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This study aimed to develop and validate a high performance liquid chromatography with
ultraviolet method for simultaneous quantification of sulfamethoxazole and trimethoprim in
rat plasma after parenteral administration of nanoparticles coated with chitosan, supporting
preclinical pharmacokinetic studies for toxoplasmosis treatment. The method used a C18 column at
30°, mobile phase (triethylamine, acetonitrile, water; 1:20:79, pH 5.9), flow rate of 1.0 ml/min, and
detection at 268 nm (sulfamethoxazole) and 240 nm (trimethoprim). The validation was assessed
by selectivity, linearity, precision, accuracy, and stability. Results showed symmetrical peaks with
retention times of approximately 3.0 min (caffeine, internal standard), 4.0 min (trimethoprim),
and 7.9 min (sulfamethoxazole), confirming no matrix interference and selectivity of the method.
Linearity was achieved for sulfamethoxazole (0.5-50 pg/ml) and trimethoprim (0.1-10 pg/ml),
with r2>0.97. Precision and accuracy were validated via relative standard deviation (RSD<15
%) and recovery was within the range of 95 to 103 % for both drugs. Stability was confirmed
under controlled storage (CV<15 %), ensuring drug integrity. The validated method was applied
to simultaneous determination of sulfamethoxazole and trimethoprim released by nanoparticles
coated with chitosan in plasma of rats after parenteral administration. It supports preclinical
studies for this innovative toxoplasmosis formulation.
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The development of novel drug delivery systems has
become a critical area in pharmaceutical science,
particularly in enhancing therapeutic efficacy and
reducing the side effects of existing medications!!!.
Among these systems, poly (e-caprolactone)
Nanoparticles Coated with Chitosan (NPsCS)
have gained significant attention due to their
biocompatibility, biodegradability, and ability to
improve drug bioavailability?. Sulfamethoxazole
(SMX) and Trimethoprim (TMP) (fig. 1) are
commonly used anti Toxoplasma gondii drugs that
are administered together to treat toxoplasmosis.
However, their bioavailability and pharmacokinetics
can be limited by factors such as poor solubility and
rapid metabolism?.
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The use of NPsCS as carriers for SMX and TMP offers
a promising approach to overcome these limitations.
By encapsulating these drugs within NPsCS, it is
possible to achieve controlled release, improve
solubility, and enhance therapeutic outcomes.
However, the development of such systems requires
robust analytical methods to monitor drug release
and pharmacokinetics.

Several studies have successfully developed and
validated High Performance Liquid Chromatography
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with Ultraviolet Detection (HPLC-UV) methods for
the simultaneous determination of SMX and TMP
in plasma. For instance, Sayar et al® developed a
method using a reversed-phase column with UV
detection at 254 nm, demonstrating high sensitivity
and specificity for both drugs in human plasma.
Similarly, another study by El Sharkasy et all®
optimized an HPLC-UV method that utilized a
mobile phase consisting of methanol and phosphate
buffer, achieving reliable quantification of SMX
and TMP in biological samples. More recently,
a study by Singh et al!7 validated an HPLC-UV
method that employed a gradient elution system,
ensuring precise and accurate measurement of these
antibiotics in plasma. These examples highlight the
effectiveness of HPLC-UV techniques in monitoring
SMX and TMP levels in clinical settings. However,
to our knowledge, the existing HPLC-UV methods
for quantifying SMX and TMP have not been
specifically applied to the analysis of these drugs
when incorporated into NPsCS. Therefore, there is a
need to develop and validate a method tailored to this
unique formulation.

This study aims to develop and validate a HPLC-
UV method for the simultaneous determination of
SMX and TMP released from NPsCS in plasma,
allowing for the reliable quantification of both
drugs in plasma. This is crucial for understanding
the pharmacokinetic profiles of SMX and TMP
when administered via NPsCS, which can inform
the design of a new therapeutic alternative for the
treatment of toxoplasmosis.

HPLC-Waters Alliance, model 2695, UV-visible
detector (waters Alliance, model 2489), and Empower
2 chromatography data Software (waters corporation)
were used (Massachusetts, United States of America
(USA)). AC18 column (150 mmx4.6 mm [.D., 10 pm
particle size) (SupelcosilTM, Sigma-Aldrich, United
States of America (USA)) was used for separation
of SMT and TMP from other compounds in plasma.
Column temperature was 30°. The mobile phase
consisted of HPLC-grade acetonitrile, triethylamine
(J.T. Baker, Phillipsburg, NJ, USA), purified water
(1:20:79) (Milli-Q® system from Millipore, Billerica,
MA, USA) pH 5.9£0.1. Flow rate was 1.0 ml/min.
Total analysis time was 10 min. The injected volume
was 50 pl. UV detection was performed at 268 and
240 nm for SMX and TMP, respectively.

SMX, TMP, caffeine, used as an Internal Standard
(IS), standard stock solutions (1 mg/ml) were
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individually prepared by dissolving accurately
weight approximately 10 mg of each analyte in 10 ml
of acetone (Sigma-Aldrich, MO, USA). The standard
stock solutions of drugs were diluted in acetone to
achieve the working concentrations required for the
experimentation. IS working solution (10 pg/ml)
was prepared by diluting the stock standard solution
in acetone. All solutions were stored at 4° and
equilibrated to room temperature prior to use. The
calibration standard solutions and Quality Control
(QC) samples were prepared by spiking (5 % of
the total plasma volume) with working solutions.
Calibration samples were prepared at concentration
of 0.5, 5.0, 10.0, 20.0, 40.0, and 50.0 pg/ml for
SMX and 0.1, 2.0, 4.0, 6.0, 8.0, and 10.0 pg/ml for
TMP. Quality control samples were prepared at 0.5
and 0.1 pg/ml Low Quality Control (LQC), 20.0
and 4.0 pg/ml Medium Quality Control (MQC),
and 50.0 and 10.0 pg/ml High Quality Control
(HQC) for SMZ and TMP, respectively. Biological
samples were homogenized by vortexing (1000 rpm,
5 min), centrifuged (14 000x%g, 15 min, 10°), and
the supernatant collected, dried under vacuum in
a desiccator for 2 h. The supernatant (380 pl) was
reconstituted with the mobile phase and mixed with
20 pl of IS at 10 pg/ml. The reconstituted samples
were vortexed (1000 rpm, 5 min), filtered through
a 0.45 ym membrane, and analysed by injecting 50
ul into the HPLC-UV system using the validated
method.

Method validation was conducted in accordance with
the bioanalytical method validation- guidance for
Industry®, with evaluation of selectivity, linearity,
precision and accuracy, and stability.

Selectivity was performed using 6 different sources
of blank plasma samples comprising of four normal,
one haemolysed, and one lipemic. They were
analysed and their response was assessed at the
retention time and Normalized Matrix Factor (NMF)
of analytes and IS. In addition, the interference of
endogenous compounds was assessed by analysing
the normal plasma spiked with 8 samples of SMX
and TMP at LQC levels.

Peak areas of SMX and TMP at concentrations of
1.0, 3.0, 31.0, 56.0, 62.0, and 70.0 pg/ml and 1.0,
3.0, 9.0; 15.0; 18.0, and 21.0 pg/ml, respectively,
and IS at 10.0 pg/ml spiked into blank plasma were
measured. The ratio of peak areas for each analyte
to IS was used to plot the calibration curves and for
the linear regression analysis. The lowest standard
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on the calibration curve was accepted as the Lower
Limit of Quantitation (LLOQ) if the analyte response
was at least five times higher than that of drug-free
(blank) extracted plasma. Additionally, for standards
other than the LLOQ, the deviation from the nominal
concentration should not exceed 15.0 %, ensuring
the precision and reliability of the calibration curve
across the analytical range.

Intra-day accuracy and precision were assessed by
analysing QC samples at LQC, MQC, and HQC
spiked into plasma in sextuplicate on the same day.
Inter-day variabilities were assessed by determining
three precision and accuracy batches on three
consecutive days. Accuracy and precision were
expressed as Relative Error (RE) and Coefficient of
Variation (CV), respectively, which should not be
more than 15 %.

The recovery was assessed by comparing the mean
peak area response of extracted samples (spiked
before extraction) to that of unextracted samples
(spiked after extraction) at LQC, MQC, and HQC
levels in six replicates. Data were expressed as
percentage of recovery (% RE).

The stability of LQC and HQC of each drug, spiked
into plasma in sextuplicate, was evaluated in the
following conditions: bench top stability (at room
temperature for 6 h), autosampler stability (process
stability at room temperature), freeze (at -80°) thaw
(at room temperature) stability at five cycles, and
long-term stability (at -80°) for 15 d. The room
temperature was approximately 25°. To meet the
acceptance criteria, the analytes were considered
stable if the CV of each drug concentration was less
than 15 % of the initial nominal response.

TMP-SMX-loaded poly (e-caprolactone) (PCL,
MW ~80 000-90 000 g/mol, Sigma-Aldrich, USA)
nanoparticles (TMP-SMX-NPs) were prepared
using the emulsification and solvent evaporation
techniques. Briefly, the organic phase was prepared
by mixing 50 mg of PCL, 3.5 mg of TMP, and 17.5
mg of SMX in 8 ml of a mixture of chloroform and
ethylic ether (1:1) (Synth, Brazil) under magnetic
agitation for 10 min. The organic phase was then
dropped to the aqueous phase (6 ml) containing
1 % (w/v) Tween 80 (Sigma-Aldrich, USA). The
resulting NPs were magnetically stirred for 22 h at
room temperature to ensure complete evaporation
of the organic solvent. The TMP-SMX-NPs were
collected by ultracentrifugation (14 000 g, 30 min,
8°) (Tecnal, Sao Paulo, Brazil) and reconstituted in
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2 ml of 0.5 mg/ml of Chitosan (CS, MW MW ~1
250 000, 50-190 kDa; degree of acetylation: 75 %-85
%, Sigma-Aldrich, USA) in a 3 % (v/v) acetic acid
solution (pH 2.35) under magnetic stirring at 16 000
g for 30 min to obtain CS-coated TMP-SMX-NPs
(TMP-SMX-NPsCS).

Wistar rats (Rattus novergicus) at 6-8 w of age
weighing 120-180 g from the Animal Science
Center (CCA) at Federal University of Ouro Preto
(UFOP) were housed individually in the Laboratory
for Animal Experimentation at UFOP’s Research
Centre in Biological Sciences (NUPEB). Animals
were provided with food and water ad libitum, with
12 h of light/dark cycles at room temperature. The
experimental protocol (Number 572916022) was
approved by the Ethics Committee at UFOP.

Animals were anesthetized via intraperitoneal
injection of ketamine (100 mg/kg) and xylazine
(3 mg/kg). To prevent coagulation, heparin (25
000 IU/kg in 0.9 % saline) was also administered
intraperitoneally. Aseptic surgical catheterization
of the femoral artery was performed. Animals (n=8)
received a single bolus of TMP-SMX-NPsCS. Blood
samples (0.2 ml) were collected at 0.5, 1, 2, 4, and
8 h post-administration via the femoral catheter
into pre-chilled Ethylenediaminetetraacetic Acid
(EDTA) tubes. Plasma was immediately separated by
centrifugation and stored at -80° until analysis. SMX
and TMP released from NPsCS were quantified using
the validated HPLC-UV method.

In this study, a HPLC-UV method was developed
and validated to simultaneous determine SMX and
TMP released from NPsCS in plasma after parenteral
administration to supports preclinical studies for this
innovative toxoplasmosis formulation. To develop
this method, two segments of bioanalysis were
optimized: (1) chromatographic parameters, and (2)
sample extraction.

The development of the chromatographic method
began with a review of existing literature on SMX
and TMP quantification in biological matrices for
pharmacokinetic studies, including methodologies
for human and veterinary samples[9,10]. Initial
chromatographic conditions tested a mobile phase
composed of triethylamine, acetonitrile, and water
(0.1:20:80, pH 5.9), a flow rate of 1.3 ml/min, and
a C18 column. However, these conditions proved
inadequate due to asymmetric chromatographic
peaks and tailing effects for IS, SMX and TMP,
alongside excessive analysis times (>15 min), likely
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caused by prolonged retention of the hydrophobic
analytes despite increased flow rates.

Based on these findings, the mobile phase was
optimized to triethylamine, acetonitrile, and water
(1:20:79, pH 5.9), with a reduced flow rate of 1.0
ml/min, and retention on the same C18 column. The
increased proportion of triethylamine in the mobile
phase enhanced its interaction with the acidic, free
silanol groups on the stationary phase. Consequently,
SMX and TMP, both basic drugs, exhibited reduced
interaction with the stationary phase, leading to
shorter retention times and a total chromatographic
runtime compared to initial attempts. Additionally,
the interaction between triethylamine and silanol
groups minimized tailing effects in the SMX and TMP
chromatographic peaks, a common issue in analyses
of basic analytes!!!l. The pH 5.9 of the mobile phase
created a weakly acidic environment that minimized
extensive ionization of SMX (pKa=6.16) and TMP
(pKa = 7.120M"21 Since both analytes were partially
ionized under these conditions, they interacted with
the CI18 stationary phase, enabling retention. The
lower ionization of SMX (due to its lower pKa)
compared to TMP resulted in shorter retention times
(7.994 min for SMX vs. 3.972 min for TMP), as
the non-ionized fraction of SMX exhibited stronger
hydrophobic interactions with the column. This
pH-dependent retention behaviour aligns with
chromatographic principles, where analyte ionization
state directly influences elution order and retention
times!'?" Finally, to refine separation efficiency and
improve resolution between the chromatographic
peaks of the analytes, the mobile phase flow rate was
reduced from 1.3 ml/min to 1.0 ml/min. Therefore,
these modifications in the chromatographic conditions
yielded symmetrical peaks with no tailing and a total
analysis time of 10 min, resolving issues of peak
shape and analytical efficiency while maintaining
chromatographic resolution.

The protein precipitation technique proved to be
an effective method for extracting plasma samples.
This approach resulted in clear samples, efficiently
eliminated plasma interferents, and enabled the
recovery of SMX and TMP at LQC levels without
interference from plasma components, as evidenced
by the method's selectivity. Consistent with our
findings, previous studies by Mistri ez al.”! and Bedor
et al." have also shown that protein precipitation
from human plasma ensures consistent quantitation
of SMX and TMP with minimal interference from
plasma components.
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Fig. 2 illustrated the chromatogram of blank plasma
(fig. 2A) and the IS, SMX, and TMP at LQC levels in
plasma samples (fig. 2B). The chromatographic peaks
of the analytes were fully resolved from one another
and from plasma interferents, confirming absence of
peak overlapping and demonstrating the selectivity
of the HPLC method, the effectiveness of the protein
precipitation technique to prepare the samples, and
finally, no matrix effect. The retention times for
IS, TMP, and SMX were determined to be 2.993,
3.972, and 7.994 min, respectively. The precision,
expressed as the CV, for eight replicate samples
of SMX and TMP at LQC levels spiked in plasma
was found to be 6.95 % and 13.71 %, respectively.
These values are below the acceptable limit of 15 %
as per the validation guidelines®®, thereby validating
the method's ability to selectively distinguish the
analytes from endogenous substances.

The linearity of the method was demonstrated over
the concentration range of 0.5 to 50 pg/ml for
SMX and 0.1 to 10 pg/ml for TMP. Least squares
regression analysis was used to calculate the
linear equation, where y represented the peak area
ratio of the analyte to the IS and x represented the
concentration of the analyte. The resulting equations
were y=0.0575x+0.102 for SMX, with a coefficient
of determination (r?)>0.9759, and y=0.0625x+0.0368
for TMP, with a r>>0.9738. The precision of the
calibration standards ranged of 0.79 to 8.91 % for
SMX and 1.63 to 12.63 % for TMP.

The intra-day and inter-day precision and accuracy
for LQC, MQC, and HQC levels of SMX and
TMP spiked in plasma samples were evaluated and
presented in Table 1. Precision was expressed as the
CV, while accuracy was reported as the RE. These
values were lower than 15 %, as recommended by
validation guidelines[80], showing the precision and
accuracy of the HPLC-UV method. Additionally,
the recovery of SMX and TMP was determined and
expressed as %RE, which was also detailed in Table
1. The % RE were within the acceptance limit of 85
% to 105 %!, indicating the suitable recovery of the
HPLC-UV method.

The stability of SMX and TMP at LQC and HQC
quality control levels spiked into plasma was
evaluated under various conditions: bench-top
stability at room temperature (approximately 25°)
for 6 h, auto sampler stability at room temperature,
freeze-thaw stability over three cycles (-80° and
room temperature), and long-term stability at -80°
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for 15 d. The stability results, expressed as the CV of
the initial nominal response, were detailed in Table
2. Both SMX and TMP demonstrated stability across
these conditions, with CV values not exceeding 15 %,
thereby meeting the acceptance criteria for stability
validation(®..

SMX-TMP-NPsCS were administered to animals
via the femoral artery, and plasma samples were
collected at predetermined time points to quantify
drug release using the validated HPLC-UV method.
Fig. 3 illustrated the mean plasma concentration-time
profiles of SMX and TMP following administration
of the formulation, highlighting their distinct
pharmacokinetic behaviours. The development of
this specific, sensitive, and reliable method enabled
accurate quantification of both drugs in plasma,

HN

SMX

Fig. 1: Chemical structures of SMX and TMP

serving as a critical analytical tool to support further
pre-clinical studies of CS-coated NP formulations.

In conclusion, the developed HPLC-UV method
was validated, demonstrating selectivity, linearity,
precision, accuracy, and stability for the determination
of SMX and TMP in plasma. By meeting rigorous
bioanalytical validation criteria, this method ensured
reliable quantitation of both drugs in biological
matrices. Notably, the method was successfully
applied to assess the plasma concentrations of SMX
and TMP released from NPsCS following parenteral
administration in rats. This application highlighted
the method's utility in preclinical pharmacokinetic
studies and supports the optimization of SMX-TMP-
NPsCS as a novel formulation for toxoplasmosis
treatment.
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Fig. 2: (A): Chromatogram of drug-free plasma sample from rats; (B): Chromatogram of caffein (IS), SMX, and TMP spiked in
plasma samples. Chromatographic conditions: C18 column at 30°, mobile phase (triethylamine, acetonitrile, water; 1:20:79, pH
5.9), flow rate of 1.0 ml/min, and detection at 268 nm (SMX-black line) and 240 nm (TMP-blue line). The retention times of IS, TMP,
and SMX were 2.993, 3.972, and 7.994 min, respectively at LQC levels spiked in plasma samples
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TABLE 1: INTRA-DAY AND INTER-DAY PRECISION, EXPRESSED AS CV, AND ACCURACY, EXPRESSED

AS RE FOR SMX AND TMP AT LQC, MQC, AND HQC QUALITY CONTROL LEVELS SPIKED INTO HUMAN
PLASMA

SMX
Precision Accuracy
Levels Intra-day Inter-day Intra-day Inter-day % RE+SD
CV (%) RSD

LQC 9.39 4.59 0.83 3.83 95.36+6.79
mQC 2.33 3.07 5.51 0.22 101.33+7.01
HQC 1.67 3.64 2.46 1.43 102.28+3.93

TMP
LQC 9.16 10.76 1.29 3.95 92.73:4.18
MQC 2.67 4.51 5.83 0.41 99.82+5.19
HQC 2.49 8.26 2.66 11.67 99.29+3.17

Note: Recovery (% Re) represents the mean percentage of the measured concentration relative to the nominal concentration+SD

TABLE 2: STABILITY OF SMX AND TMP AT LQC AND HQC QUALITY CONTROL LEVELS SPIKED
INTO PLASMA EVALUATED UNDER THE FOLLOWING CONDITIONS: (1) BENCH-TOP STABILITY
AT ROOM TEMPERATURE (APPROXIMATELY 25°C) FOR 6 H; (2): AUTOSAMPLER STABILITY AT
ROOM TEMPERATURE; (3): FREEZE-THAW STABILITY OVER THREE CYCLES (-80° AND ROOM
TEMPERATURE); (4): LONG-TERM STABILITY AT -80° FOR 15D

SMX TMP
Stability conditions LQC HQC LQC HQC
CV (%) CV (%)
1 0.56 0.51 0.24 0.19
2 1.60 1.17 1.85 1.07
3 6.66 7.13 5.18 7.14
4 13.27 13.10 11.09 13.81

Note: The stability results were expressed as the coefficient of variation (CV %) of the initial nominal response

Concentration SMX (pg/mL)
Concentration TMP (pg/mL)

0 = N W A " O N ® W

0 2 4 6 8 10 0 2 4 6 8 10
Time (hours) Time (hours)

(A) (B)

Fig. 3: Plasma concentration-time profiles of SMX, (A): TMP and (B): Released by NPsCS following administration via the femoral
artery of animals
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