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ABSTARCT

In this work, biogenic silver nanoparticles (Ag NPs) from Brassica oleracea (Bo) leaf extract (AgNP-Bo) were prepared and
utilized in synthetic mixtures for the accurate, effective, and sensitive spectrophotometric detection of Paracetamol.
Measurements in the UV-Visible, X-ray diffraction (XRD), and scanning electron microscopy (SEM) have been used to confirm
the synthesis of AgNP-Bo. These statistics indicate that the average particle size is 26.39 nm, the crystallinity has an
aggregated structure, and the typical absorption wavelength is 445 nm. To decrease the possible influence of the listed water-
soluble interference analytes, namely Tyrosine, Alanine, and Leucine, the 2™ order derivative method was used for our
investigation. Using complexation with AgNP-Bo, the linear range, limit of detection (LOD), and relative standard deviation
(RSD) for Paracetamol were calculated. The obtained values were 0.1-2, 0.09 pM, and 1.06%, respectively. With average
percent recovery values of 93.33, 96.67, and 90.00%, respectively, AgNP-Bo also demonstrated excellent performance for
Paracetamol detection in synthetic combinations including Tyrosine, Alanine, and Leucine. The suggested technique applied
effectively for the quantitative analysis of synthetic mixtures, which makes it possible to employ Ag NPs going forward to
determine biological molecules when interfering analytes from actual samples are present.

Keywords: Silver nanoparticles; Brassica oleracea; Paracetamol; 2" order derivative spectrophotometry; Interferences.

INTRODUCTION

As an analgesic and antipyretic, paracetamol (N-acetyl-p-
aminophenol) is a safe alternative to aspirin when used at
therapeutic levels [1]. It lowers fever by preventing the central
nervous system's generation of prostaglandins, and it relieves pain
by preventing the hypothalamus's ability to regulate body
temperature [2, 3]. Being a weak acid with a pKa value of 9.5,
paracetamol is easily absorbed after ingestion and broadly
dispersed across most bodily fluids. It is then swiftly eliminated by
urination [4]. The majority of the time, paracetamol has no negative
side effects, but in rare cases, hypersensitivity or overdoses may
cause the production of several liver and nephrotoxic metabolites
[5]. For the relief of minor pain, fever, lumber pain, backache,
migraine, and other nonspecific symptoms, paracetamol is often
self-prescribed without any medical supervision and taken orally or
as a rectal suppository. It has been discovered to be a potent
treatment for osteoarthritis and, more recently, postoperative pain
[6, 7]. The accumulation of dangerous metabolites after an
overdose of paracetamol may cause significant, even fatal, liver
and kidney damage. Nevertheless, frequent paracetamol use in
late pregnancy may increase the likelihood that the unborn child
would suffer persistent wheezing [8 , 9, 10]. Children typically get
120 to 250 mg for ages one to five, and 250 to 500 mg for ages six
to twelve. With a daily maximum of 4 g, the normal adult dose by
30 days is 0.5-1 g every four to six hours. These quantities may be
administered as needed every four to six hours, with a daily
maximum of four doses [11].

In the early years of this decade, interest in the study of
nanoparticles increased due to the efficient use of nanoparticles in
optoelectronic devices, clinical applications, and the medical field
in general—particularly in the areas of diagnosis, optical switching,
drug delivery, and the treatment of cancer [12, 13]. In precisely,
silver-based nanomaterials made of noble metals have drawn an
excessive amount of attention [14]. This is due to the fact that Ag
NPs have pronounced surface plasmon resonance (SPR) [15]. The
integration of synthetic advancements with SPR permits controlled
and methodical alterations in the geometry of nanomaterials as a
sensitive function of the nanocomposite structure [16]. These
qualities enable the use of Ag NPs in the development of novel,
enzyme-free procedures for the detection of paracetamol [17].
Moreover, it is essential to know how silver nanoparticles are
produced [18]. Since several physical and chemical preparation
techniques that are often unaffordable and harmful to the

environment have been documented [19]. For this aim, scientists
have developed an alternative way to make silver nanoparticles,
namely from plant extracts, which has been demonstrated to be
more affordable, efficient, and secure [20].

Brassica oleracea, a plant used for food and medicine, was
chosen in this instance for the synthesis of the Ag NPs on the
grounds that its polyphenolic components would act as a reducing
and stabilizing mediator and would also be able to interact with the
paracetamol molecules on the surface of the AgNP-Bo [21].

In this study, the biosynthesis of Ag NPs was carried out by
Brassica oleracea leaf extract and used in the quicker, easier, and
more convenient 2" order derivative method for the
spectrophotometric determination of paracetamol in synthetic
samples containing water-soluble interference molecules, such as
Tyrosine, Leucine, and Alanine.

Our study's objective was to develop a more reliable,
efficient, and accurate method for detecting paracetamol using Ag
NPs in both laboratory and clinical settings, as well as to open up
new avenues for future research on methods to monitor the blood
paracetamol levels of human beings.

Experimental: Chemicals and reagents: The chemicals used in
our study were of a very high purity and didn't need to be further
purified. Tyrosine and Leucine were purchased from Sigma-
Aldrich, whereas silver nitrate (AgNO3), Paracetamol, and Alanine
were purchased from MERCK. Brassica oleracea plant leaves
were purchased from a plant nursery in Mardan (KPK), Pakistan.
Standard solutions of 1 M silver nitrate, Paracetamol, Tyrosine,
Leucine, and Alanine were made in deionized water and kept as
stock samples.

Instrumentation: With a double beam UV-1602
spectrophotometer, all absorbance measurements were made.
JEOL JSM-7800F performed the SEM examination and measured
the particle sizes for AgNP-Bo morphology. The AgNP-Bo
crystallinity XRD study was performed using the Bruker D8
Advance Cu Ka (A = 1.5418 A).

Preparation of AgNP-Bo: The 40 g of Brassica oleracea leaves
were washed, dried, powdered, boiled in 500 mL of deionized
water for 30 minutes, cooled in a water bath, and then processed
by filtering. The filtrate was stored of further processing, along with
measuring absorbance in the 300-800 nm range.

A 300 mL solution of silver nitrate (1 uM) was stirred at 50 °C
for 30 minutes and 50 mL of Brassica oleracea leaf extract was
added dropwise while being stirred until a yellow color solution was
developed. The solution was heated for approximately two hours,
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giving it a brownish orange color, a UV-visible spectrophotometer
scanning at 300-800 nm wavelength range was performed. The
AgNP-Bo was produced, centrifuged for 20 minutes at 5000 rpm,
washed with deionized water and distilled ethanol, and dried at 25
°C.

Determination of Paracetamol by AgNP-Bo: 1 uM of AgNP-Bo
were stirred for 30 min with 1 pM each of Paracetamol, Tyrosine,
Leucine, and Alanine solutions in a 50:50 ratio, absorbance
spectra in the 300-800 nm range were taken, using the Ag NPs as
a blank. The following stage was computing the zero-crossing
point (ZCP) and obtaining the 2™ order derivative spectra of AgNP-
Bo with Tyrosine, Leucine, and Alanine (interferences-AgNP-Bo).
Next, 2" order derivative spectra of each solution were computed
using the absorbance spectra of the various solutions containing
0.1-2 M Paracetamol combined with AgNP-Bo in a 50:50 ratio
(Paracetamol-AgNP-Bo). In the last step, a calibration curve of
interferences-AgNP-Bo at ZCP wavelength (nm) was constructed,
and then correlation coefficients and straight-line equations were
calculated [22, 23]. The calibration curve was employed to
determine the unknown Paracetamol quantities using a regression
equation.

Recovery experiments were carried out by testing different
known quantities of Paracetamol in triplicate of each formulation in
order to accurately and precisely assess the suggested approach.
Then the limits of detection (LOD), the limits of quantification
(LOQ), the percentage of recovery, the standard deviation (SD),
the relative standard deviation (RSD), and the confidence
interval/Limit are calculated.

Paracetamol was also measured using AgNP-Bo in
manufactured synthetic mixtures. To accomplish this, five mixes
were made by mixing 1 pM of tyrosine, leucine, and alanine with
paracetamol at concentrations ranging from 0.2-1.7 uM.

RESULTS AND DISCUSSION

Confirmation of AgNP-Bo preparation: When leaf extract was
added to AgNOj; solution, the solution's color changed from
translucent to brownish orange, confirming that AQNP-Bo had been
successfully synthesized. UV-Visible spectra were used for further
validation. The UV-Visible absorbance spectra of Brassica
oleracea leaf are shown in Figure 1 together with AgNP-Bo, which
displays a distinctive peak of Ag NP at 445. The fact that this peak
is the distinctive SPR of metallic Ag NP indicates that AgNP-Bo
has probably been produced. Also, owing to a plant's lack of
metallic SPR, no absorption bands of pure Brassica oleracea leaf
extract was seen at a certain wavelength range [24].
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Figure 1: UV-Visible absorbance spectra of Brassica oleracea extract and
prepared AgNP-Bo

XRD analysis: As shown in Figure 2, the XRD examination
supported the purity and crystallinity of the AgNP-Bo phase. The
JCPDS standard powder diffraction card was used to analyze the
observed XRD diffractogram, and it revealed a connection to the
silver 04-0783 [25]. It may be explained by the 2 values of AgNP-
Bo matching the lattice planes at 38, 44, 64, and 77 degrees,
which have been determined to be caused by the face-centered
cubic crystal structure of silver metal giving the nanocrystalline size
was found as 2.12 nm using the Debye-Scherrer equation,.
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Figure 2: XRD pattern of AgNP-Bo.

Surface morphology analysis: As-prepared AgNP-Bo underwent
SEM investigation, which revealed the presence of extremely tiny
nanoparticles with granules dispersed randomly over rough
surfaces, as seen in Figure 3. Moreover, ImageJ software was
used to calculate the size of the Ag NPs [26]. The aspect ratio was
computed due to an unequal distribution of particles, and the
resultant mean particle size was found as 26.39 nm [27].
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Figure 3: The SEM image of AgNP-Bo.

Determination of Paracetamol by prepared silver nanoparticle:
Complexation of AgNP-Bo with Paracetamol: AgNP-Bo was
combined with Tyrosine, Leucine, Alanine, and Paracetamol. The
complexation has been confirmed by comparing the analyte
spectra in Figure 4 to those of pure AgNP-Bo. The Figure
demonstrates the changes in absorbance maxima on wavelength
that influenced the analytes' absorbance bands. Leucine, Alanine,
and Paracetamol each showed a blue shift in contrast to Tyrosine's
red shift. These peak movements might be explained by analytes
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interacting with nanoparticles changing the Ag NPs dielectric
constant [28].
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Figure 4: UV-Vis. spectra of pure AgNP-Bo and complexed with analytes.

Analysis of Paracetamol by 2" order derivative method: It is
particularly challenging to identify a single analyte at a given
wavelength in a mixed environment that contains interferences
since these analytes invariably provide insensitive absorption
measurements. Derivative spectroscopies are one of the
techniques that may be used in these situations to reduce
interference effects and aid in the precise identification of an
analyte. Two distinct solutions are required for the measurement of
paracetamol using the second order derivative spectrophotometry
technique in mixed samples. A solution comprising interference
analytes (Tyrosine, Leucine and Alanine) and a pure analyte
(Paracetamol) that has to be determined. As shown in Figure 5,
the first computation of the 2nd order derivative spectra of AgNP-
Bo with Tyrosine, Leucine, and Alanine (interferences-AgNP-Bo)
from their respective spectra shows that all three derivative spectra
intersect at zero absorbance at a wavelength of 370 nm. Given
that there is currently no concentration of these three interference
analytes, this wavelength was chosen as the ZCP.
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Figure 5: 2" order derivative UV-Vis. spectra of AgNP-Bo complexed with
Tyrosine, Leucine and Alanine.

Thereafter, 2" order derivative spectra of each of the
absorbance spectra of 0.1-2 pM Paracetamol with AgNP-Bo
(Paracetamol-AgNP-Bo) were computed. These measurements
were used to create the calibration curve at 370 nm, which showed
the slope, intercept, and correlation coefficient (R?) as 1.15, -0.85
and 0.98, respectively (Figure 6). This calibration curve was used
to estimate the paracetamol concentrations in synthetic
combinations that were unknown. The linear range, LOD, LOQ,

and SD are also shown in Table 1, and they were discovered to be
0.1-2, 0.09, 0.29, and 0.06 uM, respectively. In contrast, 1.06% of
RSD was attained. In conclusion, the LOD, LOQ, and SD values
are all under 1%, while the RSD value is within 10%,
demonstrating the method's efficacy and sensitivity.
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Figure 6: Standard calibration curve for Paracetamol determination.

Table 1: Analytical parameters for the determination of Paracetamol

Parameter Values
ZCP (nm) 370
Linear range (uUM) 0.1-2
LOD (uM) 0.09
LOQ (uM) 0.29
Regression equation (y) y = 1.1508x - 0.8588
Slope (b) 1.15
Intercept (a) -0.85
Correlation coefficient (R?) 0.98
SD (uM) 0.06
RSD (%) 1.06

Precision and accuracy determination: Recovery study
processes were carried out to ensure that the suggested method
was carefully assessed. After the evaluation of known doses of
pure paracetamol three times, recovery examinations were carried
out. The absorbance spectra of each solution were recorded. The
regression equation predicts the paracetamol concentration.
According to Table 2, the accuracy and precision for the triplicate
measurement of paracetamol vyielded average recovery
percentages of 93.33, 96.67, and 90.00%, respectively. RSD for
triplicates was found to be, respectively, 5.6, 3.9, and 5.3%. The
percent recoveries and RSD values are close to 100 and 10%,
respectively, according to the data, showing results of proximal
precision. Also, the three samples' confidence intervals are 10.33,
14.67, and 19.00, respectively, whereas the samples' confidence
limits were determined to be 0.12, 0.12, and 0.20, respectively,
which is close to 1. These results demonstrate the sensitivity and
selectivity of the suggested technique.

Table 2: Accuracy and precision for Paracetamol determination

SN Take Found Recovery Av. Recovery ponfidﬁrlige_
.No ?pM) (M) %) (%) + RSD |tnterva imi

1.1 1 90.00

1 1.1 1.1 100.00 93.33+5.6
1.1 1 90.00 10.33 £ 0.12
15 15 100.00

2 15 14 90.00 96.67 + 3.9
1.5 1.5 100.00 14.67 £ 0.12
2 1.9 90.00

3 2 1.8 80.00 90.00 +5.3
2 2 100.00 19.00 * 0.20

Determination of Paracetamol in synthetic samples: The
suggested approach has also been used to assess the usefulness
of AgNP-Bo for detecting paracetamol in synthetic mixes. Five
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concentrations of paracetamol, 0.2, 0.3, 0.7, 1.3, and 1.7 M, were
measured by AgNP-Bo utilizing a calibration curve in solutions
comprising interference analytes. Table 3 displays the data, with
the average percent recovery being 100.15 and the RSD being
7.80%, with a confidence interval of 8.42 and a confidence limit of
1.31.

Table 3: Analysis of Paracetamol in synthetic mixtures

Amount Q)T:gm % Av.% Recovery Confidence
taken (uM) (M) Recovery + RSD interval/Limit
0.20 0.21 105.00
0.30 0.29 96.67
0.70 0.68 97.14 100.15 + 7.80 8.42+1.31
1.30 1.31 100.77
1.70 1.72 101.18

CONCLUSION

The function of silver nanoparticles in the latest research on their
synthesis in determination of Paracetamol is highlighted by a
simple, sensitive, low-cost technique. The prepared AgNP-Bo was
successfully employed to detect Paracetamol in synthetic mixtures
using the spectrophotometric 2" order derivative method, with
good results. The sensitivity of utilizing Ag NPs in the detection of
Paracetamol in synthetic mixtures, especially in the presence of
interfering molecules, has enhanced due to the successful use of
the recommended technique with the help of spectrophotometry.
Because to its high percentage of recovery and low RSD, the
suggested approach for assessing paracetamol is very accurate.
The recommended method's standard deviations were around 10,
and its % recoveries were very near to 100, demonstrating
superior reproducibility. For the examination of real serums, such
as blood or other live and clinical formulations, this technique is
more suitable and sensitive. A biomarker for diagnosing and
identifying specific illnesses linked to variations in the amount of
Paracetamol in living things may also be created using the
suggested method. This approach might be enhanced and applied
in upcoming studies for general and industrial analyses.
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