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ABSTRACT
The use of liposomal formulations has rapidly gained popularity in pharmaceutical research and
development. Their preparation often involves the use of organic solvents such as methanol and
chloroform to dissolve lipophilic lipids. In the present study, gas chromatographic method for the
determination of methanol and chloroform residual levels in liposomes was developed using GC 17 A
Shimadzu with FID (a flame ionization detector) and the separation was carried out on BP 624 column
(4% cyanopropyl phenyl and 94% dimethyl silixone, 30 m X 0.53 mm i.d. X 0.25 µm coating thickness),
with nitrogen as a carrier gas in the split mode by direct injection method. The method was validated
according to ICH guidelines. The method described is simple, sensitive, rugged, reliable and
reproducible and requires less time than other reported methods for the quantitation of methanol and
chloroform levels from liposomal formulations of lamivudine and stavudine.
Key words: Lamivudine, Stavudine, Residual solvents, Gas chromatography, Methotrexate,
Ketorolactromethamine, Ketoprofen, Nanoparticles, Serapeptase.

INTRODUCTION
Liposomes1 are lipid vesicles used as drug carriers. The use of liposomal
formulations is rapidly gaining popularity in pharmaceutical research and development.
Their preparation often involves the use of organic solvents such as chloroform, methanol,
diethyl ether, tert.-butanol etc. to dissolve the phospholipids. But official analytical
monographs include a test for volatile impurities (residual solvents)2. Thus, determination
of residual solvents in the liposomal formulation is also an important evaluation, in order
to conclude whether the prepared formulation contains the harmful solvents within the ICH
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limits. The commonly used technique for such estimation is gas chromatograph3-6. The
method described is simple, sensitive, rugged, reliable and reproducible and requires less
time.
Globalization and manufacture of the formulation for global market has
necessitated conformance of such organic volatile impurities to limits prescribed by ICH
guidelines. For the said purpose, methods have to be developed and validated for their
detection and quantification. Although USP7 has prescribed certain methods for their
estimation, the emergence of a plethora of technological innovations has thrown challenges
to the analyst to learn and apply the instruments for productive emergence of data on the
presence of organic volatile impurity in marketed formulation. This project has been
selected keeping in view the importance of the residual solvent testing in drug formulations
especially for herbal origin.
Organic volatile impurities8-10 have to be tested to check whether they are with
in the specified ICH limits. Documentation of the data pertaining to the actual organic
solvent impurity levels is not a compulsion over a strip of formulation. It is the moral
responsibility of pharmaceutical manufacturers to control the organic volatile impurity
level in the formulation below the permissible limits as they posses a potential risk to
human health and also play a vital role in regulating the physicochemical properties of the
bulk drug substances.

EXPERIMENTAL
Gas chromatographic conditions
Objective
To develop a suitable method for the simultaneous estimation of methanol, and
chloroform and apply the same for their quantification in the liposomal formulation.

Equipment
A gas chromatograph GC-17A Version-3 equipped with flame ionization detector
(FID) was used.
In the proposed method, the following working instrumental variables were
enabled on the gas chromatograph. The column temperature was maintained at 2000C,
injection port temperature was 230°C and detector temperature was 250°C. The flow rate
of carrier gas was 2 mL/min with control mode of split of ratio 1 : 22. The column pressure
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was initially maintained at 19 kpa.

Chemicals required
Methanol, chloroform and dimethyl sulfoxide All the reagent were of analytical
grade.

Preparation of standard
Dimethyl sulphoxide (DMSO) was selected as the standard and sample diluent,
based on its ability to dissolve wide variety of substances. Also DMSO is a solvent with
high boiling point that does not interfere with more volatile solvents tested by GC for the
method involving analysis of high boiling point solvents. Standard stock of methanol and
isopropyl alcohol were prepared by diluting with DMSO in 10 mL volumetric flask to get
concentration of 1000µLmL-1. From these stocks 8 serial working standard solutions were
prepared to obtain concentrations ranging from 10-4000 ppmmL-1 and 1-240 µLmL-1 for
methanol and chloroform, respectively. The volume is made with DMSO. 1 µL of working
standards were injected into gas chromatograph and standard calibration curves were
obtained for methanol and isopropyl alcohol.

Preparation of sample
Accurately weighed 1 g sample dissolved and sonicated with DMSO, filtered
through Whatman filter paper No 1 and volume was made up to 10 mL with DMSO, in
separate 10mL volumetric flask. From these samples, 1 µL samples were injected and
concentrations of methanol and chlolroform in sample were calculated by interpolating
standard calibration curve.

Analytical method validation
Analytical method validation is the process of demonstrating that analytical
procedures are suitable for their intended use, more specifically. Analytical method
validation is a matter of establishing documented evidence that provides a high degree of
assurance that the specified method will consistently provide accurate test results that
evaluate a product against its defined specifications and quality attributes. Method
validation is also a holistic process that requires suitable instrumentation and competence
in laboratory techniques to ensure success.
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Fig. 1: Standard chromatogram for methanol and chloroform
Limit of detection
The detection limit of an individual analytical procedure is the lowest amount of
analyte in a sample, which can be detected but not necessarily quantitated as an exact
value.
Procedure: In a 10 mL volumetric flask 0.1 mL of methanol was taken and the
volume was made upto 10 mL with dimethyl sulphoxide.(first dilution 100 ppm/µL).
Further 0.1 mL was diluted to 10 with dimethyl sulphoxide (100ppb/ µL). Then volumes of
1, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2 and 0.1µL were injected into gas chromatograph. The
detection limit was determined by the injected amount that results in a peak with a height
at least twice or three times as high as the baseline noise level and the limit of detection
was found to be 100 ppb.

Linearity and range
The linearity of an analytical method is its ability to elicit test results that are
directly proportional to the concentration of analytes in samples within a given range.
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Procedure:
In a series of 8 volumetric flasks of 10 mL volume, 0.1, 0.2, 0.4, 0.8, 1, 1.6, 3.2
and 4 mL of methanol were taken and the volume made up to 10 mL with dimethyl
sulphoxide (100-4000 ppm/µL). Then volume of 1 µL was injected into gas
chromatograph. The linearity is determined by a series of 3 injections of standards.
Table 1. Linearity data of methanol
Conc.

Av. area

SD

RDS

100

94247

457.6726

0.485606

200

195361

505.0947

0.258544

400

499587

540.5503

0.101899

800

1569255

22984.02

1.464645

1600

3155004

7240.781

0.229502

3200

6364859

24687.19

1.276085
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7774941

44507.75

0.317522
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Fig. 2: Linearity of methanol
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Fig. 3: Chromatogram of blank Lamivudine

Fig. 4: Chromatogram of Lami formulation

Fig. 5: Chromatogram of Stavi formulation
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Fig. 6: Chromatogram of standard chloroform

Fig. 7: Chromatogram of sample 1 - blank

Fig. 8: Chromatogram of sample 2-liposome containing sodium cholate
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Fig. 9: Liposome containing sodium cholate

Fig. 10: Chromatogram of KTAL

Fig. 11: Chromatogram of sample 5 PCL methanol

Int. J. Chem. Sci.: 6(2), 2008

701

The response should be directly or by means of a well defined mathematical
calculation proportional to the concentration of the analytes. The evaluation is made by
visual inspection of a plot of signal height or peak area as a function of analyte
concentration. The data of peak areas as obtained from the chromatograms for methanol
(Fig. 1) are presented in table and the corresponding linearity curves are plotted as
presented in Fig. 2.

System suitability parameters
Linearity was found in the range of 100-4000 ppm. HETP is 6.366 and the number
of theoretical plates per meter is 4712.5 and the resolution was found to be 0.1333.

Formulation 1
Residual solvent analysis of liposomal formulation of lamivudine and stavudine
Trial 1: This was the analysis of blank formulation. 0.1 mL of the liposomal blank
formulation was mixed with DMSO and made up to 10 mL with DMSO to extract the
residual solvents. The solution was filtered through Whatman No. 1 filter paper. 0.1 mL of
the filtrate was made up to 10 mL with DMSO.1 µL of this was injected into the gas
chromatograph and the chromatogram was obtained.
Trial 2: The lamivudine liposomal formulation was analyzed. 0.1 mL of the
liposomal formulation was mixed with DMSO and made up to 10 mL with DMSO to
extract the residual solvents. The solution was filtered through What man No 1 filter paper.
0.1 ml of the filtrate was made up to 10 mL with DMSO. 1 µL of this was injected into the
gas chromatograph and the chromatogram was obtained.
Trial 3: The stavudine liposomal formulation was analyzed. 0.1 mL of the
liposomal formulation was mixed with DMSO and made up to 10ml with DMSO to extract
the residual solvents. The solution was filtered through Whatman No. 1 filter paper. 0.1
mL of the filtrate was made up to 10 mL with DMSO. 1 µL of this was injected into the
gas chromatograph and the chromatogram was obtained.

Formulation 2
Residual solvent Analysis of liposomes of methotrexate in the treatment of psoraisis
To detect the amount of residual solvent from linearity graphy by interation method
for the samples mentioned below.
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Sample 1 Blank
Sample 2 Liposome containing sodium cholate
Sample 3 Liposome containing sodium dodecyl sulphate
Sample 4 Liposome containing sodium deoxy cholate
Further the best liposmal formulation was incorporated onto a gel base for carrying
out pre-clinical studies.
Sample 5 Methosome gel drug methotrexate

Formulation 3
Residual solvent analysis in microspheres Ketorolactromethamine loaded
bovine serum albumin microspheres (KTAL), Ketoprofen loaded bovine serum albumin
microspheres (KPAL)
Sample : 1 KTAL
Sample : 2 KPAL

Formulation 4
Residual solvent analysis of liposomes and nanoparticles of serapeptase
i. Drug loaded liposome formulation (soy pc- drug liposome)
ii. DMPC- drug liposome
iii. DMPE - drug liposome
iv .Chitosan nanoparticles
v. PCL nanoparticles.
Table 2. Amount of methanol was determined by interpolation only in these
formulations
In house formulations

Solvent

Area

Concentration
(ppm)

703

Int. J. Chem. Sci.: 6(2), 2008

Blank Lamivudine

Methanol

2741

1.7

Liposome blank

Methanol

2663

1.5

Liposome containing
sodium cholate

Methanol

2442

1.38

KPAL

Methanol

9081

5.14

PCL

Methanol

1003

0.56

CONCLUSION
The amounts of residual solvent present in the in-house formulations are with in
the limits of the ICH guidelines, which in 3000 ppm for methanol.
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