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Due to their anti-inflammatory and antioxidant properties, pentoxifylline and melatonin have been
considered by many authors as potential adjuvants in coronavirus disease infection. The present study
describes the development of a high performance liquid chromatography method with ultraviolet
detection for the simultaneous determination of pentoxifylline and melatonin in spiked plasma samples.
The chromatographic separation was performed isocratically at a temperature of 25°, using a LiChrosorb®
reverse phase-18 (125%4.0 mm, 5 pm) as stationary phase. The mobile phase consists of water and
acetonitrile in a ratio of 80:20 v/v. Under optimal chromatographic conditions, for both pentoxifylline and
melatonin, the number of theoretical plates was >2000, peak asymmetry was <1.3 and resolution factors
were >2. The relative standard deviations for pentoxifylline and melatonin for both intra-day and inter-
day not exceeded 4 % and recoveries were in the ranges 99.46 %-102.51 % for pentoxifylline and 96.02
%-102.85 % for melatonin.
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Coronavirus infection has radically changed
a person’s life worldwide. There are currently
several approved vaccines and many others are
in various stages of development and researchf!l,
Undoubtedly, vaccines will play an important
role in disease control. However, it seems that
the world is far from dealing with this problem.
It takes time and the virus continues to spread and
the consequences are serious-health, social and
economic.

An alternative that allows for rapid prevention
and treatment of the disease is the use of existing,
approved drugs. Applying such an approach can
help to suppress the symptoms of newly infected
people, limit their ability to transmit the virus, as
well as to prevent them from developing a severe
or even critical manifestation of the disease.

Many drugs have been described in the literature,

such as antioxidants*#, plants and herbal
medicines®¢,  traditional Chinese medicine
formulations!”? and antimicrobial peptides!®,

which would have a beneficial effect on the course
of the disease. These include the long-known and
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well-studied Pentoxifylline (PTX) and Melatonin
(MLT). PTX (chemically known as 3,7-dimethyl-
1-(5-oxohexyl)-2,3,6,7-tetrahydro-1H-purine-2,6-
dione), is a xanthine derivative with favorable
anti-inflammatory effects and immunoregulatory
properties and MLT (N-[2-(5-methoxy-1H-indol-
3-yl)ethyl]acetamide) is an indole derivative
that regulates circadian rhythms, has pronounced
antioxidant properties and interacts with the
immune system. Given the properties of both
drugs, as well as the clinical picture of Coronavirus
Disease-19 (COVID-19), many authors consider
PTXI0-171 and MLTI®23] as potential adjuvant
therapy drugs.

There are also clinical studies on the effect of
MLT?% and PTX in combination with antioxidants
(including MLT)?” in patients with COVID-19.
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is extremely important, both in terms of quality
control and in terms of drug monitoring. Different
methods for PTX and MLT determination
were reported. For example, PTX and MLT

were determined in biological samples by
High Performance Liquid Chromatography
(HPLC)®#31 Liquid  Chromatography—Mass

Spectrometry (LC-MS)B%331 and electrochemical
methodsP**71. For analysis of both drugs in
pharmaceutical formulations HPLCP3#! Thin-
Layer Chromatography (TLC)M2#1  spectrall#447]
and electrochemical®*363748) methods were used.

The beneficial properties of both drugs and the
promising outcomes of a clinical trial®”, provoked
our interest in developing an HPLC method
for the simultaneous determination of PTX and
MLT in spiked plasma samples. Moreover, there
is no published method for the simultaneous
determination of both drugs (to the best of our
knowledge).

MATERIALS AND METHODS

Chemicals and reagents:

The analytical standards of PTX, MLT and caffeine
used as Internal Standard (IS) were purchased from
Sigma-Aldrich. Control human plasma used to
prepare standard calibration curves was provided by
Sigma-Aldrich (catalog number P9523). Acetonitrile
of HPLC quality used to prepare the mobile
phase was purchased from Honeywell (Riedel-de
Haen). Perchloric acid needed for plasma protein
precipitation was also of HPLC grade.

Instrumentation and chromatographic conditions:

HPLC-diode array detection Thermo Scientific™-
Dionex™ system UltiMate™ 3000 equipped with
a pump module, auto sampler module, column
thermostat and a diode array detector was used.
Chromeleon™ software was used for data acquisition.

The chromatographic separation was performed
in isocratic mode at a temperature of 25°, using
a LiChrosorb® RP-18 (125%x4.0 mm, 5 pm)
chromatographic column, equiped with a guard
column. The mobile phase consisting of water and
acetonitrile, in a ratio of 80:20 v/v, was filtered
through a 0.45 um membrane filter and sonicated for
10 min. The flow rate was set at 1.0 ml/min and the
injection volume was 20 pl. The elute was monitored
at 274 nm.
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Preparation of PTX and MLT stock solution:

A mixed stock solution of PTX and MLT was
prepared by dissolving appropriate amounts of the
two substances in mobile phase water:acetonitrile
(80:20 v/v) to obtain final drug concentrations of 480
pg/ml and 60 pg/ml, respectively for PTX and MLT.

Preparation of PTX and MLT working standard
solutions:

Working standards were prepared by making suitable
dilutions from stock solution with the same solvent.
The obtained final working standard concentrations
were 80, 160, 240, 320, 400, 480 pg/ml for PTX and
10, 20, 30, 40, 50, 60 pg/ml for MLT.

Preparation of the IS solution:

The stock solution of the IS (caffeine) was prepared
by dissolving 24 mg of the substance in the mobile
phase and the obtained concentration was 240 pg/
ml. Further dilution of the stock solution with the
same solvent was performed to obtain a working
solution at a concentration of 2.4 pg/ml used for the
construction of the plasma calibration curve.

Preparation of spiked plasma samples:

PTX and MLT spiked blank plasma samples were
used to prepare standard calibration curves. Sample
preparation was performed as described elsewhere!*!
with slight modification. A set of six standard curve
solutions was prepared by spiking 100 pl of the
working standard solutions to 900 pl blank plasma
reaching plasma concentrations of 8-48 pg/mland 1-6
ug/ml, respectively for PTX and MLT. Samples were
vortex mixed for 1 min and 250 pl of each standard
were added to 250 pl of the working IS solution (2.4
ug/ml). Plasma protein precipitation was performed
by adding 100 pl of 20 % perchloric acid to the final
plasma aliquot of 600 pl. Then samples were vortex
mixed for 1 min and centrifuged for 5 min at 13
000 rpm. The supernatant was separated and 20 pl
were injected for analysis into the HPLC system. To
confirm the absence of additional effects of plasma
components on PTX, MLT and IS retention times,
blank plasma samples were prepared by replacing
the IS working solution with the mobile phase.

RESULTS AND DISCUSSION

Chromatographic conditions were selected after
several experiments with different columns (C, and
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C,,) and mobile phases. Mobile phases consisting
of acetonitrile:water, methanol:water, as well as
combinations of acetonitrile:methanol:water in
different ratios was tested. Acetonitrile:water (20:80
v/v) was chosen as the optimal mobile phase, which
is easy to prepare and with a minimum content of
organic solvent. Increasing the amount of organic
phase led to a shortening of the retention time of the
IS and to the impossibility of separating it from the
components of the matrix. On the other hand, the
mobile phase methanol:water gave wider peaks. The
combination of acetonitrile:methanol:water resulted
in unacceptably short retention times and poor
separation of MLT from PTX.

In addition to caffeine, theophylline and theobromine
were tested as ISs. In any case, their retention times
were shorter than those of caffeine and their peaks
overlapped with the plasma components. For this
reason, they dropped out of further research.

The effect of temperature in the range of 25°-35°
was studied and no significant effect on the retention
time of the analyzed components was observed.
However, to achieve reproducible retention times,
studies were performed at a fixed temperature (25°)
both on the auto sampler and column compartment.

Various wavelengths were tried to analyze the
drugs simultaneously for considerable sensitivity
of the method based on the obtained spectra of the
substances (fig. 1 and fig. 2). Although MLT has a
pronounced absorption maximum at about 222 nm
the absorbance was measured at 274 nm to minimize
nonselective absorption at such lower wavelengths.

Thus, the best results in terms of separation, peak
shape and run time were achieved with LiChrosorb®
RP-18 (125%x4.0 mm, 5 pm) chromatographic column
and mobile phase water:acetonitrile (80:20 v/v) at a

flow rate of 1.0 ml/min; at 25° and wavelength of
274 nm. The achieved retention times were 2.69 min
for caffeine (IS), 5.34 min for PTX and 11.08 min
for MLT.

The retention time of PTX was shorter in comparison
to those, reported in some previously published
papers, applying C , columns and mobile phases
containing water:acetonitrile:dioxane!?®, and
methanol:acetonitrile:phosphate buffer®”). On the
other hand, the reached retention time of MLT
was longer and shorter respectively than reported
in methods®®*3!!, which used phosphate buffer and
acetonitrile in similar proportions, as a mobile
phase. However, the above examples relate to the
determination of a single component and not to the
simultaneous determination of PTX and MLT.

The developed chromatographic method was
validated according to international conference on
harmonisation guidelines®” in terms of selectivity,
linearity, accuracy, precision and limits of
determination and quantification.

The proposed method was confirmed for its
selectivity by good separation of the IS and both
studied drugs. Selectivity was also examined by
comparing chromatograms obtained after analyzing
drug-free blank plasma samples and spiked with
caffeine (IS), PTX and MLT plasma samples. As can
be seen in fig. 3 and fig. 4 there are no interferences
from plasma components on the retention times of the
studied compounds. All drugs were well separated
and under optimal chromatographic conditions, for
both PTX and MLT, the number of theoretical plates
was >2000, peak asymmetry was <1.4 and resolution
factors were >2. The detailed results of the system
suitability parameters are given in Table 1.

Linearity was estimated by the ability of method to
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Fig. 1: UV spectra for PTX
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Fig. 2: UV spectra for MLT
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Fig. 4: Typical chromatogram of spiked plasma sample, (1): Caffeine; (2): PTX and (3): MLT

TABLE 1: SYSTEM SUITABILITY PARAMETERS

60

[

0.0

120 1

0

Parameter Acceptance criteria PTX MLT
Retention time (min) - 5.34 11.08
Ph. Eur. Theoretical plates NLT 2000 2543 2604
Ph. Eur. Asymmetry NMT 2.0 1.32 1.27
Ph. Eur. Resolution NLT 2.0 6.06 5.42

Note: Ph. Eur.: European Pharmacopoeia; NLT: Not Less Than and NMT: Not More Than
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give proportional to the concentration results for
both analytes. Six calibration standards were used
in the linearity studies. Concentrations for PTX and
MLT were 8-48 pug/ml and 1-6 pg/ml, respectively.
Each standard solution was injected three times and
the mean results for peak area ratios of PTX to IS
and MLT to IS were plotted against the concentration
of PTX or MLT to obtain the calibration graph (fig.
5 and fig. 6). Proportional responses were observed
over the tested concentration ranges with correlation
coefficients greater than 0.999. The results from
linearity study about parameters like correlation
coefficients (R?), slopes and intercepts are listed in
Table 2.

Accuracy tests of the method aim to show the
proximity of the true value and found value. Three
concentration levels with known added amount
of analytes were evaluated and the percentage
recoveries  were calculated. The  selected
concentration levels were 12:1.5, 28:3.5 and 44:5.5
pg/ml for PTX and MLT, respectively. After a five
time’s injection of each spiked plasma sample, the
results showed recoveries in the range from 96 % to
103 %. The data is arranged in Table 3 and Table 4.
The Relative Standard Deviation (RSD) for PTX and
MLT for both intra-day and inter-day not exceeded 4
% and recoveries were in the ranges 99.46 %-102.51
% for PTX and 96.02 %-102.85 % for MLT.

Precision of the analytical method is established by
series of measurements of the same homogeneous
sample in the same conditions. Therefore, the closer

the values of the results obtained, the more precise the
method. Precision validation tests were developed by
conducting six consecutive assays of the test sample
containing PTX and MLT with concentrations 28
and 3.5 pg/ml, respectively. The RSD percentage of
the assay was calculated and inter-day precision was
evaluated by analyzing the six replicate of sample
solution on a different day and by a different analyst.
Results are united in Table 5.

Determining the two parameters Limit of Detection
(LOD) and Limit of Quantification (LOQ) is a very
important part of the method validation procedure.
LOD gives the smallest measurable sample
concentration and LOQ gives the smallest quantified
sample concentration. Determining of these two
parameters was based on signal to noise ratio of 3:1
and 10:1, respectively. The performed experiments
showed LOD concentrations of 0.2 and 0.6 pg/ml
and LOQ concentrations of 8.0 and 1.0 pg/ml for
PTX and MLT, respectively.

A simple and precise isocratic HPLC method was
developed for simultaneous determination of PTX
and MLT in spiked plasma samples. Application
of common equipment, simple mobile phase
and relatively short run time can be assumed as
advantages of the method. However, results cannot
be compared, since there are no reported methods
(according to the author’s knowledge) dealing with
the simultaneous determination of both drugs in
biological samples.
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Fig. 5: Linearity plot for PTX
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Fig. 6: Linearity plot for MLT
TABLE 2: LINEARITY DATA FOR PTX AND MLT

Parameter PTX MLT
Concentration range (pg/ml) 8-48 1-6
Slope 0.3021 0.1385
Intercept 0.0172 -0.0177
Correlation coefficient 0.9993 0.9996

TABLE 3: ACCURACY RESULTS FOR PTX (n=5)

Intra-day Inter-day
Concentration
(bg/ml) Mear:l)(”g/ SD (ug/ml)  RSD (%) Rec(f,z’)ery Mean:‘l)(”g/ SD (ug/ml)  RSD (%) Rec(f,z’)ery
12 12.17 0.29 2.37 101.42 11.99 0.05 0.41 99.93
28 27.85 0.35 1.24 99.46 27.98 0.13 0.45 99.94
44 45.10 0.50 1.12 102.51 44.81 0.91 2.04 101.85
Note: SD: Standard Deviation; RSD: Relative Standard Deviation
TABLE 4: ACCURACY RESULTS FOR MLT (n=5)

Intra-day Inter-day
Concentration
(Hg/ml) Mear:l)(“g/ SD (ug/ml)  RSD (%) Rec&")ery Mear':l)(“g’ SD (ug/ml)  RSD (%) Rec(f,z’)e'y
1.5 1.54 0.03 2.13 102.85 1.44 0.05 3.55 96.02
3.5 3.49 0.03 0.93 99.69 3.48 0.09 2.6 99.45
5.5 5.51 0.10 1.73 100.23 5.47 0.1 1.91 99.5

Note: SD: Standard Deviation; RSD: Relative Standard Deviation
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TABLE 5: PRECISION RESULTS FOR PTX AND MLT (n=6)
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PTX MLT

Sample No Drug taken (ug/ Drug found (ug/ Recovery (%) Drug taken (ug/ Drug found (pg/ Recovery (%)

ml) ml) ml) ml)
1 28.0 27.99 99.96 3.50 3.57 102
2 28.0 28.08 100.29 3.50 3.48 99.43
3 28.0 28.18 100.64 3.50 3.49 99.71
4 28.0 27.92 99.71 3.50 3.58 102.29
5 28.0 28.05 100.18 3.50 3.53 100.86
6 28.0 27.89 99.61 3.50 3.50 100.00
Mean 28.02 100.07 3.53 100.71
SD 0.11 0.38 0.04 1.21
RSD (%) 0.38 0.38 1.20 1.20

Note: SD: Standard Deviation; RSD: Relative Standard Deviation
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