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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 Epichlo-
rohydrin in pharmaceutical drug substance and drug product. The method
utilizes a capillary column with bonded and 6% Cyanopropylphenyl-94%
Dimethyl Polysiloxane (As per USP G43) stationary phase. A dissolve-
and-injection approach was adopted for sample introduction in a splitless
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mode. Dichloromethane is used as sample solvent. A limit of detection of
about 0.18 ppm and limit of quantitation of about 0.51 ppm were achieved
for the Epichlorohydrin in drug substance and drug product samples. The
method optimization and validation are also discussed in this paper.
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INTRODUCTION

Epichlorohydrin (1-chloro-2,3-epoxypropane) is
used mainly for themanufacture of pharmaceutica prod-
ucts, glycerol, unmodified epoxy resinsand, to alesser
extent, elastomers, water-treatment resins, surfactants,
ionexchangeresins, plagticizers, dyestuffs, oil emulsifi-
ers, lubricants, and adhesivesl. Their presenceinthe
pharmaceutical products may betheresult of leftover
starting materials, or formed as by-product. Official
guidelines have been established, the concentration of
the compound isexpected to be controlled at alevel
lessthan or equa to 1ppm. Epichlorohydrinismutagenic
inmogt short-term assays and the maximum contami-
nant level god for Epichlorohydrin hasbeen set at zero
by the USEnvironmental ProtectionAgency (EPA). A
review about the mutageni ¢ and clastogeni c effects of

Epichlorohydrinisavailable?.

Duetoitstoxicity, Epichlorohydrin hasbeenlisted
among compoundsdangeroustothewater environment.
No acceptablemeansof detecting Epichlorohydrinare
currently availableand the EPA requireswater suppli-
ersto use specia treatment techniquesto control its
releaseinto the environment®7.

Literaturemethodsfor thedetermination of Epichlo-
rohydrin in water samples are based on lon chroma-
tography and ICMS but IC or ICMS preceded by
time-consuming. Recently, an anaytical method based
on solid-phase extraction and subsequent GC determi-
nation has been presented®*3. To our knowledge, no
dissolve-and-inj ection approach Gas chromatographic
methodisavailablefor the determination of Epichloro-
hydrinin pharmaceutica products, itissmpleand ac-
curate technique.
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The pure Epichlorohydrinisliquid at ambient tem-
peraturewith aboiling point around 117.9 °C. There-
fore, itisfeasbleto andyzeand quantify thiscompound
by gaschromatography. Theanaysisof the Epichloro-
hydrin using HPL C isnot strai ghtforward because of
the specific physica and chemicd propertiesof thiscom-
pound.

Theam of thiswork wasto devel op areligbletech-
niquefor Epichlorohydrin determination based on Gas
chromatography. The method has been optimized
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(a) Epichlorohydrin LOQ precision:

through the parametersinvolved in the dissol ve-and-
injection. The method developed, coupled with a
preconcentration procedure, allowed oneto obtain,
after procedure optimization, a detection limit of
0.18ppm and quantification limitis0.51ppm (Figure 1)
Epichlorohydrin.

This short communi cation describesasmpleand
sensitivemethod for the determination of Epichlorohy-
drinin pharmaceuticalsusing capillary GC with flame
ionization detection (FID).

Time (m| n)
(b) Blank chromatogram.

Time (min)
(c) Epichlorohydrin standard (0.51ppm) chromatogram:

Figure 1

EXPERIMENTAL

AnAgilent 6890 GC (Agilent, PAoAlto, CA,USA)
equi pped with an auto sampl er was used in the experi-
ment, astraight glassinjection liner with glasswool was
obtained from Restek, (Restek, Bellefont, PA, USA).
Dataacquisition and processing were conducted using
thewaters Empower software.

Chemicals

Epichlorohydrin was purchased from Aldrich
Chemical (Milwaukee, WI, USA). Chromatography
grade equiva ent Dichloromethanewas obtained from
Merck. This study also involves to proprietary Dr.
Reddy’s Laboratories Pharmaceutical Research & De-
velopment compounds.

Hnalytical CHEMISTRY o

Preparation solutions

The stock solutionsof Epichlorohydrinwere pre-
pared by dissolving 100mg of Epichlorohydrinin 10mL
solvent (stock-1). Thediluted stock-1 solutionwaspre-
pared by pipetting 102uL of the stock-1 solution into a
10mL volumetric flask and diluting to volume with
sample solvent (stock-2), and further diluted to 15uL
of the stock-2 solution into a10mL volumetric flask
and diluting to volume with sample solvent (LOQ
solution).2.83mL of LOQ solutionintoalOmL of diluent
(LOD solution). The sample solution was prepared by
accuratdly weighing about 300 mg of the drug substance
intoa2mL GCvia and adding 1.0 mL of sample sol-
vent.

Chromatographic conditionsand equipment
The GC separation was conducted on an Alltech
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DB-624 (G 43) columnwith adimension of 30 meter,
0.32 mmand afilmthicknessof 1.8 pm. Helium was
used ascarrier gasat aconstant pressureof 6 psi. The
GC oventemperature program utilized aninitial tem-
perature of 40 °C and an initial holding time of 2 min,
and thenincreased at 10°C per minute to 240 °C. The
final temperaturewasheld for 4 minutes. A flame ion-
ization detection (FID) system wasused. The detector
temperaturewasset at 280 °C. The samples were in-
jected withtheAgilent 6890 seriesauto sampler. The
inlet temperaturewaskept at 130 °C. The samples were
injectedinasplitlessmodewith al pL injection vol-
umeunlessotherwise specified.

RESULTSAND DISCUSSION

M ethod development and optimization

Themainchdlengewasto achievethedesired detec-
tionand quantitationlimit using themost commonly avail-
ableingtrument, i.e. agaschromatographwithaFID sys-
tem. To obtain the desired sengitivity, onegpproachisto
increesesampleamount injected intothe GC system. The
adoption of amegabore capillary GC column (0.53 mm
1.D.) with ahigh capacity bonded Sationary phaseseems
tobetheobviouschoice. Suitableinitia columntempera:
turein combination with amoderateinl et temperature
(130 °C)mayallow arelatively large injection volume with-
out Sgnificant deteriorationincolumnefficiency.

Theeffect of injectionvolumeonthequantitation of
the Epichlorohydrin wasinvestigated by injecting be-
tween 0.5 ulL and 3 pL of the standard solution con-
taining 1ppm each of Epichlorohydrin. Theresultsshow
that the peak widths of Epichlorohydrin areindepen-
dent of injection volumewithin thetested range. Fur-
ther studieswere not doneto determine the maximum
injectionvolumethat the chromatographic sysem could
handl e becauseinterfering peaksfrom the sample sol-
vent started being detected when theinjection volume
wasgreater than 2 uL in our experiments. An injection
volumeof 1 ulL was chosen for this method as it will
not over load the column.

Theeffect of inlet temperature on basdinedrift and
therma stability of Epichlorohydrin drug substancewas
thoroughly investigated. Theinlet temperaturewasvar-
iedfrom 100t0 200 °C. Analiquot of 1 pL of'the sample

wasinjected inthe splitlessmode. The results shows
that if theinlet temperature morethan 160°C, it is ob-
served that drift in the baselineand dight degradation
of Epichlorohydrin, whichwill effect thequantification
of Epichlorohydrin. Aninlet temperatureof 130 °C was
chosen, which allowed smooth baseline.

Thismethod utilizesadi ssolve-and-inject gpproach
for theanalyss. Severa factorswereconsideredin se-
lection of asamplesolvent, including the purity, itsabil -
ity todissolvetheanalyte, and itschemica compatibil-
ity with the compounds of interest. To detect the Ep-
ichlorohydrin at 0.18ppm level, the purity of sample
solventiscritical. It hasbeen observed inour labora-
tory that the Chromatography grade solventsare gen-
erdly suitable. Thetested sampl e concentration of drug
substanceswasin therange of 100-300 mgmL™. The
Epichlorohydrin showed reasonablestability in theor-
ganic solutions, so dichloromethanewasused assample
diluent and more over al drug substances solublein
dichloromethane. Thisisimportant becausemany phar-
maceuticalsareinwithout sat forms, which showshigh
solubility in pureorganic solvents.

M ethod validation

Thevalidation work was conducted according to
thelCH (International Conference on Harmonization)
guiddines* thevaidated method parametersinclude
specificity, accuracy, precision, and solution stability.
Sengitivity

Thedetection limit (LOD) of the method for the
Epi chlorohydrin was estimated from achromatogram
of asolution containing about 0.18ppm. From thechro-
matogram, asigna-to-noiseratio of 2.0 wasobtained.
In the pharmaceutical industry, the quantitation limit
(LOQ) wasdefined asthelowest amount of anaytein
asamplethat can bequantitatively determined with suit-
ableprecison and accuracy. The LOQ wasdetermined
to be0.51ppm for Epichlorohydrin based onthe preci-
sionand accuracy datadiscussed below.

Theexperimenta resultsa so show that thismethod
has excdllent precision without using aninternal stan-
dard. Multipleinjections (n=6) weremadefor the stan-
dard solutions containing 0.51ppm of Epichlorohydrin.
For six injectionsof the solution, the RSD of the peak
areaof Epichlorohydrinwas4.9%.
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Accuracy

Accuracy of the method was determined by ana-
lyzing drug substance samples spiked with limit of
quantification amount of the Epichlorohydrin. There-
covery was 106% for Epichlorohydrin. Becausethis
method uses the dissol ve-and-inject approach, for
every sampleinjection, about 300 mg of the drug
substanceisintroduced in theinjection port. The ac-
cumul ation of drug substance may have negative ef-
fect on the recovery. Therefore the injection liner
should be replaced after every sequence of 20-25
injections.

Linearity

Linearity of the method was determined by pre-
paring and analyzing a series of six (n=6) stan-
dard solutionsto cover the concentration range of
0.51ppm — 6.0ppm. Regression analysis of the
peak areaversus concentration datayields an R?
> 0.996.

Accur acy/Recovery

Accuracy of the method was determined by ana-
lyzing drug substance sampl es (n=4) spiked with 2ppm,
3ppm, 4ppm and 6ppm of the Epichlorohydrin. The
recovery was 101%, 98.4%, 105.1%, and 95.3%re-
spectivey for Epichlorohydrin.

Ruggedness

Ruggedness of the method was performed by do-
ing precison study for the standard solutionwith differ-
ent column, different system and different analyst and
the percentage RSD for the Epichlorohydrin pesk area
isabout 4.0.

Robustness

Robustness of the method was checked by varying
the column oven temperaturefrom 40°C to 35°C and
45°C and the column flow from 6 psi to 6.5 psi and
5.5pg, different day and analyst. Precision study was
doneinthe abovemodified conditionsfor thestandard
solution and the percentage RSD for the Epichlorohy-
drin peak areaisabout 6.0.

Solution stability

Solution study was performed for 24 hours and
found thesolutionto bestable.

CONCLUSION

A smpleand sengitive GC method has been devel -
oped and validated for the trace level analysisof Ep-
ichlorohydrinin pharmaceuticds Comparedwiththepre-
vioudy reported methodol ogies, thismethod utilizesa
FID detector, whichisreadily availablein most of the
quality control testing laboratoriesin the pharmaceutical
industry and relatively smpleto use. Thismethod issen-
sitiveenoughto detect 0.18ppm of Epichlorohydrinand
can quantify upto 0.51ppminpharmaceutica products.
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