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ABSTRACT

A capillary gas chromatographic method using flame ionization detection
was developed and validated for the trace analysis (ppm level) of mesityl
oxide and diacetone a cohol in pharmaceutical drug substance. The method
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utilizesamegabore capillary column with bonded and crosslinked polyeth-
ylene glycol stationary phase. A dissolve-and-injection approach was
adopted for sample introduction in a split mode (1:1). Water is used as
sample solvent. A limit of detection of about 1.5 and 2 ppm and limit of
quantitation of about 6 and 10 ppm were achieved for the Mesityl oxide and
Diacetone acohol in drug substance samples. The method optimization

and validation are also discussed in this paper.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Recently, the potential health hazards of trace
amountsof mesityl oxideand diacetonea cohol in phar-
maceuticals have attracted the attention of regul atory
authorities. Theseareknownto be potent carcinogenic
compounds®3. Their presencein the pharmaceutical
products may betheresult of leftover starting materi-
als, or formed as by-products between acid, base (of -
ten used as acounter ion) and ketone (often used as
solventsin manufacturing process). Although official
guidelines*® have not been established, the concen-
tration of these compounds are expected to be con-
trolled at alevel lessthan or equal to 10ppm . There-
fore, itisof great importanceto develop andytical meth-

odsthat are sensitive enough and meet all theregula
tory requirements.

The puremesityl oxide and diacetonealcohol are
liquids at ambient temperature with aboiling point
around 130 °C and 170°C respectively. Therefore, it
isfeasibleto separate and quantify these compounds
by gaschromatography. Theanaysisof themesityl ox-
ide and diacetone a cohol using HPL Cisnot straight-
forward because of the specific chemical and physical
properties of these compounds.

Thisshort communication describesasmpleand
sensitivemethod for the determination of mesityl oxide
and diacetone a cohol in pharmaceuti cal susing capil-
lary GC with flameionization detection (FID). Thelimit
of detection and limit of quantitation were determined
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to be about 2ppm and 10ppm per gram of AP, re-
spectively. The method utilizes adissolve-and-inject
approach for samplepreparation and introduction. The
sampleswereinjected inthe split modeand quantitation
wasachieved usngasinglepoint externd standard cdli-
bration.

EXPERIMENTAL

I nstrumentation

AnAgilent 6890 GC (Agilent, PAoAlto, CA,USA)
equi pped with an auto sampler was used in the experi-
ment. Dataacquisition and processing were conducted
using theWaters Empower software.

Chemicals

Mesityl oxide and Diacetone a cohol were pur-
chased fromAldrich Chemicd (Milwaukee, W1, USA).
HPLC grade equiva ent water was obtained from an
in-house Millipore Milli-Q-Gradient ultrapure water
system (Millipore, Billerica, MA, USA). Thisstudy dso
involves two proprietary Dr. Reddy’s Laboratories
Pharmaceutical Research & Devel opment compounds.

Prepar ation of Solutions

Thestock solutionsof mesityl oxideand diacetone
a cohol wereprepared by dissolving 5.8uL and 5.3uL
each of the compoundsin samplesolvent. Thediluted
stock solution (standard solution) was prepared by
pipetting 10uL each of the stock solutionsinto a10-
mL volumetricflask and dilutingto volumewith sample
solvent. The sampl e sol ution was prepared by accu-
rately weighing about 50 mg of the drug substance into
a2-mL GCvid and adding 1.0 mL of sample solvent.

Operating Conditions

The GC separation was conducted on anAlltech
AT-WAX columnwithadimensonof 30 m x 0.53 mm
andafilmthicknessof 1 ym. Helium was used ascar-
rier gasat aconstant flow of 2.6psi. The GC oventem-
peratureprogram utilized aninitid temperatureof 50 °C
and aninitia holding timeof 6 min, then increased at
8 °C/min to 115 °C with a hold time of 6 min, then
increased at 35°C/min to 220 °C. The final tempera-
turewasheld for 10 min.

A flameionization detection (FID) systemwas used.

—— Fyll Peper

TheHZ2, air, makeup flowswerekept at 30, 350 and
30 mL/min, respectively. The detector temperature was
set at 260 °C.

The sampleswereinjected with theAgilent 6890
seriesauto sampler. Theinlet temperature was kept at
110 °C. A straight glass injection liner with glass wool
was obtained from Restek, (Restek, Bellefont, PA,
USA). Thesampleswereinjectedinasplit mode(1:1)
with al1-pL injection volume unless otherwise speci-
fied.

RESULTSAND DISCUSSION

M ethod Development and Optimization

Themain challengewasto achievethedesired de-
tection and quantitation limit usng themaost commonly
avallableinstrument, i.e. agas chromatograph with a
FID system. To obtain the desired sensitivity, one ap-
proachistoincrease sampleamount injected into the
GC system. The adoption of amegabore capillary GC
column (0.53 mm 1.D.) with a high capacity bonded
stationary phase seemsto bethe obvious choice. Suit-
ableinitial columntemperaturein combinationwitha
moderateinlet temperature (120 °C) may allow a rela-
tively largeinjection volumewithout Sgnificant deterio-
rationincolumn efficiency.

Theeffect of injection volumeon the quantitation of
the mesityl oxide and diacetone a cohol wasinvesti-
gated by injecting between 0.5 uL and 3 pL of thestan-
dard solution containing 10ppm each of mesityl oxide
and diacetone alcohol. Theresults show that the peak
widthsof mesityl oxideand diacetonea cohol areinde-
pendent of injection volumewithin thetested range.
Further studieswere not doneto determine the maxi-
mum injection volumethat the chromatographic system
could handlebecauseinterfering pesksfromthesample
solvent started being detected when theinjection vol-
umewasgreater than 2 pL in our experiments.Anin-
jectionvolumeof 1 uL waschosenfor thismethod asit
will not over load the column.

The effect of inlet temperature on thedrift of the
basdlinewasinvestigated. Theinlet temperaturewas
varied from 100to 200 °C. An aliquot of 1 pL of the
samplewasinjectedin thesplit mode. Theresultsshow
that at aninlet temperature morethan 130°C there is a
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driftinthe basdinewhich will effect thequantification
of diacetonealcohol. Aninlet temperature of 110 °C
was chosen, which allowed smooth basdline.

Thismethod utilizesadissolve-and-inject goproach
for theanalyss. Severa factorswereconsideredin se-
lection of asamplesolvent, including thepurity, itsabil-
ity todissolvetheanalyte, anditschemicd compatibil-
ity with the compounds of interest. To detect themesi-
tyl oxide and diacetonea cohol at 2ppmlevel, the pu-
rity of samplesolventiscritical. It hasbeen observedin
our |aboratory that the HPL C grade solventsare gen-
erdly suitable. Thetested sample concentration of drug
substances wasin therange of 40-100 mg/mL. The
use of water was successfully used for one of thein-
house compoundsfor theresdueanadysis(Fig1). The
mesityl oxide and diacetone a cohol showed reason-
ablegahility intheagueous solution. Thisisimportant
because many pharmaceuticdsarein sdt forms, which
sometimes show limited solubility in pure organic sol-
vents.
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Method Validation

A Critical parametersof validation wasdonefor
the developed work. Thevalidated method parameters
includeestablishment of limit of detection, limit of quan-
tification, precessionat limit of quantification and accu-
racy at limit of quantificationwasdone.

Thedetectionlimit (LOD) of the method for the
mesityl oxideand diacetonea cohol wasestimated from
achromatogram of asolution contai ning about 1.5ppm
and 2.0ppm respectively. From the chromatogram, a
signal-to-noiseratio of 2.8 and 3.0, was obtained for
mesityl oxideand diacetonedcohol respectively. Inthe
pharmaceutical industry, thequantitation limit (LOQ)
wasdefined asthelowest amount of andyteinasample
that can be quantitatively determined with suitable pre-
cision and accuracy. The LOQ was determined to be

Hnalytical CHEMISTRY o

6ppm and 10ppm respectively for mesityl oxide and
diacetone a cohol (Fig 2) based onthe precision and
accuracy datadiscussed bel ow.
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Figure2: Chromatogram of astandard solution containing
6ppm and 10ppm of mesityl oxideand diacetonealcohol re-
spectively.

Theexperimentd resultsal so show that thismethod
has excdllent precision without using aninternal stan-
dard. Multipleinjectionswere madefor the standard
sol utions contai ning 6ppm and 10ppm respectively of
mesityl oxideand diacetonea cohol. For six injections
of thesolution, theR.S.D. of the peak areaof mesityl
oxidewas 7.8% and for diacetone alcohol was 8.2%

Accuracy of the method was determined by ana-
lyzing drug substance samplesspiked with limit of quan-
tification amount of themesityl oxideand diacetoneadl-
cohol. Therecovery was 122% for mesityl oxideand
91% for diacetone a cohol Because thismethod uses
the dissolve-and-inject approach, for every samplein-
jection, about 500 g of the drug substanceisintro-
duced intheinjection port. Theaccumulation of drug
substance may have negative effect on therecovery.
Thereforetheinjection liner should bereplaced after
every sequenceof 15-20 injections.

CONCLUSION

A smpleand sengitive GC method has been devel -
oped and validated for thetrace anaysisof mesityl ox-
ideand diacetonea cohol in pharmaceuticas. Themini
validation was performed. Compared with the previ-
oudy reported methodol ogies, thismethod utilizesaFID
detector, whichisreadily availablein most of thequal-
ity control testing laboratoriesin the pharmaceuticd in-
dustry andrelatively smpleto use. Thismethodissen-
Stiveenoughto detect 1.5ppm of mesityl oxide, 2.0ppm
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of diacetoneal cohol and quantify 6ppm of mesityl ox-
ide, 10ppm of diacetoned cohal in pharmaceutica prod-
ucts. [1]

[2]

(3]

[4]

[5]
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INTRODUCTION

Recently, the potential health hazards of trace
amountsof mesityl oxideand diacetonea cohol in phar-
maceuticals have attracted the attention of regul atory
authorities. Theseareknownto be potent carcinogenic
compounds®3. Their presencein the pharmaceutical
products may betheresult of leftover starting materi-
als, or formed as by-products between acid, base (of -
ten used as acounter ion) and ketone (often used as
solventsin manufacturing process). Although official
guidelines*® have not been established, the concen-
tration of these compounds are expected to be con-
trolled at alevel lessthan or equal to 10ppm . There-
fore, itisof great importanceto develop andytical meth-

odsthat are sensitive enough and meet all theregula
tory requirements.

The puremesityl oxide and diacetonealcohol are
liquids at ambient temperature with aboiling point
around 130 °C and 170°C respectively. Therefore, it
isfeasibleto separate and quantify these compounds
by gaschromatography. Theanaysisof themesityl ox-
ide and diacetone a cohol using HPL Cisnot straight-
forward because of the specific chemical and physical
properties of these compounds.

Thisshort communication describesasmpleand
sensitivemethod for the determination of mesityl oxide
and diacetone a cohol in pharmaceuti cal susing capil-
lary GC with flameionization detection (FID). Thelimit
of detection and limit of quantitation were determined
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to be about 2ppm and 10ppm per gram of AP, re-
spectively. The method utilizes adissolve-and-inject
approach for samplepreparation and introduction. The
sampleswereinjected inthe split modeand quantitation
wasachieved usngasinglepoint externd standard cdli-
bration.

EXPERIMENTAL

I nstrumentation

AnAgilent 6890 GC (Agilent, PAoAlto, CA,USA)
equi pped with an auto sampler was used in the experi-
ment. Dataacquisition and processing were conducted
using theWaters Empower software.

Chemicals

Mesityl oxide and Diacetone a cohol were pur-
chased fromAldrich Chemicd (Milwaukee, W1, USA).
HPLC grade equiva ent water was obtained from an
in-house Millipore Milli-Q-Gradient ultrapure water
system (Millipore, Billerica, MA, USA). Thisstudy dso
involves two proprietary Dr. Reddy’s Laboratories
Pharmaceutical Research & Devel opment compounds.

Prepar ation of Solutions

Thestock solutionsof mesityl oxideand diacetone
a cohol wereprepared by dissolving 5.8uL and 5.3uL
each of the compoundsin samplesolvent. Thediluted
stock solution (standard solution) was prepared by
pipetting 10uL each of the stock solutionsinto a10-
mL volumetricflask and dilutingto volumewith sample
solvent. The sampl e sol ution was prepared by accu-
rately weighing about 50 mg of the drug substance into
a2-mL GCvid and adding 1.0 mL of sample solvent.

Operating Conditions

The GC separation was conducted on anAlltech
AT-WAX columnwithadimensonof 30 m x 0.53 mm
andafilmthicknessof 1 ym. Helium was used ascar-
rier gasat aconstant flow of 2.6psi. The GC oventem-
peratureprogram utilized aninitid temperatureof 50 °C
and aninitia holding timeof 6 min, then increased at
8 °C/min to 115 °C with a hold time of 6 min, then
increased at 35°C/min to 220 °C. The final tempera-
turewasheld for 10 min.

A flameionization detection (FID) systemwas used.
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TheHZ2, air, makeup flowswerekept at 30, 350 and
30 mL/min, respectively. The detector temperature was
set at 260 °C.

The sampleswereinjected with theAgilent 6890
seriesauto sampler. Theinlet temperature was kept at
110 °C. A straight glass injection liner with glass wool
was obtained from Restek, (Restek, Bellefont, PA,
USA). Thesampleswereinjectedinasplit mode(1:1)
with al1-pL injection volume unless otherwise speci-
fied.

RESULTSAND DISCUSSION

M ethod Development and Optimization

Themain challengewasto achievethedesired de-
tection and quantitation limit usng themaost commonly
avallableinstrument, i.e. agas chromatograph with a
FID system. To obtain the desired sensitivity, one ap-
proachistoincrease sampleamount injected into the
GC system. The adoption of amegabore capillary GC
column (0.53 mm 1.D.) with a high capacity bonded
stationary phase seemsto bethe obvious choice. Suit-
ableinitial columntemperaturein combinationwitha
moderateinlet temperature (120 °C) may allow a rela-
tively largeinjection volumewithout Sgnificant deterio-
rationincolumn efficiency.

Theeffect of injection volumeon the quantitation of
the mesityl oxide and diacetone a cohol wasinvesti-
gated by injecting between 0.5 uL and 3 pL of thestan-
dard solution containing 10ppm each of mesityl oxide
and diacetone alcohol. Theresults show that the peak
widthsof mesityl oxideand diacetonea cohol areinde-
pendent of injection volumewithin thetested range.
Further studieswere not doneto determine the maxi-
mum injection volumethat the chromatographic system
could handlebecauseinterfering pesksfromthesample
solvent started being detected when theinjection vol-
umewasgreater than 2 pL in our experiments.Anin-
jectionvolumeof 1 uL waschosenfor thismethod asit
will not over load the column.

The effect of inlet temperature on thedrift of the
basdlinewasinvestigated. Theinlet temperaturewas
varied from 100to 200 °C. An aliquot of 1 pL of the
samplewasinjectedin thesplit mode. Theresultsshow
that at aninlet temperature morethan 130°C there is a
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driftinthe basdinewhich will effect thequantification
of diacetonealcohol. Aninlet temperature of 110 °C
was chosen, which allowed smooth basdline.

Thismethod utilizesadissolve-and-inject goproach
for theanalyss. Severa factorswereconsideredin se-
lection of asamplesolvent, including thepurity, itsabil-
ity todissolvetheanalyte, anditschemicd compatibil-
ity with the compounds of interest. To detect themesi-
tyl oxide and diacetonea cohol at 2ppmlevel, the pu-
rity of samplesolventiscritical. It hasbeen observedin
our |aboratory that the HPL C grade solventsare gen-
erdly suitable. Thetested sample concentration of drug
substances wasin therange of 40-100 mg/mL. The
use of water was successfully used for one of thein-
house compoundsfor theresdueanadysis(Fig1). The
mesityl oxide and diacetone a cohol showed reason-
ablegahility intheagueous solution. Thisisimportant
because many pharmaceuticdsarein sdt forms, which
sometimes show limited solubility in pure organic sol-
vents.
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Method Validation

A Critical parametersof validation wasdonefor
the developed work. Thevalidated method parameters
includeestablishment of limit of detection, limit of quan-
tification, precessionat limit of quantification and accu-
racy at limit of quantificationwasdone.

Thedetectionlimit (LOD) of the method for the
mesityl oxideand diacetonea cohol wasestimated from
achromatogram of asolution contai ning about 1.5ppm
and 2.0ppm respectively. From the chromatogram, a
signal-to-noiseratio of 2.8 and 3.0, was obtained for
mesityl oxideand diacetonedcohol respectively. Inthe
pharmaceutical industry, thequantitation limit (LOQ)
wasdefined asthelowest amount of andyteinasample
that can be quantitatively determined with suitable pre-
cision and accuracy. The LOQ was determined to be
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6ppm and 10ppm respectively for mesityl oxide and
diacetone a cohol (Fig 2) based onthe precision and
accuracy datadiscussed bel ow.
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Figure2: Chromatogram of astandard solution containing
6ppm and 10ppm of mesityl oxideand diacetonealcohol re-
spectively.

Theexperimentd resultsal so show that thismethod
has excdllent precision without using aninternal stan-
dard. Multipleinjectionswere madefor the standard
sol utions contai ning 6ppm and 10ppm respectively of
mesityl oxideand diacetonea cohol. For six injections
of thesolution, theR.S.D. of the peak areaof mesityl
oxidewas 7.8% and for diacetone alcohol was 8.2%

Accuracy of the method was determined by ana-
lyzing drug substance samplesspiked with limit of quan-
tification amount of themesityl oxideand diacetoneadl-
cohol. Therecovery was 122% for mesityl oxideand
91% for diacetone a cohol Because thismethod uses
the dissolve-and-inject approach, for every samplein-
jection, about 500 g of the drug substanceisintro-
duced intheinjection port. Theaccumulation of drug
substance may have negative effect on therecovery.
Thereforetheinjection liner should bereplaced after
every sequenceof 15-20 injections.

CONCLUSION

A smpleand sengitive GC method has been devel -
oped and validated for thetrace anaysisof mesityl ox-
ideand diacetonea cohol in pharmaceuticas. Themini
validation was performed. Compared with the previ-
oudy reported methodol ogies, thismethod utilizesaFID
detector, whichisreadily availablein most of thequal-
ity control testing laboratoriesin the pharmaceuticd in-
dustry andrelatively smpleto use. Thismethodissen-
Stiveenoughto detect 1.5ppm of mesityl oxide, 2.0ppm

Au Tudian Yournal



ACAIJ, 8(3) September 2009 K.Rama Seshaiah et al. 349

of diacetoneal cohol and quantify 6ppm of mesityl ox-
ide, 10ppm of diacetoned cohal in pharmaceutica prod-
ucts. [1]
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