 3)

Intraday
(n = 3)

Interday
(n = 3)

Intraday
(n = 3)

Taken Interday
(n = 3)

Intraday
(n = 3)

Interday
(n = 3)

Intraday
(n = 3)

1 70.95 3.00 99.4 (2.0) 97 (2.1)
99.8 (1.1) 99.5 (0.9)

220 100.5 (0.5) 99.9 (0.4)
99.5 (0.3) 99.3 (0.2)2 35.47 3.00 101.2 (3.0) 98.6 (2.0) 220 98.9 (0.6) 99 (0.6)

3 17.74 3.00 102 (2.4) 100.2 (1.6) 220 99.1 (0.9) 99 (1.0)
4 70.95 1.00 97.4 (2.2) 99 (1.9)

99.9 (0.9) 99.6 (1.0)
110 99.2 (0.8) 100 (0.3)

99.6 (0.7) 99.8 (0.3)5 35.47 1.00 98.9 (3.2) 99.4 (2.2) 110 101.4 (0.3) 102 (0.8)
6 17.74 1.00 99.0 (1.8) 101 (3.3) 110 100.0 (0.3) 99 (0.2)
7 70.95 0.25 96.8 (3.2) 99 (3.4)

99.6 (1.8) 99.7 (2.0)
55 100.4 (1.0) 99 (0.9)

99.4 (1.1) 99.6 (0.5)8 35.47 0.25 101.1 (3.9) 99.0 (3.5) 55 102.0 (0.5) 99 (0.6)
9 17.74 0.25 99 (3.4) 101.8 (4.0) 55 101.5 (0.8) 102 (1.0)

a Accuracy expressed as RSD %.
b Taken only for 1H NMR analysis.

Table 3
Comparison of statistical results of the developed 1H NMR method with HPLC method for drug cartridges.

Vial number Atropine labeled
strength (mg/ml)

NMR method HPLC method Obidoxime chloride
labeled strength (mg/ml)

NMR method HPLC method

Mean (RSD%) (n = 5) Mean (RSD%) (n = 5) Mean (RSD%) (n = 5) Mean (RSD%) (n = 5)

1. 1.00 1.01 (1.92) 1.02 (1.52) 110.00 110.20 (0.96) 110.24 (0.90)
2. 1.00 0.98 (1.75) 0.98 (1.31) 110.00 109.50 (1.01) 109.85 (0.89)
3. 1.00 0.99 (1.89) 1.00 (1.35) 110.00 109.92 (1.14) 110.01 (0.96)
4. 1.00 1.01 (1.86) 0.99 (1.01) 110.00 108.95 (1.10) 109.10 (0.87)
5. 1.00 0.94 (1.84) 0.97 (1.40) 110.00 110.02 (1.05) 110.29 (0.79)
6. 1.00 0.99 (1.96) 0.99 (1.32) 110.00 110.68 (1.19) 110.86 (1.01)
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7. 1.00 1.03 (1.73) 1.02 (1.42)
8. 1.00 1.00 (1.94) 1.02 (1.51)
9. 1.00 0.99 (1.79) 1.00 (1.33)

10. 1.00 0.97 (1.40) 0.98 (1.00)

H NMR experiments consequent to spiking of the standard com-
ounds in the drug formulation, supported the assignment of peaks
sed for quantification of the mixture. Representative 1H NMR spec-
ra clearly demonstrate the specificity and selectivity of the method
Fig. 1). The method was found to be selective as spectral overlap
f the analytes of interest was neither found with themselves nor
ith the excipient. These tests were carried out for all the samples

hat are depicted in Table 2. LC-UV method [17] as well produced
ell resolved peaks for all the analytes.

.6. Recovery

Recovery experiments were conducted within the quantification
imit of the analytes to determine the accuracy of the method for
uantification of obidoxime and atropine (Table 2). The quantity
f the internal standard and the analytes were varied and inter-
ay, intraday recoveries were calculated to observe the influence
f the quantity of the internal standard on the results. The relative
roportions of the internal standard and the analyte did not have
ny effect on accuracy of the method. The results indicate that the
verage intraday and interday recoveries were found to be 99.5 and
9.3 for atropine sulfate and 100.3 and 99.9 for obodoxime chlo-
ide for the 1H NMR analysis, whereas, the recoveries for the LC-UV
ethod, average intraday and interday recoveries of atropine sul-

ate and obodoxime chloride were found to be 99.8, 99.6% and 99.5,
9.6% respectively.

. Application of the method
One dose (2.1 ml) of drug cartridge, developed in our labora-
ory, had the following composition: 1 mg/ml atropine sulfate and
10 mg/ml of obidoxime chloride as active ingredients along with
.1% (w/v) of methyl-4-hydroxy benzoate in pyrogen free water. [
110.00 109.83 (1.29) 110.01 (0.97)
110.00 109.88 (0.96) 109.99 (0.82)
110.00 109.75 (1.05) 109.89 (0.89)
110.00 110.10 (1.03) 109.98 (0.92)

Finally, efficacy of the quantitative 1H NMR method was compared
with that obtained from the reported LC-UV method [17]. Ten drug
cartridges (developed by DRDE) were randomly selected from dif-
ferent batches. The results were found to compare well (Table 3).
The representative 1H NMR spectra of the drug cartridges solution
is shown in Fig. 1(C).

6. Conclusion

Atropine sulfate and obidoxime chloride in drug cartridges can
be determined by 1H NMR with the use of DSS as internal standard.
The method is simple, selective, rapid and gives a clear picture about
all the components present in the formulation in a single experi-
ment as compared to the reported LC-UV and LC-UV-GLC methods
of analysis.
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