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ABSTRACT

A novel analytical technique of dynamic drop-to-drop solvent microextraction (DDSME)
is developed to determine phenothiazine drug promethazine commonly used in cough
syrups and in aesthetic drinks, purple drank most common among youths. Here we
apply coupling of highly sensitive technique of GC-MS with dynamic DDSME for the
subnanomolar detection of promethazine drug from human biological samples (blood and
urine). The method is a virtually solvent free and miniaturized version of traditional Liquid-
liquid microextraction (LLME), where the solvent to aqueous ratio is greatly reduced. The
best optimum parameters for the dynamic DDSME technique were: extraction time of 10 m,
using 1-Octanol as the extraction organic solvent, volume of extraction solvent 3 ul,
volume of donar aqueous phase 20 ul and with no salt addition, the calibration range for
dynamic DDSME is from 0.0 to 5.0 ug ml" with correlation coefficient (R?) of >0.984.
LOD for the drug was found to be 0.007 ug/ ml.

Key words: Dynamic DDSME, Mass-spectrometry, Pharmacokinetic studies, Promethazine,

Optimization.

INTRODUCTION

Depression including adult hypertension is
an important public-health challenge world-
wide, thus priority should be given to aim
at its determination of prevalence and
prevention as a major health issue.! Many
types of antidepressant drugs have been
used ever-since including TCAs (Tricyclic
antidepressants) and other antipsychotic
drugs thus, the determination of these drugs
in human and animal biological fluids has
always been a topic of interest for forensic
pathologists and toxicologists. Promethazine
is an antihistamine of phenothiazine family,
it is a histamine H1-receptor antagonist.
Literature review reveals its use in anti-
motion sickness, anti-emetic, anticholinergic

and for its sedative effects.

Promethazine is a lipophillic drug freely
soluble in water at pH 5-7 with a pKa of
9.05. It is well absorbed from the gastro-
intestinal tract and also undergoes hepatic
metabolism mainly to N-desmethyl pro-
methazine. Several method for the deter-
mination of promethazine in blood and
urine samples have been reported such as
nephelometric titrations,? capillary elec-
trophoresis  and  chemiluminescence,’
spectroanalytical methods,* conductomettic-
determination,” advanced spectroscopic
techniques,” LC-MS,® GC-MS’ and HPLC."""!
Determination of antidepressants in blood,
brain and hair tissues have also been
reported using solid phase microextraction

coupled with GC-MS."
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Several microextraction techniques of sample preparation
and extraction for drugs have been already reported
but they suffer from various limitations for instance
Single drop microextraction (SDME) is not used for
sample preparation as it has poor reproducibility and
also it results into instability of the solvent drop."” Solid
phase microextraction (SPME) suffers from the limita-
tions like relatively expensive (fiber cost), limited time
of fiber use, matrix effects and fiber damage. Liquid-
liquid extraction (LLE) involves several steps which may
eventually lead to loss of analyte which can prove to
affect the sensitivity and selectivity of the method
specially in cases where the availability of sample is
scarce.'* Thus, in order to overcome these limitations
herein we developed a virtually solvent free, less time
consuming method as compared to previously reported
techniques of sample preparation. The method is based
on the principle of enhanced diffusion of the target
drug analyte from the aqueous phase to the organic
phase, this potential for the mass transfer of the analyte
is due to the concentration difference of the analyte
between the two immiscible organic and aqueous phases
and is given by the concentrations at equilibrium and at
initial concentration.

C1(PRO/ORG)Eq = K C(PRO/AQUEOUS)Eq

Where, C1 = Concentration of Promethazine in organic
phase at equillibrium
C2 = Concentration of Promethazine in aqueous
phase at equillibrium
and k = distribution coefficient

Thus, there is an equilibrium established between the
amount of the target drug analyte between the organic
acceptor phase and circulating donar phase. Also the
number of times the aspiration procedure is performed
enhances the amount of analyte extracted. Here the rate
determining step is often the process of transfer of analyte
from the donar to the acceptor phase and hence sub-
sequently determines the extraction efficiency. Also
the dynamic drop to drop microextraction coupled to
GC-MS s preferred and because itallows for the possibility
of compound identification through commercially
available libraries. Thus, the present work is needed
and developed as an eco-compatible and cost efficient
method for the trace level determination of promethazine
in small amounts of sample solutions using novel
dynamic drop-to drop microextraction method and its
subsequent analysis using GC-MS technique.
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MATERIALS AND METHODS

Chemicals and reagents

Analytical reagent grade methanol, chloroform, toluene,
1-Octanol and n-Hexane were obtained from Sigma-
Aldrich (St. Louis, MO, USA). Pure drug samples were
procured from Sigma-Aldrich (St. Louis, MO, USA).
Stock solution of the drug was prepared in methanol
with concentration of 1mg ml™. pH of the solution was
adjusted using 0.1 N HCI and 0.1 N NaOH solutions
and measured using digital pH meter (L1-617 ELICO,
Hyderabad). Polyethylene vials with caps were used
to collect blood samples from the patients undergoing
treatment with Promethazine and were stored in
refrigerator till the time of analysis. Chlorpromazine
(C,.H,,CIN_S Mol. Mass - 355.321 g mol") was used as
Internal standard (IS) based on structural similarities
and fragmentation patterns.

Dynamic drop to drop microextraction protocol

The procedure was carried out in a 100 ul vial with a
PTFE (polytetrafluoroethylene) faced silicon septum and
contains deionized water and blood sample separately.
Aqueous sample of the target drug analyte was stirred at
300 rpm for the enhanced transfer of the analyte from
the aqueous to the organic phase. The microsyringe used
for the extraction were of different tip configurations
and according to the tip orifice we used different micro-
syringes like cone tip, bevel tip and blunt tip. The
microsyringe was washed several times with the organic
acceptor phase to remove any traces of moisture left in
the microsyringe. 2-4 pl of the solvent is taken into a
10 pl microsyringe with an angle cut tip and fixed into a
clamp just above the vial for the easy movement of the
organic solvent in and out of the microsyringe for the
microextraction of the drug from the spiked deionized
water and blood samples. 5.0 ul of the aqueous solvent
is withdrawn into the microsyringe held for 5.0 s for
the extraction purpose and finally pushed back to the
sample vial."”” This process is repeated several times until
appropriate quantities of the drug has been extracted
into the organic acceptor phase. Once a cycle of about
10-15 times has been performed the drug enriched
organic acceptor phase is retracted back into the micro-
syringe and further injected into the inlet of GC-MS for
further investigations. The details of the procedure for
Dynamic drop to drop microextraction has been illus-
trated in Figure 1. The same syringe is used to introduce
the drug enriched solvent into the GC-MS for the iden-
tification and quantification processes.'®
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Figure 1: Schematic diagram for Dynamic DDSME procedure.

GC-MS operating conditions

A Thermo LTQ-XL GC-MS fitted with DB-5 capillary
column (30m x 0.25mm x 1 micron) Supelco, Mississauga,
ON, Canada was used for the analysis of the drug, The
injection temperature was maintained at 250°C and
the injection was made in the splitless mode. The initial
oven temperature of the GC was kept at 80°C for 3 m
and then programmed to increase to 250°C with
increase of 20°C per minute and finally held for 3 m.
High purity He (99.99%) was used as a carrier gas and
flow rate set at 1.0 ml per min. GC-MS under Electronic
ionization in selective ion monitoring (SIM) was con-
sidered to obtain the spectra. The molecular ion peak
was observed at m/z 284.1 and the other fragment ions
were observed at m/z 281.22, 209.11 and 147.20 as
presented in Table 1. The mass range of detection for
the mass spectrum was set between the range 50-400 Da.

RESULTS

Optimization of the analytical parameters

Various parameters affecting the extraction efficiency of
the analyte drug is investigated for maximum efficiency

for the present method. The effect of various param-

Table 1: GC-MS peaks for Promethazine HCI

Quantifier Quallfl_er fon Retention
Drug . Retention time . K
ion m/z . time (min)
(min)
50 (42.4)
Promethazine 720 | 284.1,180.0,198.0 | 68 (57.6)
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eters were used to identify and quantify the presence of
the drug primarily in the human biological samples.'”"”
Parameters affecting the extraction efficiency were
investigated. Under optimal extraction conditions very
high enrichment factor were achieved.

a). Nature of extraction solvent

The selection of the extraction solvent used should have
low solubility in aqueous phase, high distribution coeffi-
cient and high chromatographic resolution, extractions
were performed using several solvents like benzene,
1-octanol, xylene, toluene, n-hexane and chloroform for
appropriate extraction time and at pH 9.0. The relative
abundances of the peak obtained in GC-MS were
maximum using 1-Octanol as solvent and hence it was
used in subsequent experiments.

b). Number of sampling cycles

In dynamic DDSME technique with each aspiration cycle
there was fresh transfer of the analyte from the donar
to the acceptor phase thus, there was a linear relationship
between the amount of the analyte extracted and the
number of aspiration cycles.” It was found that the
extraction efficiency of the drug increases with increase
in number of sampling cycles probably due to enhanced
mass transfer of the drug from the donar (aqueous) to
organic (acceptor) phase. For the present work 8-10
cycles of repeated aspirations were performed for 3 m
extraction time to yield the desired level of extraction.
Further increase in sampling volume has no influence in
the extraction efficiency probably due to saturation of
the organic acceptor phase with the drug.

c).Volume of organic solvent

High enrichment factor is achieved with high donar to
acceptor volume ratio. In order to study the effect of
the sampling volume of the extraction solvent, the volume
was varied from 0.5 to 2.5 pl for the extraction of the
analyte. It was found that the extraction efficiency
increases with increase in the sampling volumes of
the acceptor phase for a fixed volume of donar phase
probably due to increase in the amount of analyte with
increasing solvent volumes as shown in Figure 2 (a). The
relative abundances increases with increase in sampling
volume from 0.5 to 2.5 ul and then becomes almost
constant due to attainment of equilibrium conditions
and hence a sampling volume of 2.5 pl was selected for
the present investigation

d). Volume of aqueous phase

This is an important parameter which effects the extrac-
tion efficiency of the analyte and using larger volumes
of the solvents better enrichment of the drug can be
achieved which was not possible using previously
reported methods. The volume of the aqueous phase
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Figure 2: Optimization of analytical parameters a). Volume of
acceptor solvent b). Volume of donar phase c). pH.

was vatied from 10 to 100 pl and best extraction was
obtained at 40 pl and hence this volume was used for
the present investigation shown in Figure 2 (b).

e). Salt effect (NaCl)

Prior to GC-MS analysis the effect of ionic strength by
salt addition on the peak area in the GC-MS was also
studies by the addition of the salt into the donar phase.
The experiment was carried out by varying the concen-
tration of salt from 0-10 % (w/v) in the donar phase,
here the rate of transfer of analyte from the donar to
the acceptor phase decreases which further interferes
with the results of the dynamic DDSME procedure
and hence all the investigations were performed in the
absence of salt.

f). Effect of pH

Promethazine is a basic drug with the pKa value of
9.05. The pH was adjusted using 0.1 N NaOH and 0.1 N
HCI to 8.5 (<9.05). The relative abundances of the
analyte drug increases with the increase in pH from
2 to 12 and higher extraction efficiency of the drug
was achieved at pH of 10, the results are shown in
Figure 2 (c) and hence was selected as the optimum pH
value for the present investigation. At pH lower than the
pka value of the drug protonation occurs which affects
the extraction efficiency and analysis results.

g). Effect of stirring rate

Agitation and stirring of the sample solution increases
the rate of convection thus speeds up the mass transfer
of the analyte drug from the sample solution to the
acceptor solution. It was found that further increase in
temperature beyond 60-65°C causes the microdrop to
detach from the needle tip with 15.0 m of extraction
time.
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DISCUSSION

The method basically relies on the differential distribu-
tion of analytes between different phases at equilibrium.
Here the sample analyte is mass transferred from the
sample solution to the headspace microdrop of the
acceptor phase. For studying the matrix effect of the
microextraction procedure implemented, three replicate
extractions were performed at the set optimal conditions
in deionized water containing known quantities of the
drug sample in the same linear range. The reason for
better EF of the dynamic DDSME method is attributed
due to enhanced rate of transfer of the drug from the
donar to the acceptor phase.”’ Also relative recoveries
which is defined as the ratio of the concentration of
the analyte in the biological sample to its concentration
in the deionized water spiked with the same amount of
the analyte has been found to be well within the limits.*'

Method validation

The results obtained for the analysis of the drug in
the blood samples is summarized in the Table 2. The
sensitivity of the method was found to be satisfactory

Table 2: Summary of the validation parameters for the
DDSME coupled with GC-MS

"r;":a; LOD %
Drug (mg R2 (ug | %RSD | Absolute
L1) ml-1) recovery

Promethazine | 0.0-5.0 | 20.984 | 0.007 6.8 91.6-
101.1

Table 3: Comparison of the present method with

other method

Dynamic Solvent
DDSME GCMS Extraction LCMS
Sample | 1op | LOQ | Linear | LOD | LOQ | Linear
(ngml (ngml range (ugml?) | (pgml range
") ") (mg/ml) ") (mg/ml)
Deionized | 0.007 10.41 0.5-2.5 0.009 13.3 0.05-0.3
water
Urine 0.009 13.47 NR NR
Blood 0.024 22.62 NR NR
NR*- NOT REPORTED
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in terms of LOD and LOQ values. The selectivity was
analyzed in terms of the plots between the peak areas
vs the drug concentration. The linearity of the drug was
measured in the range of 0.0 to 2.5 pg ml . Also the
analysis of the linearity range complies with the guidance
for industrial and bioanalytical method validation.? The
precision of the results obtained was measured in terms
of repeatability was also well within the range.

Application of the proposed method to real biological
samples for pharmacokinetic studies

The obtained parameters for the efficient extraction
of the drug was further extended to real blood sample
of the patients following the course of treatment with
the Promethazine drug, We collected the blank blood
sample (without drug) before the onset of the treatment
and consequently patient was given a 10 mg tablet of
Promethazine for the first night and blood samples were
collected after 4 h and after 8 h after informed consent
has been obtained from the participants involved. The
signal of the drug was obtained at a given retention
time after GC-MS analysis and the signal peak was not
changed due to the matrix effects of the other drugs
and also doesn’t involve the interferences due to other
biological matrices.

CONCLUSION

Enrichment factor (EF) is defined as the final concen-
tration of the analyte in the organic acceptor phase
before GC-MS procedure to its initial concentration in
the donar aqueous phase. Various parameters affecting
the extraction efficiency were investigated and it was
observed that under optimal extraction conditions very
high enrichment of the drug was achieved compared to
other methods as shown in Table 3. Thus, the method
is simple and found to exhibit high EF as compared to
static DDSME technique. It is believed that the present
method can be extended for the extraction and precon-
centration of the drug of interest from mixed drug and
also from more complex matrices. The method can also
be applied for the screening of the toxicological assays
in forensic samples and in cases of drug over dosage.
Work is in progress to apply such procedures to more
complex forensic sample matrices. Thus, the method has
emerged as an easily implementable micro level sample
cleanup and preconcentration technique. Although the
present method has a high accuracy and reproducibility
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but for large number of samples especially in forensic
laboratories, automation of the dynamic DDSME can
be performed using computer controlled auto samplers.
The advantages of automation would be improved
precision, increased sample throughput and unattended
operations which basically reduces the extraction time
and thus enhances the rapidity of the technique in clinical
laboratories. Sensitivity can be adjusted over a wide
range by changing the sampling period, sampling volume
or even number of samplings.
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