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Abstract

A rapid, specific, precise and accurate reversed-phase high-performance liquid chromatography

method has been developed and validated for the determination of benzoic acid, metronidazole

andmiconazole nitrate in vaginal formulations of cream and tablet (excluding benzoic acid). The val-

idation was carried out with reference to ICH guidelines. The chromatography was carried out on a

Zorbax SB-CN column (250 × 4.6 mm, 5 µm) linear gradient elution with mixture of solvent A (phos-

phate buffer) and solvent B (acetonitrile) as a mobile phase at the flow rate of 1.0 mL/min and dual

mode of detection that is 233 nm for benzoic acid and miconazole nitrate and 319 nm for metronida-

zole. The limit of detection and limit of quantification are 1.07, 0.79 and 0.62 μg/mL and 3.23, 2.40 and

1.88 μg/mL for benzoic acid, metronidazole andmiconazole nitrate, respectively. The linearity of ben-

zoic acid, metronidazole and miconazole nitrate showed a correlation coefficient of 0.9997, 0.9995

and 0.9993, respectively. The good results were achievedwith respect to repeatability of relative stan-

dard deviation ≤2% and recovery within 98.0–102.0%. The selected column in this study performed

well. The method is simple, accurate and precise, andmay be recommended for routine quality con-

trol test for any dosage forms containing benzoic acid, metronidazole and miconazole nitrate.

Introduction

Imidazole derivatives show the most potent activity against anaerobic
protozoal parasites and anaerobic bacteria. Metronidazole (MZ)
(Figure 1), chemically known as 1-(β-hydroxyethyl)-2-methyl-5-
nitroimidazole, is a nitroimidazole derivative and a potent antibiotic
used commonly as an antibacterial, antiprotozoal and an amoebicide
medication (1). MZ is partially reduced in anaerobic cells and inhibits
nucleic acid synthesis by disrupting the DNA of microbial cells (2).

Miconazole nitrate (MN) (Figure 1), chemically known as 1-[2,4-
dichloro-β-(2,4-dichlorobenzyloxy)phenethyl] imidazole, is a potent
antibiotic used against fungal infections. Along with antifungal activ-
ity, it also shows some antibacterial activity (3). MN inhibits the syn-
thesis of ergosterol, which is the main component of fungal cell
membranes.

Benzoic acid (BA) (Figure 1) or benzene carboxylic acid is com-
monly used as a preservative in chemical and pharmaceutical indus-
tries. It inhibits certain enzymes and transport in various cells (4). It
increases glycolytic metabolism that inhibits cell growth (5, 6). It caus-
es inhibition of certain bacteria and yeasts proliferation and amplifies
the action of the other drugs in the formulation. As BA is a weak acid,
it reduces cytoplasmic pH under acidic conditions. Also, it is reported
that BA inhibits growth of Saccharomyces cerevisiae by lowering intra-
cellular pH that resulted in phosphofructokinase enzyme inhibition
that hinders glycolytic pathway (7).

A few methods have been reported for the simultaneous determi-
nation of MZ and MN individually or in combined dosage forms
with other drugs. The different quantification methods reported
are based on gas chromatography (8, 9), voltammetry (10),
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spectrophotometry (11–20), supercritical fluid chromatography (21,
22) and HPLC (23–26). But with best of our knowledge, no method
is available for the determination of MZ, MN and BA in a combined
dosage forms. A lot of trials were carried out in different columns
and under different chromatographic conditions. Better results
were obtained with cyano column SB-CN (250 × 4.6 mm) with a par-
ticle size of 5 µm.

Hence, the aim of present study was to develop specific, accurate
and precise HPLC method using reversed-phase cyano column for
the simultaneous quantification of BA, MZ and MN in vaginal
cream and MZ and MN in vaginal tablet.

Experimental

Instrumentation

The chromatograph consisted of a ShimadzuHPLC system, 2010 CHT

model equipped with an autosampler and UV detector. The analysis,
collection of data and integration of data were performed using LC
solution software.

Reagents

MZ was purchased from Aarti Drugs Ltd (Mumbai, India), MN was
purchased from Zeon Pharma (Navi Mumbai, India) and BA was
purchased from Sigma Aldrich. Methanol, acetonitrile and ortho-
phosphoric acid of HPLC grade were purchased from Rankem.
Sodium dihydrogen phosphate dihydrate of chromatographic grade
was purchased from Merck. The vaginal cream containing BA, MZ
and MN and the vaginal tablet containing MZ and MN were formu-
lated in formulation research and development department, Kusum
Healthcare Pvt. Ltd (Rajasthan, India).

Chromatographic conditions

The chromatographic separation was performed on a Zorbax
SB-CN column (250 mm × 4.6 mm, 5 μm) purchased from Agilent
Technologies. The separation was achieved with an isocratic
solvent system. The mobile phase being buffer : acetonitrile (65 :
35), with a flow rate of 1.0 mL/min, injection volume of 10 µL,

column oven temperature maintained at 40°C and a dual detection
mode with wavelength at 319 nm for MZ and 233 nm for BA
and MN.

Methods

Preparation of mobile phase and diluent
A buffer solution containing 7.80 g of sodium dihydrogen phosphate
dihydrate in 980 mL water and 20 mL of triethylamine was prepared.
The pH was adjusted to 3.5 with ortho-phosphoric acid and it was fil-
tered through 0.45 µm nylon membrane filter paper. A mixture of
buffer solution and acetonitrile in the ratio of 65 : 35 was prepared
for mobile phase. A mixture of acetonitrile and methanol in the
ratio of 80 : 20 was used as diluent.

Preparation of system suitability solution, standard solution
and sample solution for vaginal cream
A system suitability solution was prepared for BA, MZ and MN at a
concentration of 50, 200 and 500 µg/mL, respectively, in diluent. A
standard solution of BA, MZ and MN at a concentration of 50,
187.5 and 500 µg/mL, respectively, was prepared in diluent. Sample
preparation was done by accurately weighing and transferring 5.0 g
of the cream into a 100-mL volumetric flask. Diluent (30–40 mL)
was added to it and was shaken for 2–3 min. It was sonicated for
40 min with heating up to 40–45°C. Further it was heated in a
water bath at 50°C for 10–15 min. It was allowed to stand and cool
in an ice bath for 10–15 min. It was brought back to room temperature
and diluted to volume with diluent. It was mixed properly and filtered
through 0.45 µm nylon filter. Furthermore, 10 mL of the filtrate was
diluted to 20 mL with diluent.

Preparation of standard solution and sample solution
for vaginal tablet
A standard solution of MZ andMN at the concentration of 50 µg/mL
was prepared in diluent. Sample preparation was done by weighing 10
tablets and determining their averageweight. The tablets were crushed
to obtain fine powder. Tablet powder equivalent to 100 mg MZ and
MNwas transferred to a 100-mL volumetric flask. Thirty milliliters of
diluent were added and the mixture was sonicated for 20 min. It was
left to cool and diluted to volume with diluent. It was mixed properly
and filtered through 0.45 µm nylon filter. Furthermore, 5 mL of the
filtrate was diluted to 100 mL with diluent to prepare a concentration
of 50 µg/mL of sample solution.

Results

Optimization of chromatographic conditions

For the effective separation of the drugs BA, MZ and MN, different
sample preparation procedures and methods were carried out varying
different columns (C18 of Inertsil and Waters, C8 of Waters symme-
try, phenyl of Agilent, pentafluorophenyl of Phenomenox, cyano of
Agilent), different mobile phases, different buffers, different wave-
lengths and different pH of buffer. But, best results were obtained
with Zorbax SB-CN (250 × 4.6 mm, 5 µm) column of Agilent Technol-
ogies, using an isocratic mode of separation with mixture of buffer :
acetonitrile (65 : 35) as the mobile phase at a flow rate of 1.0 mL/min
and dual detection mode with 233 nm for MN and BA and 319 nm
for MZ.

Figure 1. Chemical structures of MZ, BA and MN.
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Method validation

Method validation was carried out on different parameters according
to ICH (2005) guidelines (27, 28). Specificity, precision, linearity, limit
of sensitivities, accuracy and robustness parameters were carried out
(29). All the data were evaluated using standard statistical packages
for Windows and LC solution software.

System suitability test or resolution test
System suitability solution was prepared as per the preparation
method described under “Preparation of system suitability solution,
standard solution and sample solution for vaginal cream”. The accep-
tance criteria with results are summarized in Table I. The system suit-
ability chromatogram is shown in Figure 2.

Specificity
Specificity was conducted for the interference of diluent and placebo
with the principal peaks of BA,MZ andMN. Placebo samples of both
cream and tablet formulations were prepared as per the preparation

method discussed previously. The three drugs were spiked in placebo
and injected into the HPLC system. No peaks are eluted at the reten-
tion time of BA, MZ and MN.

Linearity
The calibration curve was plotted with different concentrations
from 3.5 to 60 µg/mL for BA (Supplementary data, Figure S1),
2.5 to 60 µg/mL for MZ (Supplementary data, Figure S2) and 2.0
to 60 µg/mL for MN (Supplementary data, Figure S3). The detector
response was found to be linear. The linearity was assessed by calculat-
ing the slope, y-intercepts and coefficient of determination (r2) using a
least squares regression equation. The detailed descriptions of regres-
sion curves are depicted in Table II, which shows good linearity (coef-
ficient of determination r2 = 0.999, 0.999, 0.999) for BA,MZandMN,
respectively, in the examined concentration range. The acceptance cri-
teria for the correlation coefficient (r) are not less than (NLT) 0.995 and
the regression coefficient (r2) is NLT 0.999. y-Intercept and slope of re-
gression line should be reported. %y-Intercept at 100% target concen-
tration should be not more than ± 5.0%.

Limit of detection and limit of quantification
The limit of detection (LOD) and limit of quantification (LOQ) were
considered for the analytes with a signal-to-noise ratio of 3 and 10, re-
spectively. The LODs of BA,MZ andMNwere 1.07, 0.79 and 0.62 μg/
mL, respectively. The LOQs of BA, MZ and MN were 3.23, 2.40 and
1.88 μg/mL, respectively. The values are summarized in Table III.

Precision (repeatability and intermediate precision)
Precision of the developedmethod was tested by preparing sample sol-
ution of cream and tablet dosage form as per the test method described
under “Preparation of system suitability solution, standard solution
and sample solution for vaginal cream” and “Preparation of standard
solution and sample solution for vaginal tablet”, and injecting the
sample solution into the chromatographic system. The repeatability
assessed using a minimum of six determinations. The % assay and
% relative standard deviation (% RSD) of the assay were calculated.
The acceptance criteria for precision are % assay should be 98–102
and % RSD of assay for all the six replicate sample injections is ≤2.
The test result meets the acceptance criteria. The % RSD of all the
three peaks is shown in Tables IV and V.

Accuracy
The accuracy of the test method was determined by preparing tripli-
cate samples for each concentration and injecting the samples in trip-
licate. BA, MZ andMNwere spiked in placebo of cream andMZ and
MN were spiked in placebo of tablets in a concentration range of
LOQ, 50, 100 and 150% of the target concentration 50 µg/mL for
BA, MZ and MN. The % recovery was calculated. The acceptance
criteria are the individual and mean recovery at each level should be
between 98.0 and 102.0% and % RSD of the mean recovery should
be ≤2. The test result meets the acceptance criteria. The details of the
% recovery results for all the compounds in both cream and tablet
formulation are shown in Tables VI and VII.

Robustness
When the chromatographic conditions were deliberately varied (temper-
ature, flow), to check the system suitability of the method, the observa-
tion states that the system suitability parameter meets the acceptance
criteria and the % RSD for the % assay and the % assay of the three
drugs were ≤2 and 98–102, respectively. The results are shown in
Table VIII.

Table I. System Suitability Solution (n = 6)

Parameters BA MZ MN

% RSD of peak area 0.35 0.93 0.23
Retention time 4.74 3.50 18.23
Mean theoretical plates 6,555 5,436 10,424
Mean tailing factor 1.20 1.19 1.36

Figure 2. Chromatogram of system suitability solution.
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Solution stability
The solution stability was checked for 12 and 24 h in both bench top
and freeze conditions. The % deviation of the peak area was calculat-
ed. The % deviation should be ≤2. The results are shown in Table IX.

Discussion

The developed method showed good resolution, and the tailing factor
of the peaks was in a range of 1.19–1.36 for the three peaks. The

Table II. Linearity results

Concentration of BA (µg/mL) Peak area of BA
(average)

Concentration of MZ
(µg/mL)

Peak area of MZ
(average)

Concentration of MN
(µg/mL)

Peak area of MN
(average)

3.5 181,773 2.5 80,163 2.0 30,265
40 2,113,965 40 1,352,393 40 647,703
45 2,381,090 45 1,518,142 45 725,923
50 2,654,569 50 1,681,533 50 800,004
55 2,969,474 55 1,834,702 55 872,159
60 3,210,657 60 1,981,360 60 942,520
Correlation coefficient (r) 0.999 0.999 0.999
Regression coefficient (r2) 0.999 0.999 0.999
Slope 5.37 × 104 3.33 × 104 1.58 × 104

y-Intercept −16,596 6454.4 4435.5
(y-intercept/area at 100%
concentration) × 100

−0.63 0.38 0.55

Table III. LOD and LOQ Results

BA MZ MN

LOD 1.07 0.79 0.62
LOQ 3.23 2.40 1.88

Table IV. Precision Results (Repeatability)

Samples Vaginal tablet (mean % assay) Samples Vaginal cream
(mean % assay)

BA MZ MN MZ MN

1 99.88 101.76 99.66 1 101.19 99.56
2 100.32 100.98 100.38 2 100.85 99.34
3 99.63 100.24 100.18 3 98.32 99.40
4 101.2 99.89 101.26 4 99.56 100.23
5 98.98 99.66 99.85 5 99.47 99.49
6 100.74 101.82 99.91 6 100.84 100.24
Mean 100.13 100.73 100.21 Mean 100.04 99.71
SD 0.798 0.938 0.575 SD 1.107 0.414
% RSD 0.80 0.93 0.57 % RSD 1.11 0.41

Table V. Precision Results (Intermediate Precision)

Samples Vaginal tablet (mean % assay) Samples Vaginal cream
(mean % assay)

BA MZ MN MZ MN

1 100.23 99.20 99.34 1 100.05 99.86
2 100.68 99.19 100.21 2 100.23 99.67
3 99.21 100.36 100.86 3 99.72 99.83
4 99.30 101.08 100.21 4 101.34 99.71
5 100.29 100.12 99.73 5 101.21 100.27
6 100.52 99.98 99.82 6 100.65 99.81
Mean 100.04 99.99 100.03 Mean 100.53 99.86
SD 0.629 0.722 0.522 SD 0.650 0.215
% RSD 0.63 0.72 0.52 % RSD 0.65 0.21

Table VI. Accuracy Results for Vaginal Cream

Samples (% level) % Recovery

BA MZ MN

LOQ—1 98.80 100.05 101.26
LOQ—2 98.06 100.26 100.34
LOQ—3 98.68 100.03 99.04
50%—1 100.23 100.95 100.97
50%—2 100.27 100.89 100.51
50%—3 100.03 101.29 100.64
100%—1 99.32 101.26 99.36
100%—2 99.05 100.98 99.43
100%—3 98.54 101.18 99.07
150%—1 99.25 101.49 98.05
150%—2 99.29 101.14 98.04
150%—3 99.34 101.47 98.03
Mean 99.38 101.18 99.43
SD 0.63 0.22 1.13
% RSD 0.63 0.21 1.14

Table VII. Accuracy Results for Vaginal tablet

Samples (% level) % Recovery

MZ MN

LOQ—1 100.91 98.94
LOQ—2 101.37 99.11
LOQ—3 100.81 99.72
50%—1 100.59 99.32
50%—2 100.80 99.35
50%—3 101.20 99.24
100%—1 100.95 99.30
100%—2 100.86 99.00
100%—3 100.89 99.11
150%—1 101.00 99.18
150%—2 101.28 99.25
150%—3 101.43 99.61
Mean 101.00 99.26
SD 0.25 0.16
% RSD 0.24 0.16
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theoretical plate count was above 2,500 for all the peaks, which indi-
cate good column efficiency, and the selected column fits well to the
developed method. Also, no interference of blank and placebo sample
was observed with the principal peak, which states that the developed
method is specific. The calibration curve showed a good correlation at
different concentration for the three peaks. The RSDs of the repeat-
ability samples were well within the specified limit from which it can
be inferred that the developedmethod is precise. Also, the intermediate
precision was carried out by a different analyst and the results were
well in correlation with the repeatability samples. The method was
tested at three different concentrations and the recoveries of the
drugs were found to be in the desired limit and there was not much
deviation between the samples. This implies that the method is accu-
rate. Slight deviations were made in the parameters to check the ro-
bustness of the method. The flow rate and the column oven
temperature were varied. The retention time shifted in both the
cases, but the resolution between the peaks was ≥2. The peaks
were reproducible, and the % assay and the % RSD were within
the limits. Also, the test solution for vaginal cream formulation
was stable up to 12 h on bench top condition and for 24 h in freeze
conditions, whereas test solution for tablet sample was stable at both
the conditions for 24 h. Therefore, from the observation of the vali-
dation data, it can be inferred that the developed method is specific,
selective, precise, accurate and robust, and it can be efficiently imple-
mented for the routine analysis of the quality control samples in sin-
gle and combined dosage forms.

Conclusion

A rapid and accurate isocratic methodwith a stable-bonded cyano col-
umn was developed for the routine analysis of BA, MZ and MN in
cream and tablet dosage forms. Themethodwas designed by repeating
number of trials varying different chromatographic conditions. The
proposed HPLC method for the quantification of BA, MZ and MN
was analyzed in cream and tablet formulation as per ICH guidelines.
The HPLC studies showed that the method is suitable for the assay of
BA, MZ and MN and can be used for routine analysis for any dosage
forms containing these drugs.

Supplementary Material

Supplementary materials are available at Journal of Chromatographic
Science (http://chromsci.oxfordjournals.org).

Acknowledgments

The author is highly grateful to Kusum Healthcare Pvt. Ltd, Bhiwadi, Rajas-
than, India, for providing all the necessary facilities, chemicals and samples dur-
ing the course of investigation. All the work was carried out at Kusum
Healthcare Pvt. Ltd, Bhiwadi, Rajasthan, India.

References

1. Metronidazole Monograph, Hospira Healthcare Corporation, Saint-
Laurent, QC, H4M 2X6, (2014).

2. Schaechter, M., Engleberg, N.C., DiRita, V.J.; Schaechter’s mechanisms of
microbial disease. Lippincott Williams & Wilkins, Hagerstown, MD,
(2007), p. 28.

3. Sweetman, S.C.; Martindale–the complete drug reference, Vol. 1. Pharma-
ceutical Press, London, (2009), pp. 541–542, 1852, 1862–1866.

4. Freese, E., Levin, C.; Action mechanisms of preservatives and antiseptics;
Developments in Industrial Microbiology, (1978); 19: 207–227.

5. Bosund, I; The action of benzoic and salicylic acids on the metabolism of
microorganisms; Advances in Food Research, (1962); 11: 331–353.

6. Warth, A.D.; Mechanism of resistance of Saccharomyces bailii to benzoic,
sorbic and other weak acids used as food preservatives; Journal of Applied
Bacteriology, (1977); 43: 215–230.

7. Krebs, H.A., Wiggins, D., Stubbs, M., Sols, A., Bedoya, F.; Studies on the
antifungal action of benzoate; Biochemistry, (1983); J.214: 657–663.

8. Ashour, S., Kattan, N.; Simultaneous determination of miconazole nitrate
and metronidazole in different pharmaceutical dosage forms by gas chro-
matography and flame ionization detector (GC-FID); International
Journal of Biomedical Science, (2010); 6: 13–18.

9. Kublin, E., Kaniewska, T.; Determination of antimycotic substances, deriv-
atives of imidazole, by gas-chromatographic method; Chemia Analityczna,
(1996); 41: 19–25.

10. Yao, Z., Hu, J., Wu, Z., Li, Q.; Study on the voltammetric behavior of met-
ronidazole and its determination at a Co/GC modified electrode; Analytical
Letters, (1998); 31: 429–437.

11. Parimoo, P., Prasad, C.V.N., Vineeth, R.; Simultaneous quantitative deter-
mination of metronidazole and nalidixic acid in tablets by difference spec-
troscopy; Journal of Pharmaceutical and Biomedical Analysis, (1996); 14:
389–393.

12. Amin, A.S.; Quantitative determination of some pharmaceutical veterinary
formulations using bromocresol purple and bromocresol green; Analytical
Letters, (1997); 30: 2503–2513.

13. Mohamed, M.Y., El-Gendy, A.E., El-Bardicy, M., Tawakkol, M.S.,
Ahmad, A.K.S.; Flow injection analysis of pharmaceutical compounds:
VII. Determination of some anthelmintic and antiprotozoal compounds;
Spectroscopy Letters, (1996); 29: 299–319.

Table VIII. Robustness

Conditions Vaginal cream Vaginal tablet

Samples %
Assay

%
RSD

%
Assay

%
RSD

Column oven temperature
(42°C)

BA 100.44 1.11 – –
MZ 100.67 0.86 100.18 1.08
MN 100.03 0.71 99.69 0.38

Column oven temperature
(38°C)

BA 100.47 1.15 – –
MZ 100.67 0.86 100.31 99.88
MN 100.07 0.64 1.24 0.59

Flow (1.1 mL/min) BA 100.35 0.94 – –
MZ 100.73 0.85 100.22 99.70
MN 100.11 0.59 1.12 0.38

Flow (0.9 mL/min) BA 100.34 0.92 – –
MZ 100.73 0.85 100.18 1.07
MN 100.06 0.66 99.71 0.38

Table IX. Solution Stability

Samples Vaginal cream Vaginal tablet

%
Deviation,
BA

%
Deviation,
MZ

%
Deviation,
MN

%
Deviation,
MZ

%
Deviation,
MN

12 h BT 1.75 1.88 1.47 0.10 0.28
24 h BT 2.20 2.41 2.52 0.21 0.32
12 h
freeze

0.92 0.90 1.21 0.04 0.03

24 h
freeze

1.34 1.70 1.62 0.05 0.05

Simultaneous Quantification of Benzoic Acid, Metronidazole and Miconazole Nitrate 5

http://chromsci.oxfordjournals.org/lookup/suppl/doi:10.1093/chromsci/bmw113/-/DC1
http://chromsci.oxfordjournals.org/lookup/suppl/doi:10.1093/chromsci/bmw113/-/DC1
http://chromsci.oxfordjournals.org/lookup/suppl/doi:10.1093/chromsci/bmw113/-/DC1


14. Paliwal, R., Jain, D.K., Trivedi, P.; Simultaneous spectrophotometric esti-
mation of metronidazole and nalidixic acid in combined pharmaceutical
dosage forms; Indian Drugs, (1998); 35: 165–167.

15. Paliwal, R., Jain, D.K., Gaud, R.S., Trivedi, P.; Simultaneous estimation of
metronidazole and nalidixic acid in two component pharmaceutical dosage
forms by ultraviolet spectrophotometry; Indian Journal of Pharmaceutical
Sciences, (1998); 60: 140–143.

16. Wrobel, K.,Wrobel, K., De LaGarza Rodriguez, I.M., Lopez-De-Alba, P.L.,
Lopez-Martinez, L.; Determination of miconazole in pharmaceutical
creams using internal standard and second derivative spectrophotometry;
Journal of Pharmaceutical and Biomedical Analysis, (1999); 20: 99–105.

17. Wang, H.X., Ng, T.B., Ooi, V.E.C.; A ribonuclease from sclerotia of the ed-
ible mushroom Pleurotus tuber-regium; Biochemical and Biophysical
Research Communications, (1998); 18: 544–546.

18. Zhang, S., Li, H., Zhang, D., Zhou, Q.; Simultaneous determination of met-
ronidazolum and vitamin B6 by the derivative spectrophotometry; Guang
pu xue yu guang pu fen xi=Guang pu, (1998); 18: 488–491.

19. Basu, D., Mahalanabis, K.K., Roy, B.; Simultaneous spectrophotometric
determination of metronidazole and furazolidone with multistandard addi-
tion and a least-squares method; Analytica Chimica Acta, (1991); 249:
349–352.

20. Das, T., Das, C., Ray, S.; Simultaneous spectrophotometric determination
of metronidazole and furazolidone in combined pharmaceutical dosage
forms; Indian Journal of Pharmaceutical Sciences, (1992); 54: 111–113.

21. Bhoir, I.C., Raman, B., Sundaresan, M., Bhagwat, A.M.; Separation and es-
timation of diloxanide furoate and metronidazole in solid dosage form

using packed column supercritical fluid chromatography; Analytica
Chimica Acta, (1997); 354: 123–128.

22. Bari, V.R., Dhorda, U.J., Sundaresan, M.; Simultaneous estimation of nali-
dixic acid andmetronidazole in dosage forms using packed column supercrit-
ical fluid chromatography; Analytica Chimica Acta, (1998); 376: 221–225.

23. Raj, S.V., Kapadia, S.U., Argekar, A.P.; Simultaneous determination of met-
ronidazole and norfloxacin from pharmaceutical preparations by
RP-HPLC; Indian Drugs, (1997); 34: 585–589.

24. Argekar, A.P., Shah, S.J.; Stability indicating HPLC method for the simul-
taneous estimation of nalidixic acid and metronidazole/metronidazole ben-
zoate in their formulations; Indian Drugs, (1997); 30: 520–526.

25. Argekar, A.P., Shah, S.J.; A fast and accurate HPLC method for the simul-
taneous determination of metronidazole (MET) and furazolidone (FURA)
in tablets; Indian Drugs, (1998); 35: 71–74.

26. Nadkarni, D.R., Merchant, R.N., Sundaresan, M., Bhagwat, A.M.; Iso-
cratic, simultaneous separation and estimation of three members of the ni-
troimidazole family by reverse phase chromatography; Indian Drugs,
(1997); 34: 393–395.

27. ICH guideline Q2B. Validation of analytical procedures: methodology,
(2005).

28. The United States Pharmacopoeia 34-NF 29, Chapter <621>—chromatog-
raphy, United States Pharmacopeial Convention, Rockville, (2011).

29. Verma, S., Verma, R.K., Sahoo, D., Srivastava, S.K.; Reverse-phase HPLC
method for the quantification of two antihyperglycemic glycolipids in
Oplismenus burmannii; Biomedical Chromatography, (2015); doi:
10.1002/bmc.3478.

6 Sahoo and Jain



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


