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ABSTRACT

A validated simple and sensitive headspace gas chromatographic (HSGC) method was developed for simultaneous
determination of methanol, ethyl acetate and toluene in oxacillin sodium. The separation was achieved using a 30
m long Elite - 5 fused silica capillary column with 0.32 mm internal diameter. The developed gas chromatographic
method offers a symmetric peak shape, good resolution and reasonable retention time for all the solvents. Beer’s
law was obeyed in the concentration ranges of 100 — 1500, 100 — 800 and 100 — 500 ppm for methanol, ethyl
acetate, and toluene, respectively for oxacillin sodium. The method was validated according to the international
conference on harmonization (ICH) guidelines. The degrees of linearity of the calibration curves, the percent
recoveries, relative standard deviation for the method were also determined. The correlation coefficient for
methanol, ethyl acetate and toluene were found to be 0.9997, 0.9998 and 0.9996, respectively for oxacillin sodium.
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1. INTRODUCTION

In human medicine and animal husbandry, penicillin is
widely used for the treatment of bacterial infections.
Oxacillin sodium is a penicilliinase- resistant B- lactam
and is  chemically  known as  4-Thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid, 3,3-
dimethyl-6-[[(5-methyl-3-phenyl-4-isoxazolyl)carbonyl]-
amino]-7-oxo-, monosodium salt, monohydrate, [2S-
(2a,50,68)]. Its molecular formula and molecular weights
are C;9H1gN3NaOsS.H,O and 441.44 g/mol, respectively.
Since it is resistant to the penicillinase enzyme, it is
widely used clinically in the treatment of penicillin-
resistant Staphylococcus aureus. It eliminates bacteria
that cause infections including pneumonia, meningitis,
urinary tract, skin, bone, joint, blood and heart valve
infections. The use of the oxacillin would lead to drug
residues in different matrix. It has low toxicity and may
be administered orally as additives or directly by
injection.

There are some solvents which are routinely applied
during synthesis of drug substances, excipients, or during
drug product formulations but they are not desirable in
the final product, mainly because of their toxicity,
influence on the quality of crystals of the drug substance,
and their odor or taste, which can be unpleasant for

patients. These solvents still remain in small quantities
even after various manufacturing process are used to
eliminate them. These small quantities of the solvents
are commonly known as residual solvents. Analysis of
residual solvents in drug formulations is an important
issue because of the potential risk to human health due to
the toxicity of such solvents. Thus, analysis of residual
solvents is regarded as one of the most difficult and
demanding analytical tasks in the pharmaceutical
industry. The manufacturing of active pharmaceutical
ingredients (API) under good manufacturing practice
(GMP) conditions requires adequate control of the
quality of the different ingredients involved in the
synthesis. These residual solvents must therefore be
controlled, and their purity determined, before any
synthesis.

Headspace gas chromatography (HSGC) is a technique
where the liquid or solid sample is set in a closed vessel
until the volatile components reach equilibrium between
the sample and the gas volume above, i.e., the so called
“headspace”. The advantage of the headspace sampling
is that direct liquid or solid probing is avoided and
complex sample matrix in a liquid or solid sample can be
simplified or even eliminated in its vapor phase™. The
basic principle of headspace gas chromatography can be
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found in textbooks? and review articles® ~*!. The key in
HSGC is the sampling and transfer of the samples in
headspace to GC. Several techniques have been
developed and some are commercialized, such as "purge
and trap", vial pressurization for static headspace sample
transfer and multiple headspace extraction (MHE) in
static headspace. Solid phase micro extraction (SPME)
attracted great attention for its capability in analyzing at
the part per billion (ppb) levels®®. With the advances in
gas chromatographic technology, the application of
HSGC has been broadened significantly. Recent trends
in HSGC application have shifted to agricultural and
food sciencel”! pharmaceutical and medical analysis'®,
and environmental analysis!). Review of different
sample transfer methods and their applications can be
found in the article by Snow and Slack™!,

Regulatory agencies and pharmacopoeias suggest
headspace gas chromatography as the most suitable and
applicable technique for residual solvent testing for
active substances, pharmaceutical quality control and
formulations soluble in water. Residual solvent
specification limits, set in accordance with the toxicity of
solvents, vary from a few ppm to thousands of ppm. The
amount of such solvents is therefore limited by
international conference on harmonization (ICH)
guidelines™. The ICH recommends and limits the
amount of residual solvents considered safe in
pharmaceutically finished goods and for human use. The
ICH has published guidelines and daily exposure limit of
many solvents. Since Class | solvents are highly
carcinogenic or toxic, they are generally avoided in
pharmaceutical manufacturing. Only ICH Class Il and
Class 11l solvents were evaluated during this method
development. Few analytical methods have been reported
in the scientific literature for the determination of
oxacillin  sodium in pure and pharmaceutical
formulations. These methods are based on
spectrophotometry!? ~ ! jon exchange™, photometric
extraction™®, potentiometric™ and high performance
liquid chromatography (HPLC)!8 221

The objective of this study was to develop and validate a
new HSGC method with a shorter sample equilibrium
time by assessing a number of HSGC parameters for the
simultaneous determination of methanol, ethyl acetate
and toluene in oxacillin sodium. The method validation
was performed to demonstrate the method specificity,
accuracy, precision, linearity and sensitivity. There are a
number of calibration methods for the determination of
residual solvents in drug substances by HSGC including
those using external standard, internal standard and
standard addition, but there are no significant differences
among these approaches with respect to accuracy and
precision. Therefore, in our method we used an external
standard approach and evaluated the drug substance
matrix impacts on residual solvents recoveries using four
synthetic small molecule drug substances during method
validation. These solvents should be estimated and

checked so that they may not exceed the amount
specified by the ICH guidelines.

2. EXPERIMENTAL

2.1. Reagents and Chemicals

e Pharmaceutical grade Oxacillin Sodium was
purchased from Sigma Aldrich, Germany, and was
used as a working standard.

e The drug formulation Bactocill (250mg, Baxter
Healthcare), Biocilina® (250mg, Biogalenic),
Bristopen®(250mg, Bristol-Myers Squibb), Dicloxal
Ox® (250mg, Magma) and Ocillina® (250mg,
CCPC) were purchased from a local pharmacy shop.
Methanol, ethyl acetate, toluene, and dimethyl
sulphoxide (DMSO) were of >99% purity and were
purchased from Ranbaxy Fine Chemicals Ltd, India.

2.2.  Instrumentation and Conditions

A Perkin Elmer (Model Clarus 400, Shelton, USA, Serial
No: 646N8111901) HSGC equipped with flame
ionization detector was used. The Clarus 400 GC model
carries a microprocessor controlled gas chromatograph
with an optional built-in auto sampling system. The GC
system is supported with the additional equipment Turbo
Matrix 40 Sampler. All gas conduits that deliver carrier
gas or any detector gas to the Clarus 400 GC must be
formed from copper or stainless steel tubing that is free
of grease, oil, or other organic materials. The data
processing system was run with the Total Chrome
Navigator software connected with a PC.

The GC column was elite-5 fused silica capillary
column, 30 m long and 0.32 mm in internal diameter.
The column temperature was maintained at 50°C for 2
min, then raised at a rate of 20°C per min to 220°C and
maintained at 220°C for 2 min. The injection port and
detector temperature was maintained at 250°C. The
carrier nitrogen gas passed with a velocity of 37.3 cm per
second at 10 Kpa pressure and a split ratio of 1: 1. The
injections, pressurized, withdraw and thermostat times
were 0.1, 2, 0.2 and 10 min., respectively. The gas
chromatography cycle time was only 35 min.

2.3. Standard solutions and Sample Preparation
Standard Solution A: Accurately weighed 1000 mg of
ethyl acetate were added into a 100 ml volumetric flask
containing about 40 ml of dimethyl sulfoxide, the
solution was made up to volume with dimethyl sulfoxide
and mixed thoroughly.

Standard Solution B: This solution contained 1000 mg of
methanol and was prepared as in solution A above.
Standard Solution C: This solution contained 890 mg of
toluene and was prepared as in solution A above.
Reference solution A: Pipette 2 ml of standard solution
A, 2ml of solution B and 2 ml of solution C into a
200 ml volumetric flask containing approximately 50 ml
of dimethyl sulfoxide. Make up to the required volume
with dimethyl sulfoxide and mix thoroughly.
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Reference solution B: Pipette 5 ml of standard solution
A, 3ml of solution B and 1 ml of solution C into a
100 ml volumetric flask containing approximately 40 ml
of dimethyl sulfoxide. Make up to the required volume
with dimethyl sulfoxide and mix thoroughly.

Sample preparation

To determine the content of residual solvents in
commercial dosage forms, the contents of 500 mg tablets
were weighed and finely powdered. A portion of the
powder equivalent to 200 mg of active ingredient was
weighed accurately, stirred well with 20 ml DMSO and
let stand for 10 min. The residue was filtered on
Whatmann No. 42 filter paper (Whatman International
Limited, Kent, UK) and washed with DMSO. The
residue was washed well with DMSO for complete
recovery of product and was further diluted to give a
final concentration of 2 mg/ml. An aliquot of the diluted
solution was analyzed for residual solvent content
following the recommended procedure.

3. RESULTS AND DISCUSSION

3.1. Method development and validation

3.1.1. System suitability

The performance of the system was evaluated by
injecting the reference solution A, each and every day
before starting the analysis. The number of theoretical
plates and resolution between each peak was determined.
The relative standard deviation of six replicate injections
of reference solution A was calculated to study the
system repeatability. The % RSD of methanol, ethyl
acetate and toluene were found to be 1.96, 2.59, and
5.13, respectively (The ICH limit is 10%).

3.1.2. Linearity and linear range

To investigate the linearity of the proposed method for
residual solvent, a range of concentrations (100-1500
ppm) were prepared and injected. The linear equation of
each solvent was determined by linear regression. The
results are reported in Table 1. The correlation
coefficient was in the range of 0.9996 to 0.9998. The
linearity range of methanol, ethyl acetate and toluene
were 100-1500, 100-800 and 100-500 ppm, respectively.

3.1.3. Instrument precision

Instrument precision was determined by six replicate
injections of the reference solution B, and the relative
standard deviations (RSD) of peak area of the solvents
were calculated to evaluate the repeatability. The % RSD
of methanol, ethyl acetate and toluene were found to be
0.263, 0.368 and 0.189, respectively (Table 2).

3.1.4. Method precision

Method precision was determined by three replicate
injections of the sample solution, and the relative
standard deviations (RSD) of peak area of the solvents
were calculated to evaluate the method repeatability. The
average of three replicate injections of the sample
solution showed % RSD for methanol and ethyl acetate

to be 1.93, 0.596%, respectively. The toluene was not
detected. The results for method precision are found to
be under acceptable limit for each residual solvent (Table
3).

3.1.5. Accuracy

Accuracy was determined by using the proposed method
in which known amount of each solvent corresponding to
50%, 100% and 150% was spiked with reference
solution A. The accuracy was then calculated as a
percentage of analyte. From the result, it is evident that
the recovery of each solvent ranged from 97.92% to
101.59% (Table 4).

3.1.6.Limit of Detection (LOD) and
quantitation (LOQ)

The analyte of a sample at limit of quantitation can be
quantified with acceptable precision and accuracy. Limit
of detection is the lowest amount of analyte in a sample,
which can be detected but not necessarily quantitated as
an exact amount. LOD and LOQ were calculated using
the signal to noise ratio (S/N) method. Three replicate
solutions were injected and the % RSD was calculated.
The results are shown in Table 5.

limit of

3.1.7. Robustness and ruggedness

To study the robustness of the validated method of
reference solution A, some variations from the normal
conditions were assessed including a change in column
flow, increase or decrease in vial equilibrium time,
column temperature and injector temperature. The results
(not shown) indicate that the flow rate increases from
1.43 % to 5.13 % and decreases from 2.84 % to 7.04 %,
increase in vial temperature from 0.23% to 2.92%,
increase in vial temperature from 1.23% to 2.49%. The
%RSD of the analyses ranged from 2.13% to 5.03%. The
ruggedness tests were performed by using different
columns and the analyst. The % RSD was in the range of
2.02% to 6.95%, 3.03% to 6.93% and 3.24% to 6.74%,
respectively.

3.1.8. Solution Stability

The reference solution A was prepared and injected after
24 hours. The relative standard deviation of methanol,
ethyl acetate and toluene were found to be 1.10, 0.42 and
1.07, respectively (Table 6). The %RSD values are
acceptable within a limit of 15 %.

Commercial formulation products

Various pharmaceutical formulations were used
including Bactocill (250 mg, Baxter Healthcare),
Biocilina (250 mg, Biogalenic), Bristopen (250 mg,
Bristol-Myers Squibb), Dicloxal Ox (250 mg, Magma)
and Ocillina (250 mg, CCPC). The concentration of
solvents present in the selected pharmaceutical producst
was determined by using the calibration graph. The
concentration of ethyl acetate in each sample was
determined (Table 7) whereas methanol and toluene were
not present in the formulation products.
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Table 1. Analytical characteristics of the proposed method

Solvent Lme?;gym)r ange Slope Intercept CC::%rerf?iI?itelz? Regression equation
Methanol 100- 1500 1197.5 8251.2 0.9997 Y =1197.5 X + 8251.2
Ethyl acetate 100- 800 250.89 1115.9 0.9998 Y =250.89 X + 1115.9
Toluene 100- 500 161.54 891.2 0.9996 Y =161.54 X + 891.2
Table 2. Instrument precision of the proposed method

Injection Peak area of methanol Peak area of ethyl acetate | Peak area of toluene

Standard - 1 301245 485236 252124

Standard - 2 302587 486124 252125

Standard - 3 302897 485225 251358

Standard - 4 302578 483325 252257

Standard - 5 302956 481589 252785

Standard - 6 301245 482570 252458

Mean 302251 484012 252185

% RSD* 0.263 0.368 0.189

®Relative Standard Deviation

Table 3. Method precision of the proposed method.

Sample injection Peak area of methanol Peak area of ethyl acetate Peak area of toluene
Sample injection - 1 11458 1231258 Not Detected
Sample injection - 2 11587 1245896 Not Detected
Sample injection - 3 11895 1236987 Not Detected
Mean 11646 1238047
% RSD 0.596
Table 4. Accuracy and Recovery.
Concentration 200 ppm
Solvent Peak area Concentration by graph % Recovery
Methanol 251240 202.91 101.46
Ethyl Acetate 511047 199.02 99.51
Toluene 33521 201.99 101.00
Concentration 300 ppm
Solvent Peak area Concentration by graph % Recovery
Methanol 360014 293.75 97.92
Ethyl Acetate 77525 304.55 101.52
Toluene 50124 304.77 101.59
Concentration 500 ppm
Solvent Peak area Concentration by graph % Recovery
Methanol 601425 495.34 99.069
Ethyl Acetate 125012 493.83 98.76
Toluene 82138 502.95 100.59

Table 5. LOD and LOQ of

the proposed method.

Injection of lowest Peak area Peak area of Peak area of
detection (30 ppm) of methanol ethyl acetate toluene
Injection -1 521254 11254 501247
Injection- 2 520257 11325 512589
Injection - 3 521541 11458 503254
Mean 521017.33 11345.67 505696.66
% RSD 0.13 0.91 1.20
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Table 6. Solution stability of the proposed method.

Standard Peak area for methanol Peak area for ethyl acetate | Peak area for toluene
Injection -1 272580 485214 265478
Injection -2 271251 487512 261874
Injection-3 276985 423478 259933

Mean 273605 485401 262428

% RSD 1.10 0.42 1.07

Table 7. Application of proposed method on formulation products.

Bactocill (250mg, Baxter Healthcare)

Sample injection

Peak area of methanol

Peak area of ethyl acetate

Peak area of toluene

Sample injection — 1 Not Detected 1452 Not Detected
Sample injection — 2 Not Detected 1541 Not Detected
Sample injection — 3 Not Detected 1014 Not Detected
Mean 1335.7

Concentration (ppm) 0.88

Biocilina
(250mg, Biogalenic)

Sample injection

Peak area of methanol

Peak area of ethyl acetate

Peak area of toluene

Sample injection — 1 Not Detected 1245 Not Detected
Sample injection — 2 Not Detected 1301 Not Detected
Sample injection — 3 Not Detected 1189 Not Detected
Mean 1245
Concentration (ppm) 0.52

Bristopen
(250mg, BMS)

Sample injection

Peak area of methanol

Peak area of ethyl acetate

Peak area of toluene

Sample injection — 1 Not Detected 1620 Not Detected
Sample injection — 2 Not Detected 1452 Not Detected
Sample injection — 3 Not Detected 1354 Not Detected
Mean 1475.3

Concentration(ppm) 1.43

Dicloxal Ox
(250mg, Magma)

Sample injection

Peak area of methanol

Peak area of ethyl acetate

Peak area of toluene

Sample injection — 1 Not Detected 1387 Not Detected
Sample injection — 2 Not Detected 1440 Not Detected
Sample injection — 3 Not Detected 1521 Not Detected
Mean 1449.3

Concentration(ppm) 1.33

Ocillina
(250mg, CCPC)

Sample injection

Peak area of methanol

Peak area of ethyl acetate

Peak area of toluene

Sample injection — 1 Not Detected 1152 Not Detected
Sample injection — 2 Not Detected 1245 Not Detected
Sample injection — 3 Not Detected 1312 Not Detected
Mean 1236.3

Concentration(ppm) 0.48

CONCLUSION

The above results clearly show that the current
developed method is a good analytical technique for the
quantitative analysis of residual solvents in Oxacillin

sodium. This method is highly sensitive and accurate for
the determination of residual methanol, ethyl acetate and
toluene in Oxacillin. Till now there is no pharmacopoeias
method for the determination of residual solvent for
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oxacillin. The present method has a wider linear dynamic
range with good accuracy and precision. The relative
standard deviation values obtained are accurate and
within the limit. Thus, the present method is an attractive
method for the determination of residual solvents in

Oxacillin ~ Sodium in bulk and pharmaceutical
formulations.
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