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Abstract

Background: According to the poison center data for most countries, more than thousands of
people’s exposure to aspirin or salicylate-containing products. So, this work aimed was to offer
a rapid colorimetric method for monitoring aspirin concentration in exhaled breath condensate
(EBC).

Methods: A method based on a redox reaction catalyzed by nanoparticles was validated for the
analysis of aspirin. 3,3 ,5,5 ~Tetramethyl benzidine /H,0, and sodium dodecyl sulfate modified
silver nanoparticles were used as the redox reagents and catalyst, respectively.

Results: Detection mechanism of aspirin using this system is based on the inhibitory effect of
aspirin on the signal intensity of the colorimetric systems. Since the decrement in signal intensity
was proportional to aspirin level, a colorimetric method was proposed for its quantification in
EBC samples. This method shows a linear relationship with aspirin concentration in the range
of 10-250 mg.L ™" with a relative standard deviation of < 3.5%.

Conclusion: This method has great potential for aspirin determination due to some features

such as high reliability, and fast response time.

Introduction

Aspirin is an analgesic, and antipyretic drug that has anti-
inflammatory effects by inhibiting the cyclooxygenase
and preventing the synthesis of prostaglandins. It also
inhibits the production of thromboxane A, in platelets
by inhibiting cyclooxygenase and preventing platelet
aggregation.! Aspirin is immediately absorbed from the
gastrointestinal tract in the forms of aspirin and salicylate,
and its maximum serum level typically achieved in 1 hour.
According to the poison center data for most countries,
more than thousands of people’s exposure to aspirin or
salicylate-containing products.”* Although the overall
death in aspirin/salicylate poisoning is not high, such
figures can be very deceptive as severe poisoning leads
to metabolic acidosis, convulsions, coma, renal failure,
hyperpyrexia, and pulmonary edema.’ Death happens in
5% of individuals who exposures such a severe poisoning
and is related to cardiac arrest or multiple complications
after severe brain damage® In severe poisoning with

aspirin/salicylate, delay in diagnosis leads to a 15%
mortality in comparison to a much lower rate in patients
in whom early diagnosis and initiation of treatment were
performed.’

Literature study shows that there were various
methods for the determination of aspirin such as UV
spectrophotometry,® HPTLC,"* GC,"' fluorimetry,"
voltammetry,” and HPLC-UV" individually and
in combined dosage form with other drugs. The
chromatographic methods have some drawbacks such
as time consuming, utilizing expensive and hazardous
solvents and needing a skilled operator and the normally
spectroscopic methods suffer from a lack of enough
sensitivity and selectivity. So, the proposition and validation
of a reliable technique for the determination of drug’ levels
in the biological samples have always attracted the attention
of clinicians. Besides two factors, selectivity and sensitivity,
should not be ignored in clinical applications. In the last
decades, growing attention has been attracted to the use of
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nanostructures for drugs determination.”” Nanostructures
with particular optical properties due to their size can have
significant advantages for biosensing '° and can be used as
a sensor, adsorbent, catalyst, substrate, etc."”

Selection of sample type for drug determination is
considered as an important issue in clinical studies.
Recently, exhaled breath condensate (EBC) was introduced
as a possible alternative sample type for drug monitoring
and pharmacokinetic/pharmacodynamics studies of
drugs.”® EBC is a low-protein and highly diluted aqueous
matrix containing volatile and non-volatile compounds
which reflects the biomarker and/or drug concentration in
the lungs and the blood.” EBC possesses a few numbers
of interfering compounds compared with other biological
fluids such as plasma, blood, urine, saliva and sputum.?
The published studies confirmed that biomarkers, drugs
or metabolites can be detected in EBC samples.”* In the
current work, to continue our research on drug analysis
in the exhaled breath condensate (EBC) samples as a
non-invasive biological fluid, sodium dodecyl sulfate
modified silver nanoparticles (SDS-capped Ag NPs) were
synthesized and used as an enzyme mimetic for a catalytic
reaction of 3,3 ,5,5 —tetramethyl benzidine (TMB) with
H,0,. The mentioned system was used as a colorimetric
probe for the determination of aspirin concentration in the
EBC samples. Optimization procedure was performed by
one-at-a-time method and after validation of the method,
it was used for aspirin analysis in the real samples.

Materials and Methods

Reagents and solutions

The deionized water (Shahid Ghazi Pharmaceutical Co.,
Iran), silver nitrate (AgNO,, Merck, Germany), sodium
borohydride (NaBH,, Sigma Aldrich, USA), SDS (Carlo
erba Reactifs, Italy), TMB (Merck, Germany), hydrogen
peroxide (H,0,, Merck, Germany), and sodium dihydrogen
phosphate (NaH,PO,, Scharlau, Spain) were applied in
the current work. Aspirin was obtained from Temad
Pharmaceutical Co. Tehran, Iran. A 1000 mg.L™" aspirin
solution was prepared freshly every day by dissolving a
defined amount in methanol.

Apparatus
For measuring the absorbance of the solutions, a double-
beam UV-Vis spectrophotometer model UV-1800

(Shimadzu, Japan, www.shimadzu.com) with 1.0 cm
quartz cells was employed. A digital pH-meter model 744
(Metrohm Ltd., Switzerland, www.metrohm.com) and
an electronic analytical balance model AB204-S (Mettler
Toledo, Switzerland, www.mt.com) were used in this
work. To investigate the properties of the nanoparticles,
a transmission electron microscopy (TEM) model CM30
(Philips, The Netherlands), field emission scanning electron
microscope (SEM) model MIRA 3 (TESCAN, Czech
Republic) and energy dispersive X-ray (EDX) analyzer
connected to the same FE-SEM device were employed.
Powder X-ray diffraction (XRD) measurement was used

to crystallinity of the SDS-modified NPs in the scanning
angle (20) range of 5-70° by using a D500 (Brucker AXS,
Germany) device. FT-IR spectra were recorded with a
Bruker-Tensor 270 spectrometer (Bruker, Germany) in the
wavelength range of 4000 - 400 cm™.

Preparation of SDS-capped Ag NPs

SDS-capped Ag NPs were prepared by following a chemical
reduction method given in the literature.** After stirring
50 mL deionized water composed of 0.0038 g NaBH, and
0.0085 g SDS for 30 min at room temperature, 0.0017 g
AgNO, was dissolved in 50 mL deionized water and added
droply into the prepared solution. The resulting mixture
was stirred for 1 h in a dark place at room temperature. The
as-prepared NPs were kept in a dark place at 4 °C.

Sample preparation

EBC samples employed for the current study were collected
by a lab-made system.”® EBC samples for the optimization
and validation of the proposed method were obtained
from a healthy volunteer. EBC samples were directly used
without any preparation step. EBC samples employed in the
real sample analysis were obtained from six patients taking
aspirin treatment. Sample donors signed a consent form
approved by the ethics committee of Tabriz University of
Medical Sciences (IR.TBZMED.VCR.REC.1399.322).

General procedure

Aspirin analysis was performed in a 2 mL micro-tube by
a batch method. Briefly, 20 pL of 0.1 mol.L™! phosphate
buffer (pH 5.0), and 20 puL of 3.0 mmol.L! TMB, and 20
uL of H,O, (7.5% v/v) were added into 0.25 mL of EBC
spiked with a proper amount of standard aspirin solution
in the range of 10.0 to 250.0 mg.L". Then, 12.5 uL Ag NPs
were added to the mentioned mixture and its volume was
adjusted to 0.5 mL with deionized water and the signal
intensity was read at A= 680 nm as an analytical signal.

Results and Discussion

Characterization of SDS-capped Ag NPs

The size and shape of the NPs were confirmed by TEM and
SEM analysis. Figures la and b present that NPs have a
spherical morphology with a mean dimension of <20 nm.
XRD pattern was measured to identify the crystallinity of
the modified Ag NPs. The XRD analysis (Figure 1c) shows
three characteristic peaks at 38.3°, 44.5° and 64.8° related to
(111), (200) and (220) planes, respectively. By comparing
JCPDS (file no: 89-3722), the typical pattern of as-prepared
NPs was an FCC structure.”

For a surface study of the as-prepared NPs, FT-IR was
measured and shown in Figure 1d. The peaks at 2922 and
2852 cm were related to the C-H bonds of SDS and the
peaks at 989-1075 cm™ and 824 cm™ were subscribed to
symmetric and antisymmetric stretching bonds of the SO,
part of SDS and the bending vibration of the S-O-C part
of SDS showing that Ag NPs has been well functionalized
with SDS.#” Furthermore, the preparation of the modified
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Figure 1. (a) TEM image, (b) SEM image (c) XRD patterns; (d) FT-IR spectrum; and (e) EDX of the SDS- capped Ag NPs.

NPs was also confirmed by EDX analysis. The distribution
of silver, sodium, oxygen, sulfur and carbon elements was
clearly observed in Figure le.

Detection mechanism discussion

TMB itself shows no absorbance or special color in the
visible region; however, in the presence of peroxidase or
peroxidase mimetic materials, TMB can react with H,O,
to produce a colored product. The employed peroxidase
mimetic material in the current study was SDS-capped
Ag NPs. An efficient peroxidase mimetic degrades H,O,

to OH radicals which can induce the conversion of non-
colored TMB to blue-colored oxidized TMB. Figure 2
shows absorbance spectra under different conditions.

The Ag NPs catalyzed TMB- H,O, system was used for
the determination of aspirin in EBC samples. We suggested
that aspirin with a standard electrode potential (E’) of -0.5
V involve in competition with TMB (E'=0.741 V) to react
with H,O, (E’=1.763 V). As aspirin has a low oxidation
potential compared to TMB, it oxidized firstly and can
inhibit TMB oxidation in proportional to its concentration
(Figure 3). This inhibition was observed as a decrease in the
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Figure 2. The absorbance spectra of (a) TMB (b) SDS capped Ag
NPs (c) H,0, (d) TMB-H,0, and (e) TMB-H,O, in the presence of
SDS capped Ag NPs.

response signal. As a decrease in signal was proportional to
analyte concentration; it can be developed as a new method
for aspirin determination in the biological samples.

The important point was that aspirin was a very unstable
compound and hydrolysis to salicylic acid in water. In order
to investigate the effect of salicylic acid on the system’s
response, we compared the response for 50 mg.L" aspirin,
50 mg.L ! salicylic acid and a mixture of 25 mg.L" aspirin
and 25 mg.L! salicylic acid. As can be seen in Figure 4 all of
them show a similar response indicating that our method
can be determined the whole concentration of aspirin and
its degradation product.

Optimization of reaction conditions

For achieving the maximum response in the determination
of aspirin, the impact of important parameters such as pH,
reagent concentrations and reaction time were studied.

NaBH,

Herein, the analytical response was the difference between
the absorbance of the mixture in the presence and absence
of aspirin. 50 mg.L" of aspirin was selected for optimization
investigations.

Each reported data was the mean of three replicated
data. At first, the effect of pH on aspirin determination was
investigated. It was studied in the range of 3.0 - 10.0 and
the results (Figure 5a) show the maximum response was
obtained in the acidic media (pH = 5.0). It can be related
to the fact that the oxidation of TMB was mediated under
acidic conditions as was confirmed in the literature.® The
effect of the concentrations of all used reagents on the
response was also investigated. The concentration of TMB

Absorbance

500 550 600 650 700 750 800

Wavelength(nm)
Figure 4. Comparison the response of TMB-H,O, system cata-
lyzed by Ag NPs for a mixture of 25 mg.L" aspirin and 25 mg.L"
salicylic acid (a), 50 mg.L" salicylic acid (b) and 50 mg.L" aspirin
().
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Figure 3. Schematic representation of response of TMB-H,O, system catalyzed by Ag NPs system to aspirin.
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Figure 5. Effect of pH (a), concentration of TMB (b), H,0, (c), SDS capped Ag NPs (d) and time (e) on response of the developed probe.

as a substrate in the catalytic reaction was studied in the
range of 0.03 - 0.24 mmol.L"! and Figure 5b shows that the
system response was increased with TMB concentration
increase and reaches a plateau at 0.12 mmol.L'! which can
be related to its excess amount so that low concentration
of aspirin cannot change the color of the solution.
H,O, concentration as an oxidant in this reaction was

investigated in the range of 0.075 - 0.45 %v/v. The best
results were achieved at H,O, concentration of 0.30 %
v/v (Figure 5¢) and more than this concentration, a slight
decrease was observed in system response. It means that
in the high concentration of H,0,, there was enough
concentration of H,O, to oxidation of both aspirin and
TMB so that no competition in the oxidation procedure
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occurs in the solution. The effect of SDS-capped Ag NPs
volume as other reagents was studied in the range of 3.0
- 100 pL. Figure 5d shows that the response increase with
increasing the nanoparticles volume and after 12.5 pL, it
decreases with a gentle slope. It means that this volume was
enough for catalysis of the reported concentration of TMB
and H,O,. Finally, the incubation time for the reaction
system was optimized and the results (Figure 5e) show
that the response was relatively constant for up to 3 min
and after that, the color of the blank and sample solution
vanishes and the response was decreased.

Analytical figures of merit

Under optimized conditions, a linear relationship with R?
=0.9962 was obtained by plotting aspirin concentration
against A (absorbance intensity in the absence of aspirin -
absorbance intensity in the presence of aspirin) in the range
of 10-250 mg.L™" (Figure 6). The regression equation was
AI'=0.0021 C,,, + 0.0939. The limit of detection (LOD),
expressed as 3 S,/m (where S, is the standard deviation of
the blank and m is the slope of the calibration curve), for
the developed technique was 4.1 mg. L. For the precision
study, a solution with a known amount of aspirin (100
ng.mL™') was measured on the same day and on different
days. The intra-day and inter-day relative standard
deviations (%RSD) for five replications were 1.0 % and 3.5
%, respectively. Furthermore, the impact of nanoparticles
given from different synthesis batches on the signal intensity
was investigated and a relatively an acceptable batch-
to-batch reproducibility with %RSD=5.2% (n = 3) was
reported. Most of the reported methods in the literature for
aspirin determination were the chromatographic method
and provide a LOD < ng.mL" in the biological samples.
However, the main purpose of the current work was the
determination of aspirin concentration in cases of aspirin/
salicylate poisoning. The toxic level of the aspirin in the
plasma samples was reported to be 300-350 mg.L™' * which
was very higher than our calibration range demonstrating
that the developed method has a good capability for
poisoning monitoring.
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Interferences study

To check the selectivity of the proposed method, the
interferences of the commonly used drugs including over-
the-counter pharmaceuticals on the signal of the sensor
for the determination of aspirin were measured and the
results were given in Table 1. The tolerance limit was the
maximum concentration of the interfering that obtain a
relative error (RE) less than 5% for the response signal.
A particular concentration of aspirin (50 mg.L"') was
selected for the interference study. As can be seen, the
high interferences were related to naproxen, celecoxib, and
clonazepam with a tolerance limit of 50 which means their
tolerating concentration was should be 250 mg.L" to affect
the response signal. This concentration was very higher
than their therapeutic concentration in the biological
samples. These results demonstrate that the developed
method has adequate selectivity for aspirin analysis.

Real sample analysis

Although the proposed method has been developed with
the aim of determination of aspirin concentration in
EBC of poisoned individuals with aspirin/salicylate, we
did not have access such cases. So, in order to study the
applicability of the validated method on real samples, the
technique was employed to measure aspirin in EBC of six
volunteers receiving aspirin in the therapeutic dosages.
The results were summarized in Table 2. To study the
accuracy of the method, the recovery calculation was also
done by spiking the studied EBC samples with a known
and constant amount of aspirin. A recovery of between

Table 1. Tolerance limits of some over-the - counter and co-
administrated drugs in the determination of aspirin by the
developed method.

Interfering substance Tolerance limit

Cetirizine 1000
Nicotinamide, Alprazolam 500
Chlordiazepoxide, Oxazepam 400
Diazepam, Ibuprofen 200
Pantoprazole, Diltiazem, Acetaminophen 100
Naproxen, Celecoxib, Clonazepam 50
0.8
¥=0.0021x + 0.0939
0.6 1 R* = 0.9962
= 04
0.2 4
0
0 50 100 150 200 250 300

Concentration (mg.L1)

Figure 6. Absorbance spectra of TMB-H,O, system catalyzed by Ag NPs in the absence and presence of aspirin in the concentration
range of 10-250 mg-L™" (left) and calibration plot (right). Conditions: pH 5.0, [TMB]= 0.12 mmol.L™", [H,0,]= 0.3 % v/v, and SDS capped

Ag NPs volume= 12.5 pL.
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Table 2. The determined aspirin concentration in EBC of patients receiving it in the therapeutic range and recovery experiments.

No. Gender '(l;%:\r) Co-administered drugs '(An?:.?_i) ::r::.nL(i‘) (Ro/t:;overy
1 Female 60 - - - -
25.0 248+1.2 99.2
Metoprolol, Amlodipine, Duloxetine, Pregabalin, Hydrochloroyhia-
2 Male 61 zide, Carbamazepine - B
25.0 232+18 928
Ranitidine, Amlodipine, Losartan, Trifluoperazine, Gabapentin,
8 Male 65 Clonazepam i i ° - B
25.0 239+0.9 952
4 Male 39 Phenobarbital, Naproxen, Carbamazepine - - -
25.0 249+1.1 99.6
5 Male 20 Omega3, Penicillin V, Calcium, Vit D3, Vit K, Selenium - - -
25.0 241+0.8 96.4
6 Male 20 Penicillin V, Calcium, Vitamin D3, Vitamin K, Defripiron - - -
25.0 244+14 976

aRecovery (%)=[(Found-Base)/Added] x 100. “Base” and “Found” refer to the amount of the analyte in samples before and after spiking,

respectively.

92.8% and 99.8% was observed for spiked samples which
confirms the method’s accuracy and selectivity for aspirin
analysis in the EBC of patients that were taking different
co-administered drugs.

Conclusion

A colorimetric method based on nanoparticles catalyzed
redox reaction was validated for aspirin determination
in EBC samples. The novelty of this study was the aspirin
analysis in EBC sample as a newly introduced biological
sample. The proposed method shows good applicability for
aspirin analysis due to its high reliability and fast response
time. The validated method was successfully used for the
quantification of the spiked values of aspirin in the EBC
samples taken from the patients.
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