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Abstract

A sensitive and selective gas chromatography method using flame ionization detection was developed for the
determination of diethylcarbamazine (DEC) in human plasma. DEC and the internal standard, 1-diethylcarbamyl-4-
ethyl piperazine HCl (E-DEC), were extracted from human plasma after loading onto a conditioned C18 solid phase
extraction cartridge, rinsed with water and eluted with methanol. After evaporation under a stream of nitrogen and
reconstitution in methanol, 3 �l were injected onto the GC system. Separation was achieved on a A Heliflex® AT-35
capillary column (length 30 m, internal diameter 0.32 mm). Gas flow rates were: hydrogen, 35 ml/min; carrier gas
(helium), 1.5 ml/min, make-up gas (helium), 25 ml/min; and air 420 ml/min. The retention times of DEC and internal
standard were approximately 5.5 and 7.28 min, respectively. The GC run time was 22 min. The assay was linear in
concentration range 100–2000 ng/ml for DEC in human plasma. The analysis of quality control samples for DEC
(120, 1000, 2000 ng/ml) demonstrated excellent precision with coefficients of variation of 4.5, 1.3, and 1.6%, respec-
tively (n=6). The method was accurate with all intra-day (n=6) and inter-day (n=12) mean concentrations within
4.3% from nominal at all quality control sample concentrations. DEC was found to be stable after 3 freeze-thaw
cycles, and with storage at −20°C for 12 weeks. The method is currently being used for pharmacokinetic studies of
DEC in healthy volunteers. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Single doses of DEC in combination with al-
bendazole has been found safe and efficacious for
the treatment of Brugia malayi infection [1], and
single dose treatment of 6 mg/kg of DEC with
ivermectin is effective against adult Wuchereria

bancrofti [2]. These and other studies support
mass treatment campaigns for the elimination of
lymphatic filariasis. Despite numerous DEC effi-
cacy trials for the treatment of lymphatic filaria-
sis, the pharmacokinetics of DEC in various body
fluids has not been well characterized. Spectro-
scopic methods of analysis that utilize chro-
mophores, like HPLC with UV detection, are not
suitable for DEC because it is a compound that
lacks a chromophore. A major barrier to the
investigation of DEC pharmacokinetics is the lack
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of a specific and sensitive analytical method for
biological fluids.

In order to achieve the sensitivity and specificity
for the determination of DEC in plasma, a num-
ber of gas chromatographic methods have been
developed [3–7]. We previously reported a sensi-
tive and specific gas chromatography method that
used solid phase extraction and nitrogen–phos-
phorus detection [7]. Regular maintenance that
was required for the nitrogen–phosphorus detec-
tor made it difficult to apply this method to
clinical pharmacokinetic studies with high sample
throughput requirements.

In this study, we report a sensitive, selective,
accurate and reproducible gas chromatographic
assay using flame ionization detection for the

determination of DEC in human plasma. With
the use of an autoinjector, this method is suitable
for processing a large number of DEC plasma
samples withdrawn during clinical pharmacoki-
netic studies.

2. Experimental

2.1. Sol�ents and chemicals

All solvents and chemicals were HPLC grade.
Organic solvents, sodium carbonate (anhydrous),
and sodium bicarbonate were purchased from
Fisher Scientific (Fair Lawn, NJ, USA). Carbon-
ate buffer, pH 10.0, was prepared using the
sodium carbonate (anhydrous), and sodium bicar-
bonate. A solution of 0.1% triethylamine in
methanol was made for the elution solvent. Di-
ethylcarbamazine citrate was obtained from
Sigma, and used to make stock solutions (St.
Louis, MO, USA). The internal standard, 1-di-
ethylcarbamyl-4-ethylpiperazine (E-DEC) was
synthesized by the Division of Medicinal and
Natural Products Chemistry at the University of
Iowa, College of Pharmacy. Ultrapure analytical
grade Type I water was produced by a Milli-Q
Plus water system (Millipore Corporation, Bed-
ford, MA, USA).

2.2. Standard stock solutions

Diethylcarbamazine citrate was used to make
stock solutions. Diethylcarbamazine citrate, and
E-DEC were weighed on a Mettler-Toledo AG104
analytical balance (Mettler-Toledo, Inc., Hight-
stown, NJ, USA). The weight of DEC citrate was
corrected for the salt to measure the concentra-
tion of DEC. The appropriate amounts of drug
were dissolved using methanol in volumetric
flasks to make a 1 mg/ml stock solution of each.
A working standard for each concentration point
on the standard curve was prepared, as well as a
21 �g/ml working solution for the internal stan-
dard. For all quantitated samples, 25 �l of work-
ing internal standard solution was added. All
standard solutions were stored in a −20°C

Fig. 1. Structures of diethylcarbamazine and the internal stan-
dard, 1-diethylcarbamyl-4-ethyl piperazine.

Table 1
Calibration curve parameters and statistics for DEC in human
plasmaa

Slope y-interceptCurve Correlation
coefficient

1 1.019E−03 1.123E−02 0.9976
2 9.915E−031.012E−03 0.9982
3 1.028E−03 1.099E−02 0.9996
4 1.008E−03 2.249E−02 0.9989
5 9.894E−04 2.997E−02 0.9986

9.725E−04 1.092E−026 0.9983

1.005E−03 1.592E−02 0.9985Mean (n=6)
S.D. 2.041E−05
CV(%) 2.03

a S.D., standard deviation; CV, coefficient of variation.
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Fig. 2. Chromatograms of (A) blank (analyte-free) human plasma; (B) calibration standard containing 120 ng/ml DEC in human
plasma; and (C) calibration standard containing 1700 ng/ml DEC in human plasma.



J.R. Miller, Jr., L. Fleckenstein / J. Pharm. Biomed. Anal. 26 (2001) 665–674668

Table 2
Evaluation of the lower limit of quantitation (70 ng/ml) for diethylcarbamazine in human plasmaa

DEV (%)Calculated concentration (ng/ml)Sample number

1 67.3 −3.86
−8.862 63.8
−3.8667.33

0.004 70.0
−10.1462.95

62.96 −10.14
65.7Within day mean (n=6)

2.93S.D.
4.46CV (%)

−6.14DMT (%)

a S.D., standard deviation; CV, coefficient of variation; DMT, deviation of mean value from nominal; DEV, deviation of single
value from nominal.

freezer, and fresh stock solutions were made
monthly, or as needed.

2.3. Instrumentation

Chromatographic separations were performed
on a Hewlett-Packard 5890 Series II Plus gas
chromatograph equipped with a flame ionization
detector (FID) and a HP 7673 automatic sampler
(Hewlett-Packard, Palo Alto, CA, USA). Integra-
tion results from this automated system were pro-
cessed by using HP ChemStation Rev. A.06.03
and a Hewlett-Packard DeskJet 812C printer. The
GC was operated at the following temperatures:
injector, 180°C; oven, 160°C; and the detector at
240°C. Gas flow rates were: hydrogen, 35 ml/min;
carrier gas (helium), 1.5 ml/min, make-up gas
(helium), 25 ml/min; and air 420 ml/min. The
carrier gas was passed through an Alltech gas
purifier and Oxy-Trap® before entering the GC.
The column head pressure was 11 p.s.i.. A He-
liflex® AT-35 capillary column, 30 m long with an
internal diameter of 0.32 mm and a film thickness
of 0.25 �m was used (Alltech, Deerfield, IL,
USA). Compressed air, helium, and hydrogen
were obtained from the University of Iowa gen-
eral stores (Iowa City, IA, USA).

2.4. Extraction procedure

This procedure was validated using 0.5 ml of
spiked human plasma. Outdated human plasma

was obtained from the Blood Bank at the Univer-
sity of Iowa Hospitals and Clinics and stored
frozen in aliquots at −20°C. Extraction of the
DEC and internal standard was carried out by
solid phase extraction (SPE). Alltech Extract —
Clean® C18 cartridges, 500 mg with a 2.8 ml
reservoir, and a SPE vacuum manifold (Alltech,
Deerfield, IL, USA) were used for the procedure.
Pipetman® precision microliter pipettes (Woburn,
MA, USA) were used throughout the assay.

Table 3
Intra-day and inter-day precision and accuracy for DEC in
human plasmaa

Theoretical concentration (ng/ml)

1000120 2000

Intra-day run
Overall mean (n=6) 116 1021 2028
S.D. 5.2 13.3 32

4.5CV (%) 1.3 1.6
DMT (%) −4.3 2 1.4

Inter-day run
2016118 1026Overall mean

(n=12)
8.2 14.2S.D. 33.2

CV (%) 6.9 1.4 1.6
DMT (%) −1.7 2.6 0.8

a S.D., standard deviation; CV, coefficient of variation;
DMT, deviation of mean value from nominal.
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Table 4
Recovery of DEC and E-DEC (internal standard from human plasma)

E-DEC (internal standard)DECConcentration (ng/ml)

Mean pure area Mean % recoveryMean extract areaMean % recoveryMean pure areaMean extract area
(n=6)(n=6) (n=6)(n=6) (n=6)(n=6)

90.7268590.9 2961372338120
CV (%) (n=6) 6.8 5.7 5.3 7.8

82.482.1 3893320640351000 3312
4.812.9 5.7 12.0CV (%) (n=6)

4059 4866 83.482752000 10 183 81.3
12.1 17.6CV (%) (n=6) 16.911.9

85.5Overall recovery 84.8
(n=18)
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Table 5
Autosampler stability of a DEC (600 ng/ml) extracted human
plasma samplea

Calculated concentration (ng/ml)Time (h)

0 631
6321.63

2.87 636
6324.10

5.33 634
6266.57
6327.80
6419.45
63713.35

633Mean
4.15S.D.
0.7CV%

a S.D., standard deviation; CV, coefficient of variation.

Fig. 3. Plot of typical DEC calibration curve.

tridge volume of HPLC grade water. The samples
were then transferred to the appropriate activated
cartridge, and aspirated at a reduced vacuum
(5–7 in Hg.) After aspiration, each cartridge was
washed with 2.5 ml of HPLC grade water, and
allowed to dry for 10 min under vacuum. For
sample elution, 2 ml of 0.1% triethylamine in
methanol was added to each cartridge, and al-
lowed to pass through the cartridge into properly
labeled 5 ml disposable centrifuge tubes under a
low vacuum. After elution, the eluant was evapo-
rated in a 40°C N-EVAP® (Berlin, MA, USA),
under a gentle stream of nitrogen. When evapora-
tion was complete samples were reconstituted
with 50 �l of methanol, and vortex mix for 60 s.
The reconstituted samples were transferred to
vials containing limited volume conical inserts
and placed on the autosampler where 3 �l was
injected into the GC.

2.5. Data regression

Chromatographic data were collected and inte-
grated by the ChemStation chromatography sys-
tem. Peak area ratios of DEC/E-DEC were
calculated. The calibration curves were obtained
by unweighted least-squares linear regression
analysis. The equations of the calibration curves
were then used to calculate the concentrations of
DEC in the samples and QC samples by their
peak area ratios.

Table 6
Freeze and thaw stability of DEC in plasma specimens during
3 freeze-thaw cyclesa

Time period Theoretical concentration (ng/ml)

120 2000

n=5Time=0 n=5
137Mean 2056

8.4S.D. 41.6
CV (%) 2.06.1

n=5 n=5Cycle 2
152Mean 1851

S.D. 9.9 17.3
6.5CV (%) 0.9

Cycle 3 n=5 n=4
2114122Mean

8.9S.D. 351
7.3CV (%) 16.6

a S.D., standard deviation; CV, coefficient of variation.

An eight point calibration curve was prepared
daily with each set of samples by adding 25 �l of
the appropriate DEC working solution, and 25 �l
of internal standard working solution to 0.5 ml of
human plasma. Prior to extraction 1.0 ml of
carbonate buffer pH 10.0 was added to all sam-
ples, and vortex mixed for 30 s. For each sample
a SPE cartridges was activated by aspirating 1
cartridge volume of methanol, followed by 1 car-
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2.6. Precision, accuracy, and reco�ery

Precision, accuracy, and recovery were evalu-
ated by conducting repeated analysis (n=6) of
spiked plasma samples at three different concen-
tration levels: 120, 1000, and 2000 ng/ml. The
coefficient of variation of each concentration was
calculated to determine the precision of the
method. Comparing the measured concentrations
of extracted plasma samples, and the true concen-
tration in the spiked samples determined the accu-

racy of the method. Recovery was assessed by
comparing the detector response from an amount
of DEC added to and extracted from drug free
human plasma, compared to the detector response
obtained for unextracted standard mixtures repre-
senting 100% recovery.

2.7. Stability

Freeze and thaw stability, long-term stability,
and autosampler stability experiments were con-

Table 7
Storage stability of 120 and 2000 ng/ml DEC in human plasma at −20°Ca

0 2Time (weeks) 4 9 12

120 ng/ml
Mean (n=6) 100 136 108 86 99

13.0S.D. 18.7 22.8 8.4 3.7
3.79.713.0 21.1CV (%) 13.8

2000 ng/ml
1996 1970Mean (n=6) 1980 1930 2070

16.7 27.0S.D. 37.896.6 195
1.94.90.8CV (%) 1.4 9.4

a S.D., standard deviation; CV, coefficient of variation.

Fig. 4. Plasma concentration-time profile for DEC in a healthy subject after taking 300 mg DEC citrate orally.
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ducted. The long-term stability experiment of
DEC in human plasma was assessed over a pe-
riod of 12 weeks. Both the freeze/thaw and long-
term stability studies were carried out at two
concentration levels by spiking drug-free plasma
to 120 and 2000 ng/ml with storage in a −20°C
freezer (Model ULT 2540-7-A12 freezer, Revco
Scientific Inc., Asheville, NC, USA). The freeze/
thaw experiment was carried out over 3 freeze
and thaw cycles. Autosampler stability was con-
ducted under the usual conditions by repeated
injection of an extracted spiked 600 ng/ml plasma
sample.

3. Results and discussion

3.1. Separation

The molecular structures of DEC and E-DEC
(internal standard) are shown in Fig. 1. Sample
chromatograms are shown in Fig. 2. Blank
plasma from six separate lots of human plasma
was tested for endogenous interference. Of the
lots tested, all were clear of interference in the
DEC and internal standard regions. A represen-
tative chromatogram of the plasma blank se-
lected for use in the validation procedure is
shown in Fig. 2A. Fig. 2B and C show chro-
matograms of calibration standards containing
120–1700 ng/ml of DEC in human plasma, re-
spectively. The retention time for DEC is 5.5 min
and for the internal standard (E-DEC) it is 7.28
min. The HP ChemStation and autosampler al-
low a unattended injection of multiple samples,
with a reasonable run time of approximately 22
min per sample.

3.2. Linearity

Calibration curve parameters for DEC are
shown in Table 1. A plot of a typical standard
curve is shown in Fig. 3. Results were calculated
using peak area ratios. Calibration curves for
DEC in human plasma were linear using un-
weighted linear regression in the concentration
range of 100–2000 ng/ml, with correlation coeffi-
cients greater than or equal to 0.9934 for all

curves. The calibration curve covers a range up
to 150% of the expected concentrations for ana-
lyzing the body fluids of subjects given a 6 mg/kg
oral dose of DEC citrate.

The limit of quantification (LOQ) in human
plasma was accepted as 70 ng/ml. Plasma sam-
ples were spiked to a nominal concentration of
70 ng/ml with DEC working solution and inter-
nal standard and carried through the extraction
procedure. At the LOQ, the C.V. (n=6) of the
measured concentration was 4.5%, and the devia-
tion of the mean of the measured concentrations
from the nominal value was −6.1% (Table 2).
The limit of detection, defined as a signal to
noise ratio of 5:1 is 60 ng/ml. Increased sensitiv-
ity can be achieved, if needed, by using 1 ml of
plasma.

3.3. Precision, and accuracy

Data on precision and accuracy are shown in
Table 3. For an intra-day run (n=6), the coeffi-
cient of variation of DEC at 120, 1000, and 2000
ng/ml has been shown to be 4.5, 1.3, and 1.6%,
respectively. The deviation of mean values from
nominal (n=6) are −4.3, 2 and 1.4% for DEC
concentrations 120, 1000, and 2000 ng/ml, respec-
tively. The inter-day precision is also shown in
Table 3. The CV results for inter-day precision at
the same concentrations are all less than 7% (n=
12). The deviation of mean values from nominal
(n=12) are −1.7, 2.6 and 0.8% for DEC con-
centrations 120, 1000, and 2000 ng/ml, respec-
tively. These results indicate there is good
reproducibility and accuracy for the determina-
tion of DEC for samples determined on the same
or different days.

3.4. Absolute reco�eries

Recovery was tested at low, medium and high
concentrations of DEC and internal standard.
Absolute recoveries were determined by compar-
ing the peak areas of extracted QC samples with
the peak areas of recovery standards (unextracted
equivalents of extracted QC samples). The mean
recoveries for DEC and the internal standard
were 84.8 and 85.5%, respectively (Table 4).
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3.5. Stability

Autoinjector stability was carried out for over
13 h by repeated injection of the same extracted
plasma sample at room temperature (nominally
25°C). The results presented in Table 5 show the
extracted specimens remained stable over the
course of the study.

QC samples containing 120 and 2000 ng/ml
DEC in plasma were subjected to 3 freeze/thaw
cycles. Samples were frozen at −20°C for 24 h
and thawed unassisted at room temperature.
When completely thawed the samples were trans-
ferred back to the original freezer and kept re-
frozen at least 24 h. Freezing and thawing of the
QC samples appeared to have no effect on quanti-
tation of the analyte (Table 6).

QC samples containing 120 and 2000 ng/ml
DEC in plasma were subjected to storage at −
20°C for 12 weeks. Plasma samples (n=6) were
taken for DEC analysis at 0, 2, 4, 9 and 12 weeks
(Table 7). The QC samples stored in a freezer set
to maintain −20°C remained stable for the dura-
tion of the study period.

3.6. Application of assay

Fig. 4 shows the concentration time profile of
DEC in plasma for a human subject. The concen-
trations were measured using the described assay
using samples obtained from a healthy subject
after oral administration of 300 mg of DEC cit-
rate. Control samples with nominal concentration
of 200, 1000 and 1660 ng/ml were analyzed at the
beginning and the end of the analytical run.

3.7. Interference by other drugs

We have tested the assay for potential interfer-
ence by other drugs and metabolites that may
interfere with the assay. We have tested EDTA
(used as an anticoagulant), albendazole and its
metabolite, albendazole sulfoxide, spiked into
plasma samples carried through the assay proce-
dure and found no interference. We also tested for
potential interference by the DEC metabolite,
DEC-N-oxide [8–10]. DEC-N-oxide is a potential
concern, because the N-oxide is thermally labile

and can be converted back to DEC under the
elevated temperature conditions of the gas chro-
matograph [7]. However, DEC-N-oxide does not
interfere with the assay because it is removed by
the solid phase extraction procedure.

4. Conclusions

We describe a gas chromatographic assay pro-
cedure using solid phase extraction for the specific
and quantitative analysis of DEC in human
plasma samples. The assay uses 1-diethylcar-
bamyl-4-ethylpiperazine as an internal standard
and has a run time of approximately 22 min. The
assay has been validated and the results of valida-
tion demonstrate that the standard curve is linear
over the concentration range of 100–2000 ng/ml.
The assay is reproducible and accurate, with re-
covery of the analyte and internal standard in the
range of 80–90%. The analysis requires 0.5 ml of
plasma and has a detection limit of 60 ng/ml. The
stability of plasma samples stored at −20°C has
been demonstrated for up to 12 weeks. Autoinjec-
tor stability has been demonstrated for over 13 h
and freeze-thaw stability has been demonstrated
for 3 freeze-thaw cycles. The procedure has a
sample throughput of at least 30 specimens per
day. The assay meets the guidelines for bioanalyt-
ical methods validation for human studies [11].
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