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Considering the unique properties of magnesium and its alloy, it has a vast demand in biomedical applications, particularly the
implant material in tissue engineering due to its biodegradability. But the fixing spares must hold such implants till the end of
the biodegradation of implant material. The composite technology will offer the added benefits of altering the material
properties to match the requirements of the desired applications. Hence, this experimental investigation is aimed at developing
a composite material for manufacturing fixing spares like a screw for implants in biomedical applications. The matrix of AZ63
magnesium alloy is reinforced with nanoparticles of zirconium (Zr) and titanium (Ti) through the stir casting-type synthesis
method. The samples were prepared with equal contributions of zirconium (Zr) and titanium (Ti) nanoparticles in the total
reinforcement percentage (3%, 6%, 9%, and 12%). The corrosive and tribological studies were done. In the corrosive study, the
process parameters like NaCl concentration, pH value, and exposure time were varied at three levels. In the wear study, the
applied Load, speed of sliding, and the distance of the slide were considered at four levels. Taguchi analysis was employed in
this investigation to optimize the reinforcement and independent factors to minimize the wear and corrosive losses. The
minimum wear rate was achieved in the 12% reinforced sample with the input factor levels of 60N of load on the pin, 1m/s of
disc speed at a sliding distance was 1500m, and the 12% reinforce samples also recorded a minimum corrosive rate of
0.0076mm/year at the operating environment of 5% NaCl-concentrated solution with the pH value of 9 for 24 hrs of exposure.
The prediction model was developed based on the experimental results.

1. Introduction

Currently replacing a fractured bone with an artificial
implant in alloy material is one of the innovative research
studies [1]. Most of the studies considered the magnesium
material in the implant process due to its excellent mechan-
ical properties and lifetime [2]. Currently, in orthopaedic
applications, the materials are needed to be highly

corrosion-resistant but degradable. Now, the research work
focused on iron-based biodegradable materials used in the
orthopaedic function [3–5]. Researchers are taking vast
studies to improve the implant material properties through
the reinforcement of alloying materials, surface coating,
and innovative process methods [6]. There is no divergence
of human normal physiological functions even in injured
bone by replacing artificial bone implant techniques. The
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bone implant is reflecting the need for treatment for the nor-
mal functioning of joints and also ensures the treatment
superiority [7–9]. Now, numerous biomaterials are devel-
oped for bone renovation applications such as bioceramics,
biometals, and biopolymers [10]. Of all these materials, mag-
nesium and its alloys are the innovative materials for bone
implants. Compared with that of the human bone, Young’s
modulus of the magnesium alloys has similar value; hence,
it is an apt material for bone replacement [11–13]. Similarly,
the density of the magnesium alloy is 1.79 g/cm3, while it was
denoted that the closer density value of the human bone is

1.75 g/cm3. Titanium and its alloys played a vital role in bio-
medical applications due to their higher Young’s modulus
and strength in contrast to those of the human bone
[14–16]. Magnesium alloy is one of the encouraging mate-
rials for the control of processing and making good biomed-
ical parts. Magnesium alloys possess excellent degradation
uniqueness. Of all minerals present in the human body,
magnesium has taken the fourth place [17]. It is an indis-
pensable element for building bone and soft tissue. Gener-
ally, the magnesium alloy bone replacement is classified
into two categories such as bone fixation device and bone

(a) (b)

Figure 2: Dry sliding wear test: (a) DUCOM wear test apparatus and (b) wear test specimens.

Bone screws

Dry sliding
wear test

Salt spray
corrosion

test

Taguchi
optimization

Stir casting processZirconium (Zr)

Magnesium alloy hybrid composites

Titanium (Ti)Magnesium alloy (AZ63)

Figure 1: Experiment flow diagram.
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tissue engineering scaffold [5, 18, 19]. Normally, the bone
screw, bone pin, and bone plates are named bone fixation
devices; these are essential parts in repairing an affected
bone. Recently, the Mg and Ti alloys have a higher level of
usage in the bone fixation device due to their higher modu-
lus compared to natural bone [20]. Zirconium is also the
major element used in bone repair; now, hybrid composites
are to be developed in the bone implant material [21]. The
research gap is AZ63 magnesium alloy property modifica-
tion through titanium and zirconium nanoparticles at differ-
ent reinforcement contributions in the nanocomposite
matrix. The investigation is aimed at modifying the wear
as well as corrosive resistance positively in the application
requirement ranges. “Can wear resistance and corrosive
resistance of AZ63 Magnesium alloy modify positively by
reinforcing titanium and zirconium nanoparticles?” is an
unanswered question, and this manuscript tried answering
the same question.

This experimental work is considering the AZ63 magne-
sium alloy reinforced with nanoparticles of titanium and zir-
conium for the fabrication of magnesium alloy hybrid
composites. These composites are prepared by using the stir
casting process. Taguchi analysis was used to analyse the
wear and corrosion performance of the composites through
optimization of the process parameters [22].

2. Experimental Procedure

In this composite preparation, the base material is taken as
the AZ63 magnesium alloy and the reinforcement nanopar-
ticles are titanium and zirconium. All these base and rein-
forcement materials are purchased from Exclusive
Magnesium Private Limited, Hyderabad. The average parti-
cle size of the titanium and zirconium was 30–70 nm [23].
Composite preparation is carried out through a bottom
pouring-type stir casting apparatus [24]. Figure 1 illustrates
the experimental work as a flow diagram.

In the stir casting process, the magnesium alloy is heated
up to 650°C in the furnace for 3 hours [25]. Similarly, the
reinforced nanoparticles of titanium and zirconium equally
contributed at different wt% of reinforcement (3%, 6%, 9%,
and 12%). They were preheated in the preheat chamber with
a temperature level of 900°C. The preheating process is
maintained for 2 hours for excellent blending of reinforced
nanoparticles [26–28]. After that, the preheated reinforced
molten material is added to the magnesium melt, and the
homogeneous mixture is achieved through stirring action
by using stirring mechanism with an electrical controller
[29]. The mixture of base material melts and reinforced
nanoparticle melt in the furnace is heated at 500°C. Finally,
the molten material is poured into the prepared die and
allowed to cool [30]. The raw sample was separated from
the die and sliced for the required dimensions for preparing
samples to investigate the wear and corrosive properties.

A dry sliding wear test is conducted through Pin-on-disc
apparatus (DUCOM 20 LE model) as shown in Figure 2(a).
The wear test is conducted as per the ASTM G-99 standard;
the dimensions of the specimens are 13mm in diameter and
35mm in length as shown in Figure 2(b). Different process

parameters and levels to be considered to conduct the wear
test are the percentage of reinforcement, load disc speed,
and sliding distance [31, 32].

A salt spray test is conducted to estimate the corrosion
rate of the magnesium alloy hybrid composites; Figure 3
illustrates the salt spray corrosion test specimens. As per
the ASTM standard B117, the different parameters consid-
ered for conducting corrosion tests are reinforcement (%),
NaCl (%), pH value, and exposure time [33]. Before con-
ducting of corrosion test, the specimen surfaces are abraded
by using 600 grit size emery sheets.

The factors and their levels were furnished for wear and
corrosion analysis and are presented in Tables 1 and 2,
respectively.

3. Results and Discussion

3.1. Wear Test. The minimum wear rate was recorded as
0.0078mm3/m by the influence of 12% reinforcement, 60N
of load, 1m/s of disc speed, and 1500m of sliding distance
(m). Similarly, higher wear was registered as 0.0255mm3/
m as presented in Table 3.

Figure 3: Salt spray test specimens.

Table 2: Factors and levels for corrosion rate-based Taguchi
analysis.

Sl. no. Factor
Level of variations

1 2 3 4

1 Reinforcement (%) 3 6 9 12

2 NaCl (%) 3 4 5 6

3 pH value 6 7 8 9

4 Exposure time (hrs) 24 36 48 60

Table 1: Factors and levels for wear rate-based Taguchi analysis.

Sl. no. Factor
Level of variations

1 2 3 4

1 Reinforcement (%) 3 6 9 12

2 Load (N) 15 30 45 60

3 Disc speed (m/s) 1 2 3 4

4 Sliding distance (m) 1000 1200 1500 1700

3BioMed Research International
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Table 3: Experimental summary of wear test.

Exp. runs Reinforcement (%) Load (N) Disc speed (m/s) Sliding distance (m) Wear rate (mm3/m) S/N ratio (wear rate)
Predicted
wear rate

1 3 15 1 1000 0.0112 39.0156 0.0110

2 3 30 2 1200 0.0205 33.7649 0.0229

3 3 45 3 1500 0.0237 32.5050 0.0218

4 3 60 4 1700 0.0203 33.8501 0.0198

5 6 15 2 1500 0.0123 38.2019 0.0118

6 6 30 1 1700 0.0095 40.4455 0.0076

7 6 45 4 1000 0.0164 35.7031 0.0188

8 6 60 3 1200 0.0255 31.8692 0.0253

9 9 15 3 1700 0.0082 41.7237 0.0106

10 9 30 4 1500 0.0157 36.0820 0.0155

11 9 45 1 1200 0.0126 37.9926 0.0121

12 9 60 2 1000 0.0218 33.2309 0.0199

13 12 15 4 1200 0.0149 36.5363 0.0130

14 12 30 3 1000 0.0191 34.3793 0.0186

15 12 45 2 1700 0.0108 39.3315 0.0106

16 12 60 1 1500 0.0078 42.1581 0.0102

Table 4: Signal to noise ratios for wear rate responses.

Smaller is better
Level Reinforcement (%) Load (N) Disc speed (m/s) Sliding distance (m)

1 34.78 38.87 39.90 35.58

2 36.55 36.17 36.13 35.04

3 37.26 36.38 35.12 37.24

4 38.10 35.28 35.54 38.84

Delta 3.32 3.59 4.78 3.80

Rank 4 3 1 2

3
35.0

37.5

40.0

6 9 12

Reinforcement (%) Load (N)

Main effects plot for SN ratios
Data means

15 30 45 60

1
35.0

37.5

40.0

2 3
Signal-to-noise: Smaller is better

4

Disc speed (m/s) Sliding distance (m)

1000

M
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n 
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tio
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1200 1500 1700

Figure 4: Main effects plot for S/N ratios (wear test).
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Table 4 presents the higher influencing parameter of the
wear test based on the rank and delta value. In the wear test
analysis, a higher influence factor was found as disc speed
followed by sliding distance, load, and percentage of rein-
forcement. The optimal parameters of the wear test are
12% of reinforcement, 15N of load, 1m/s of disc speed,
and 1700m of sliding distance.

The increase of reinforcement percentage reduces the
wear rate of the 12% of reinforced offered minimum wear
rate of the hybrid magnesium alloy composites as shown
in Figure 4. A minimum applied load such as 15N provided

a minimum wear rate; continually increasing load, the wear
rate can be increased simultaneously. Lower disc speed
offered a lower wear rate; increasing the disc speed from
1m/s to 3m/s, the wear rate also increased. Minimum slid-
ing distance increases the wear rate; the increase of sliding
distance from 1000m to 1700m the wear rate was reduced.
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Figure 5: Normal probability plot for the wear test.

Table 5: Analysis of variance for the wear test.

Source DF Seq SS Contribution Adj SS Adj MS F value P value

Regression 4 0.000331 69.36% 0.000331 0.000083 6.23 0.007

Reinforcement (%) 1 0.000070 14.63% 0.000070 0.000070 5.25 0.043

Load (N) 1 0.000091 18.99% 0.000091 0.000091 6.82 0.024

Disc speed (m/s) 1 0.000101 21.10% 0.000101 0.000101 7.58 0.019

Sliding distance (m) 1 0.000070 14.63% 0.000070 0.000070 5.25 0.043

Error 11 0.000146 30.64% 0.000146 0.000013

Total 15 0.000477 100.00%

19%

Reinforcement (%) Disc speed (m/s)

Sliding distance (m)Load (N)

14.6%14.6%

21.1%

Figure 6: Pie chart for parameter contribution in the wear test. 1 2 3 4 5 6 7 8 9 10 11
Experimental runs
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Figure 7: Bar chart for comparing the experimental and predicted
wear rate.
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Figure 5 presents the normal probability plot for the
wear test, which demonstrates the accuracy of data points in
a clear manner. All the selected data points are very nearby
the mean line, and only very few of them just deviated from
it; hence, the chosen model and the parameters were accurate.

Higher contributions of parameters in the wear rate analysis
are presented in Table 5. ANOVA results concluded that a
higherF value indicates a higher contribution of that parameter.
In this analysis, as the P values were found to be below 0.05, the
selected parameters and their influence were significant.

The prediction model for wear rate prediction is pre-
sented in equation (1). As R2 > 95%, the model will give
good agreement with the experimental results.

Wear rate mm3/m
� �

= 0:01986 − 0:000622 reinforcement %ð Þ
+ 0:000142 load Nð Þ
+ 0:002243 disc speed m/sð Þ
− 0:000008 sliding distance mð Þ:

ð1Þ

Figure 6 presents the contribution of each parameter in
the wear test. Disc speed highly contributed (21.1%), and
the load contributed 19%. An equal contribution of
14.6% was recorded for sliding distance and reinforcement
factors.

The experimental responses of wear rates were found
to be closer to the predicted wear rate as shown in
Figure 7. From both the wear rate analyses, experimental
wear rate values were closer to predicted ones; hence, the
output of the wear analysis was found to have better
accuracy.

Two parameters of correlation are presented in
Figure 8 through a parallel set plot. Figure 8(a) repre-
sents the 12% of reinforcement and 60N of load offered
minimum wear rate. Figure 8(b) correlates that the 60N
of applied load and 1m/s of disc speed recorded mini-
mum wear rate. Figure 8(c) illustrates that 1m/s of disc
speed and 1500m of sliding distance offered a lower
wear rate. Figure 8(d) presents the 1500m of sliding
distance and 12% reinforcement provided minimum wear
rate.
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Figure 8: Parallel set plot: (a) reinforcement % vs. load; (b) load vs. disc speed; (c) disc speed vs. sliding distance; (d) sliding distance vs.
reinforcement %.
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Table 6: Experimental summary of corrosion test analysis.

Exp. runs Reinforcement (%) NaCl (%) pH value Exposure time (hrs)
Corrosion rate × 10−3

(mm/year)
S/N ratio

(corrosion rate)
Predicted

corrosion rate

1 3 3 6 24 0.126 17.9926 0.124

2 3 4 7 36 0.164 15.7031 0.164

3 3 5 8 48 0.095 20.4455 0.099

4 3 6 9 60 0.114 18.8619 0.111

5 6 3 7 48 0.153 16.3062 0.150

6 6 4 6 60 0.092 20.7242 0.096

7 6 5 9 24 0.076 22.1581 0.078

8 6 6 8 36 0.108 19.3315 0.106

9 9 3 8 60 0.184 14.7036 0.184

10 9 4 9 48 0.155 16.1934 0.153

11 9 5 6 36 0.096 20.3546 0.093

12 9 6 7 24 0.093 20.6303 0.097

13 12 3 9 36 0.211 13.5144 0.215

14 12 4 8 24 0.154 16.2496 0.1517

15 12 5 7 60 0.127 17.9239 0.125

16 12 6 6 48 0.082 21.7237 0.082

Table 7: Response table for signal-to-noise ratios (corrosion rate).

Smaller is better
Level Reinforcement (%) NaCl (%) pH value Exposure time (hrs)

1 18.25 15.63 20.20 19.26

2 19.63 17.22 17.64 17.23

3 17.97 20.22 17.68 18.67

4 17.35 20.14 17.68 18.05

Delta 2.28 4.59 2.56 2.03

Rank 3 1 2 4

3 6 9 12

Reinforcement (%) NaCl (%)

Main effects plot for SN ratios
Data means
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Figure 9: Main effects plot for S/N ratios (corrosion rate).
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3.2. Salt Spray Corrosion Test. The salt spray corrosion test
demonstrates the minimum and maximum corrosion rates
were obtained through different parameters’ influence. The
minimum corrosion rate was recorded as 0.0076mm/year
by the influence of 6% reinforcement, 5% of NaCl, a pH
value of 9, and 24 hrs of exposure time. On the contrary,

the maximum corrosion rate was found as 0.211mm/year;
it is presented in Table 6. All the experimental values are
very close to the predicted values.

Table 7 presents the higher level and lower level
influencing parameters of the corrosion rate analysis; it can
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Figure 10: Normal probability plot for corrosion rate.

Table 8: Results of analysis of variance for corrosion rate.

Source DF Seq SS Contribution Adj SS Adj MS F value P value

Regression 4 0.016933 73.03% 0.016933 0.004233 7.45 0.004

Reinforcement (%) 1 0.001296 5.59% 0.001296 0.001296 2.28 0.015

NaCl (%) 1 0.012500 53.91% 0.012500 0.012500 21.99 0.001

pH value 1 0.003001 12.94% 0.003001 0.003001 5.28 0.042

Exposure time (hrs) 1 0.000135 0.58% 0.000135 0.000135 0.24 0.035

Error 11 0.006253 26.97% 0.006253 0.000568

Total 15 0.023186 100.00%
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Figure 11: Pie chart for parameter contribution in corrosion rate.
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be achieved by rank order and delta value. In corrosion rate
analysis, a higher priority parameter was found as % of
NaCl, followed by pH value, reinforcement (%), and expo-
sure time. The optimal parameters for the minimum corro-
sion rate analysis are 6% of reinforcement, 5% of NaCl, and
maintaining the pH value of 6 for 24hrs of exposure time.

In the corrosion rate analysis, until 6% of reinforcement
corrosion rate decreases (due to increasing of Signal to noise
ratio), then increases (refer to Figure 9). Until NaCl concen-
tration improved to 5%, the corrosion rate decreased and
then declines. The lower pH value (6) registered a minimum
corrosion rate than higher pH values. Similarly, the shorter
exposure time offered a minimum corrosion rate.

Figure 10 illustrates the normal probability plot for the
corrosion test, for this plot exhibits the involvement of data
points in the corrosion rate analysis. Few of the data points
only deviated from the mean line; the remaining values fall
closer to the mean line. So it can be proved that the selected
parameters were good. Table 8 presents the contributions of
various factors. F values correlate with the contribution per-

centage of each parameter considered, in the corrosion rate
inspection. In this analysis, the NaCl % was extremely
contributed.

The prediction model for corrosion rate prediction is
presented in equation (2). As R2 > 95%, the model will give
good agreement with experimented results.

Corrosion rate × 10−3 mm/yearð Þ
= 0:1184 + 0:00268 reinforcement %ð Þ

− 0:02500NaCl %ð Þ + 0:01225 pH value
+ 0:000217 exposure time hrsð Þ:

ð2Þ

Figure 11 presents the higher contribution and lower
contribution of the parameters in the corrosion rate analysis.
Sodium chloride percentage (NaCl %) was extremely contrib-
uted (53.9%), followed by 12.9% of pH value, 5.6% of rein-
forcement, and lower percentage (0.6%) of exposure time.
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The observed corrosion rates were nearer to the pre-
dicted corrosion rates (refer to Figure 12); therefore, the out-
put result of the corrosion rate analysis is accurate.

Figure 13 illustrates the correlation between the parame-
ters, with heatmap analysis. Figure 13(a) exemplifies the 6%
reinforced sample in the 5% NaCl-concentrated solution
offered a minimum corrosion rate. Figure 13(b) demon-
strates that the 5% of NaCl concentration at the pH value
of 9 registered a minimum corrosion rate. Figure 13(c) illus-
trates that maintaining the pH value of 9 for 24hrs of expo-
sure time recorded a lower corrosion rate. Figure 13(d)
demonstrates the 24 hrs of exposure time and 6% of rein-
forcement registered minimum corrosion rate.

4. Conclusion

Magnesium alloy hybrid nanocomposites for biomedical
applications were prepared through the stir casting process.
The wear and corrosive properties were analysed in the pre-
pared nanocomposite samples successfully. The results of
this investigation were drawn as follows:

(i) In the wear test, the minimum wear rate was
recorded as 0.0078mm3/m for the 12% reinforced
nanocomposite sample at 60N of load on the pin
and 1m/s of disc speed for the 1500m of sliding dis-
tance (m). On the contrary, higher wear was found
at 0.0255mm3/m. Optimal parameters of the wear
test attained 12% of reinforced nanocomposite sam-
ple with 15N load on the pin at 1m/s of disc speed
for 1700m of sliding distance

(ii) Higher contribution of the parameter in the wear
test was recorded as disc speed was highly contrib-
uted (21.1%), followed by 19% of load and equal
contribution (14.6%) which was observed for the
factor percentage of reinforcement and sliding
distance

(iii) In the corrosion rate analysis, a minimum corrosion
rate was found to be 0.0076mm/year for the 6%
reinforced nanocomposite sample in 5% NaCl con-
centrated solution with a pH value of 9 for 24 hrs of
exposure time. On the contrary, the maximum cor-
rosion rate was registered as 0.211mm/year. Opti-
mal parameters of the corrosion rate analysis were
observed as 6% of reinforced nanocomposite sample
in the 5% NaCl concentrated solution with the pH
value of 6 for 24 hrs of exposure time

(iv) Sodium chloride percentage (NaCl %) was excep-
tionally contributed (53.9%), followed by 12.9% of
pH value, 5.6% of reinforcement %, and lower per-
centage (0.6%) of exposure time

From the above experimental results, it can be under-
stood that the maximum reinforcement outperformed in
promoting the wear-resistance properties of the proposed
nanocomposite. Similarly, in the salt spray corrosion test,
the same kind of trend was observed. Hence, the increase

in reinforcement improved wear resistance and corrosive
resistance. As it has reached a maximum value as optimal,
there is a chance to improve such resistance by increasing
the reinforcement percentage and a maximum possible rein-
forcement may be found in future research.
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As one of the main causes of morbidity and mortality, viral infections have a major impact on the well-being and economics of
every nation in the globe. The ability to predictably diagnose viral infections improves the provision of good healthcare as well as
the control and prevention of these conditions. Nanomaterials have gained widespread usage in the medical industry recently due
to the rapid advancement of nanotechnology and their exceptional chemical and physical qualities, such as their small size and
synthesized surface properties. The utilization of nanoparticles for illness detection, surveillance, control, preventive, and
therapy, such as the treatment of bacterial infections, is referred to as nanomedicine. Nanomedicine is a comprehensive
discipline that is founded on the usage of nanotechnology for clinical objectives. Nanoparticles, which have a nanoscale
dimension and exhibit highly controllable optical and physical characteristics as well as the ability to bind to a large variety of
chemicals, are among the most popular nanomaterials in nanomedicine. A deep learning framework of autoencoder for
categorization study on viral infections is built based on actual hospital patient history of viral infections from August 2015 to
August 2020. The information comprises of 10,950 cases, comprising outpatients and inpatients, encompassing the infectious
diseases. Of such 10,950 instances, training set made up 70% or 7665 instances, and testing data made up 30% or 3285
instances. The data processing was done using the presented recurrent neural network-artificial bee colony (RNN-ABC)
method. Sparse data densifying processes are done through the autoencoder to enhance the system learning outcome. The
suggested autoencoder system was also evaluated to other widely used models, including support vector machine, logistic
regression, random forest, and Naïve Bayes. In comparison to other approaches, the study’s findings demonstrate how well the
suggested autoencoder model can predict viral diseases. The methods used for this research can aid in removing reported lags
in current monitoring systems, hence reducing society’s expenses.
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1. Introduction

Whenever a person becomes affected with a pathogen from a
human or animal source, an infectious illness develops. It is
viewed as a societal issue since it not only negatively affects
people but also negatively affects society as a whole. All stage
of human progress has been associated by infectious ill-
nesses, which continue to pose a severe hazard to public
health. Infectious illnesses continue to be the leading global
cause of mortality, illness, incapacity, and economic unrest
despite medical advancements [1]. In reality, they accounted
for even more than 6.7 million fatalities in 2016, ranking
third among the world’s top ten mortality causes. Among
these, 3 million fatalities have been attributed to low respira-
tory problems, 1.3 million to TB, 1.4 million to diarrheal ill-
nesses, and one million to the human immunodeficiency
virus (HIV) and its side effects. These illnesses are associated
with significant economic and social risks for the healthcare
system, with consequences ranging from the well-being of
common people to the sustainability of the international
order [2]. Infectious disorders can be brought on by a variety
of microorganisms, such as viruses, bacteria, fungus, and
parasites which are shown in Figure 1. Internationally, ill-
nesses brought on by infections are the main cause of mor-
tality. Bacteria continue to be the most common cause of
mortality amongst microbial infections among infants, the
elderly, and individuals with weakened immune systems
[3]. Figure 2 depicts the different way to the transmission
of infectious disease. Given the extremely high morbidity
and death rates associated with bacterial infections and the
rising costs associated with patient care, harmful bacteria
are a major public health concern [4]. A significant advance-
ment in nanomedicine during the last ten years offers hope
for the cure of bacterial infections. To increase the availabil-
ity and efficacy of an antibiotic, the nanomaterials can func-
tion as antimicrobial agents or as the transporters for
carrying antimicrobial medicines [5]. Nanoparticles are a
new area that has been created as a result of the substantial
changes brought about by the advancement of nanotechnol-
ogy and other pertinent techniques and substances. Because
of the rapid advancement of numerous nanomaterials and
their distinct benefits, nanomedicine is becoming ever more
important in the detection, therapy, and prevention of ill-
ness [6].

As a potential diagnostics and theranostic method in
nanomedicine, nanoparticles can be synthesized by attach-
ing to certain proteins, accessing particular local locations,
or dispersing medicines in particular conditions. In order
to help nanomaterials access molecules, regulate molecular
interactions, and track variations in the microenvironment,
therapeutic or diagnostic compounds have been developed
[7]. On either side, nanoparticles’ tunable optical, electrical,
magnetic, and biological qualities allow them to be manufac-
tured into a variety of forms, dimensions, composition,
chemical surface characteristics, and hollowed or solid forms
[8]. These characteristics will make nanomaterials suitable
for significant clinical illness purposes.

Other tactic to improve the absorption and elimination
of germs is the encapsulating of antibiotic medications into

nanocarriers. In comparison to traditional treatment, medi-
cation distribution using nanosystems increases effectiveness
while potentially lowering toxicity. Nanomaterials’ strong
bacterial affinities, large surface ratio, potential for surface
modification, and ability to carry drug molecules all help
them exert effective antibacterial action [9]. With the grow-
ing understanding of this fascinating topic, the definition as
well as categorization of nanomaterials was constantly
changing. Editors believe it is essential to clarify that the
upper size limit of nanoparticles is not limited to 100nm.
This information was adapted from technical as well as clinical
information on nanomaterials and nanotechnology from the
US National Nanotechnology Initiative and European Com-
mission. In fact, certain commercially available nanomedicine
compounds, such asMyocet and abraxane (130nm), are larger
than 100nm (180nm). To illustrate their inherent benefits in
relation to diagnostics and therapies, nanomaterials were
generally divided into three categories: organic, inorganic, or
hybrid nanotechnology. The vast majority, if not all, of organic
nanomaterial-based drug delivery systems make use of bio-
compatible polymers and liposomes, which have been similar
to the proteins, lipids, and carbohydrates found in people and
other animals. A field of investigation that is constantly devel-
oping is the creation of new biomaterials and techniques for
creating nanomedicine “designed principally for treatments”
in the framework of controllable size, consistency, percent
drug entrapment, and prolonged drug release. The unique
optical, electrical, and magnetic characteristics of metallic ele-
ments that belong to the inorganic nanoparticles make each
other an excellent idea for multifunctional biological devices
in optical and electrical detecting, diagnostic testing, photo-
thermal therapy, optogenetics, and a few other fields. These
metals include but are not limited to gold, silver, platinum,
iron, cobalt, titanium, and lanthanide. Additionally, stem cell
biology combined with nanomaterials and nanotechnology
has significant implications for regenerative medicine [10].
The next phase of nanomedicines is expected to deliver a
tailored, effective treatment with fewer adverse effects.
Nanomaterial-based scaffolding in tissue engineering provides
a biodegradable support allowing cell growth as well as infil-
tration that will eventually be spontaneously displaced by
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Viruses

Protozoa Multicellular
parasites

Bacteria

Fungi

Figure 1: Various types of pathogens.

2 BioMed Research International



RE
TR
AC
TE
D

new biological tissue. Targeting the illness site with smart
nanodevices for medication delivery will allow numerous
agents for sensing, high-resolution imaging, and therapy to
be released under regulated conditions in response to an exter-
nal trigger [11].

The usage of nanoparticles for illness detection, tracking,
management, preventative, and therapy is known as nano-
medicine, and it is a multidisciplinary field centred on the
usage of nanotechnology for medicinal purposes [12]. By
integrating powerful particles that would otherwise be inef-
fective owing to their inherent toxic effect; utilizing multiple
systems of action; maximising effectiveness while reducing
dosages and toxic effects; and providing drug targeting,
managed, and site-specific discharge, nanomedicine is aimed
at revolutionising medical care and exposing novel medica-
tions for both treatment and diagnosis. Nanomaterials,
nanoscale particles with extremely modifiable optical and
physical characteristics and the ability to assemble a huge
library of molecules, are among the most popular nanomate-
rials in nanomedicine [13]. As a result, bioinspired nanoma-
terials with improved surface biophysicochemical properties
have been produced using nanotechnology and biomimetic
techniques to deliver drugs and vaccines [14]. The function-
ing, difficulty, and biocompatibility of biomaterials are com-
bined with the diversity, adaptability, and repeatability of
synthetic nanomaterials to create these biomimetic nanopar-
ticles, which have a number of benefits [15]. Nature-inspired
nanomaterials themselves can be used as efficient nanothera-
pies or nanovaccines against infectious illnesses because of
their inherent activities. As an option, they might be used
as sophisticated nanocarriers to distribute treatments or vac-
cinations to precise locations.

Nanomaterials and nanotechnology are used often in anti-
bacterial, biosensors, nanomedicine, reinforcement, nanoelec-
tronics, water treatment, and other fields. However, using and
creating nanomaterials also comes with a lot of issues and dif-
ficulties. It is vital to find solutions for the problems of increas-
ing nanomaterial manufacturing, releasing nanomaterials into
the environment, and impacting environmental quality [16].

Additionally, prior to being given to the antigen-presenting
cells, nanoparticles could fully insulate antigen components,
speeding up the vaccine growth. In particular, regulatory
approval for mRNA vaccines administered via lipid nanopar-
ticles came in a record-breaking amount of time. Moreover,
when using deep learning techniques, it is feasible to enhance
predictive accuracy by refining the deep learning model’s
variables. In order to compensate for temporal aspects, the
gathered dataset in this research had added to it. To further
analyze the impacts of every dataset produced by the designing
process’ input variable combinations on outbreaks of infec-
tious disease and choose the better method with the greatest
predictive variable, additional testing of every input parameter
combinations is carried out. The effectiveness of the model’s
predictions is confirmed by contrasting it with viral disease
forecasting models that made use of deep learning. In the
end, it should be able to develop a system that can forecast
patterns about the prevalence of infectious diseases in a timely
manner using the findings from this study.

2. Related Works

Reverse transcriptase-polymerase chain reactions (RT-PCR)
have undergone extensive modification, which has aided in
the fight against the COVID-19 pandemic which has now
affected millions of people worldwide. In addition to RT-
PCR, radiographic imaging tests provide important informa-
tion for identifying as well as identifying this viral infection.
In order to effectively diagnose as well as manage COVID-19
disease, the paper developed a hybrid strategy utilizing com-
puter vision with machine learning. The study made use of a
variety of combinational frameworks of image filtering and
feature-extraction approaches, including machine-learning
techniques to separate COVID-19 positive patients from
healthy persons from the rest of the population using chest
X-ray pictures. It examined how many machine learning as
well as deep learning-based classifications performed while
using three noise removal filtering and two feature-
extraction strategies. The suggested techniques employ a

Air

Contaminated food

Transmission of infectious disease

Body fluids

Direct contact with
contaminated object

Animal vectors such as
insects, birds, bats

Figure 2: Various ways to the transmission of infectious disease.
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conservative normalizing filter: Crimmins speckle reduction
and Gaussian filter to first eliminate extraneous noise. Then,
to retrieve significantly distinctive feature sets, it uses linear
discriminant analysis (LDA) as a linear method combined
with principal component analysis (PCA) as a nonlinear
feature-extraction methodology. Finally, it trains separate
category methods, such as logistic regression, convolutional
neural network (CNN), and support vector machine
(SVM), using these feature sets (LG). Evidently, when com-
bined with LDA and SVM, the suggested conservative
smoothing filter with such a single peak to ensure symmetry
in both the vertical and horizontal planes for picture
improvement achieved a total accuracy rate of 99.93%.
According to experimental findings, the suggested model’s
computational time is greatly decreased by incorporating
feature-extraction techniques in addition to obtaining excel-
lent accuracy levels. The publication does, however, contain a
limited amount of dataset, which is a significant draw-
back [17].

Due to the development of technology for information
and communication as well as the current measurement
approach, the information captured from public health
monitoring has substantially expanded since the start of
the twenty-first century. AdaBoost, support vector machine,
random forest, decision tree, artificial neural network, Naïve
Bayes, and Bootstrap aggregating are supervised learning
techniques that may effectively control the classification
and regression problems in health data. By grouping patients
into subgroups and identifying anomalous patients, other
unsupervised learning techniques, such as K-means, may
help researchers narrow their emphasis on these medical
instances. In order to facilitate trustworthy disease-oriented
observation with projections in the technology age, this
study intends to emphasise the advantages acquired through
the application of Artificial Intelligence (AI) approaches. It is
expected that platforms for information management
including machine learning would make it possible to ana-
lyze numerous outbreaks of transmissible diseases. Govern-
ment organizations and healthcare organizations, including
healthcare experts, would be interested in risk analysis as
well as resource allocation based on the advances in syndro-
mic monitoring that result. It is intended that efforts to use
well-established theories and methodology from computer
science, information technology, clinical diagnostics, and
disease epidemiological would be made across disciplines
in order to construct a big data analytic methodology for
various disease conditions. A special calibration to disease-
specific circumstances may be needed for AI algorithms,
nevertheless. In other words, not every disease situations
could be amenable to a one-size-fits-all method [18].

Lipid droplet (LD) development, a crucial characteristic
of foam cells, makes atherosclerotic an alluring target for
therapeutic treatment. Nevertheless, despite improvements
in cellular scanning approaches, active foam cells can only
be studied with a restricted number of current noninvasive
as well as quantitative analysis. Here, researchers carried
out a label-free quantitative morphology and physiological
characterization of active foam cells utilizing optical diffrac-
tion tomography (ODT). By confirming the exact optical

properties with correlated scanning that combined three-
dimensional imaging techniques with ODT, researchers were
able to identify LDs in foam cells. Researchers accurately and
quantitatively assessed the therapeutic value of a nanodrug
(mannose-polyethylene glycol-glycol chitosan-fluorescein
isothiocyanate-lobeglitazone; MMR-Lobe) intended to affect
the therapeutic efficacy of lobeglitazone to foam cells derived
from high mannose receptor specificity. This was done by
time-lapse tracking of tridynamics of label-free living foam
cells. Moreover, researchers performed treatment assessment
at the single-cell level using a machine attempting to learn
picture analysis. Such findings imply that refractive index
assessment is a useful method for researching new medica-
tions for metabolic illnesses associated with LD. In conclu-
sion, by observing the biological and morphological
features in active cells without the use of exogenous labeling
reagents, researchers were able to identify atherogenic foam
cells and differentiate them from macrophages. The research
also shows that the ODT approach, which enables 3D track-
ing of specific LDs in living cells, may be used to evaluate
therapeutic medicines in real time, including targeted nano-
particles, in lipid-containing cells. Inflammatory reactions
via lipid as well as cholesterol accumulation are intimately
linked to metabolic diseases such as cancer, obesity, and dia-
betes mellitus in addition to atherosclerosis. As a result, they
think that the label-free and quick 3D ODT technique in
combination with cutting-edge machine-learning techniques
could offer easily comprehensible and significant assessment
of drug efficacy to find new treatments for treating various
metabolic illnesses. The proposed technique has not been
able to validate the existence of some viruses linked to partic-
ular disorders [19].

For disorders like diabetes and heart disease, nanomedi-
cine techniques were first modified and then effectively trans-
lated to medical applications. Unmet medical demands
associated with diseases like leishmaniasis could undoubtedly
be helped by these measures. In its visceral form, the latter
damages internal organs and results in skin blisters. The goal
of treating cutaneous leishmaniasis (CL) is to hasten the heal-
ing of wounds, lessen scarring and cosmetic morbidity, stop
the spread of the parasite, and avoid relapse. However, the effi-
ciency of existingmedications is subpar, and none of themwill
be created expressly to address this illness condition. Diabetic
wounds were getting treated in clinics employing cell growth
utilizing nanobased devices along with drug administration.
In order to achieve nonsurgical healing of wounds, targeting
subsequent bacterial infection, as well as minimise drug toxic-
ity, researchers therefore critically evaluate the application of
nanomedicine-based techniques to cure CL injuries in this
study. Secondary microbiological infections are a significant
side effect of CL. Leishmaniasis-ulcerated lesions were
extremely vulnerable to infectious diseases, which lead to
purulent discharges, further skin tissue destruction, necrosis,
and inflammation, so extending the illness and delaying heal-
ing. An effective treatment must be capable of treating certain
concurrent secondary infections as well as the parasite load,
lessening the financial and medication burden on caregivers
and patients. The difficulty is compounded by the fact that
the origin of the Leishmania parasite determines how the sores
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develop. The well-being of CL individuals could benefit from
an innovative strategic approach that combines machine
learning, clinical experience, nanomaterials, and scaffold tech-
nology. Sandflies must be readily available, and rates of infec-
tion must be maintained over time, for this strategy to
work [20].

A health care-associated disease called Clostridium
(Clostridioides) difficile infection (CDI) can have significant
consequences. Admission to the intensive care unit (ICU),
toxic megacolon growth is in need for a colectomy or mor-
tality, which is all possible consequences. It can be difficult
to pinpoint the patients who are most prone to experience
complex CDI, though. In order to do this, researchers inves-
tigated the usefulness of a machine-learning (ML) strategy
for complications risk categorization utilizing electronic
health record (EHR) data. They took into account adult
subjects who require a CDI diagnosis at the University of
Michigan hospitals during October 2010 and January 2013.
If the infection led to an ICU admission, a colectomy, or
30-day death, the case was classified as complex. Researchers
developed a model for predicting subsequent problems on
every one of the three days following diagnosis using EHR
data. Researchers contrasted the EHR-based model with
one that relied only on a select number of hand-selected fea-
tures. Utilizing a held-out data set, they assessed predictive
accuracy in terms of the area under the receiver operating
characteristic curve. Eight percent of the 1118 CDI individ-
uals experienced complications. The approach achieves an
AUROC of 0.69 on the day of diagnosis. Performance
improved and outperformed a model built on a carefully
selected set of features when using information taken two
days following CDI diagnosis. We can precisely categorize
CDI cases based on their propensity to experience problems
using EHR data. Future clinical research looking into inter-
ventions which might stop or lessen complex CDI might
follow such a methodology. The investigation does not, how-
ever, examine whether elaborate CDI definitions drawn only
from the EHR are acceptable. Additionally, we cannot rule
out the chance that patients may encounter the outcome in
a different hospital, and as a result, we may have overesti-
mated the severity of CDI consequences [21].

A public health problem is the introduction and quick
transmission of multidrug-resistant bacterial pathogens. The
abuse as well as excessive use of antibiotics, which hastened
the development of antibiotic-resistant strains, is to blame for
this emergence. The nanoscale, which ranges from 1 to
100nm, is made up of things called nanoparticles (NPs), which
have all three exterior dimensions. Because of the increase in
nosocomial as well as community-obtained diseases brought
on by pathogens, study on NPs with improved antibacterial
activities as antibiotic substitutes has accelerated. Nanoinfor-
matics has made use of machine-learning (ML) technologies
with encouraging outcomes. Due to their clear successes on a
number of predictive tasks, ML approaches are piquing the
interest of many different stakeholders. Throughout the study,
researchers provide a machine-learning (ML) technique that
accurately predicts the antibacterial capability of NPs, with pos-
itive findings from the model’s validation (R2 = 0:78). Key
physicochemical (p-chem) characteristics and experimental set-

tings (exposure factors and bacterial clustering) from in vitro
investigations were collected following an examination of the
literature comprising 60 papers. Researchers trained a variety
of logistic regression after homogenising and processing the
data, followed by an evaluation process using a range of perfor-
mance indicators. Finally, a ranking of the traits that are most
crucial for predicting the result—known as an important attri-
bute evaluation—was done. According to attribute significance,
themajor factors in determining the antibacterial impact of NPs
are the NP core size, the exposed dose, and the bacterial species.
Depending on their p-chem characteristics and different expo-
sure settings, the tool aids a variety of stakeholders including
scientists in forecasting the antimicrobial properties of NPs.
Through combining functionality tools, this idea also supports
the safe-by-design approach. The research emphasises the want
for further data, alerting the research establishment to the
dearth of comprehensive information about the antibacterial
capability of NPs [22].

With the development of nanotechnology, researchers
are witnessing a shift in the global economy and deep infil-
tration of nanoproducts ranging from essentials to cutting-
edge electronics, healthcare, and pharmaceuticals. Nanopro-
ducts should be closely controlled to prevent undesirable
consequences because they can have unfavourable side
effects. The limitations of conventional safety evaluation
methods are highlighted by the toxicity as well as safety con-
cerns that would arise with relation to the rapid integration
of nanomaterials with different functionalities and proper-
ties into consumer products. The simulation and modelling
of nanobiointeractions are presently expected to benefit
from artificial intelligence and machine-learning techniques,
and this extends to the postmarketing monitoring of nano-
materials in the actual world. In order to gain unique
insights on the disruption of complex biological activities
following integration with nanoparticles, machine learning
might be combined with biology including nanomaterials.
The possibility of integrating integrative omics with machine
learning in assessing nanomaterial security and risk evalua-
tion is discussed in the paper, along with advice for regula-
tory bodies. In order to investigate the security as well as
risk evaluation of pre- and postmarketing monitoring of
nanomaterials, the paper focuses on the synergistic integra-
tion of AI methodologies with biological information.
Researchers have also seen a rise in the integration of a wide
range of information, from molecular to clinical, while using
DL to investigate the end points of nanotoxicity caused by
the intricate interplay of multiple biological systems. Each
omics research is a big data enterprise, necessitating a lot
of digital backups, powerful computers, and the statistical
know-how required to work with large data sets. However,
since researchers do not know how neural networks arrived
at a specific result, they cannot establish their reliability for
ongoing drug discovery [23].

3. Materials and Methods

3.1. Study Layout. Patients admitted between 2015 and 2020
at a sizable general hospital have been chosen as the study
objective in this investigation. Initially, a quality control
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procedure was used in this study to examine the EHRs’ eligi-
bility. 305,762 medical records have been left after removing
those with missing information, conflicting data, or follow-
up data. The dataset has been subsequently filtered using
the inclusion criteria listed in Figure 3: (1) the department
dealing with infections must be the admittance department.
(2) Information about noncommunicable illnesses is
excluded. (3) Additional infectious illnesses and infectious
subillness that are not infectious have been excluded.
10,950 medical records were found to be eligible after pro-
cessing, with 42.65 years of average age. Men made up
47.95%, and women made up 52.05 percent.

3.2. Data. It is necessary to have patient medical data with a
variety of specific details for the identification of infectious
illnesses. The Medical Data Center was primarily used in this
investigation to gather the medical data. Information from
the outpatient as well as inpatient departments is pooled to
increase the dataset due to the dearth of individuals with
infectious disorders. Data has been taken out of electronic
medical records (EMRs) that are not organized. Prior to
actually training the prognosis model, this information
needs to be handled in a number of phases due to its lack
of homogeneity. For instance, the knowledge base takes the
role of the alias and subcategory identities of the traits and
illnesses employed in the database.

Natural language processing (NLP) techniques and regu-
lar expressions have been used in this study to produce fea-
tures. The training databases have been then vectorized and
organized. Consideration is given to a vast array of data that
significantly affects infectious diseases. The information used
to construct the training system are shown in Table 1. The
sample has been labeled with a medical prognosis, and the
rest obtained information is employed as the system’s input
feature. The data consists of five different types of files: lab-
oratory test reports, outpatient records, admission records,
patient personal data, and evaluation reports.

3.3. Unorganized Data Processing. The patient’s complete,
precise, and thorough personal health data are contained
in the EMRs. In order to extract a significant amount of
potentially useful information, our research carefully analy-
ses and mines the data in the EMRs. Nevertheless, unorga-
nized free text information makes up a significant amount
of the information in the EMRs in complement to organized
information like medical laboratory test outcomes. The free
text has numerous ambiguities and possible polysemy in
every section. Unstructured data is typically challenging for
prototype training to comprehend and utilize. This informa-
tion may be successfully transformed by NLP into organized
information that the system can identify, which forms the
basis for building the model of supplemental diagnostics
for infectious diseases [24]. Among the essential NLP oper-
ations for information retrieval as well as processing deep
semantics, encompassing named entity identification, word
meaning, word tagging, and keyword extraction, is sequence
labeling. EMR sequence tagging can be used to identify items
such as illnesses, symptoms, medications, laboratory tests,
and the connections between them. The present open-

source approach recurrent neural network- (RNN-) artificial
bee colony (ABC) optimization, which successfully executes
sequence annotation, provides the foundation for this
research. RNN-ABC is used in this study together with the
rule framework and other techniques to achieve the actual
EMR information extraction. After executing word segmen-
tation, the study first inputs the serialized word into the
RNN layer, where the hidden state findings are then inte-
grated to produce the RNN output.

Then, the RNN-ABC network architecture is created by
sending the RNN outcome to ABC as to even the input.
Depending on the RNN element, this architecture success-
fully keeps the data preceding and following the entire sen-
tence and extracts the feature data within the phrase. It
incorporates the benefits of RNN with ABC. It can efficiently
learn the limited data in the training corpus and increase the
precision of information retrieval with the aid of the ABC
layer. The layers of RNN-ABC are shown in Figure 4. The
RNN and ABC extraction outcomes are then saved in the
system. At this point, the free text information from the suf-
ferer’s medical data is converted into organized field feature
information. In order to enter the field information into the
deep learning (DL) framework, it is also necessary to operate
the organized data using feature engineering. The informa-
tion has been processed to include both continuous and dis-
crete statistical elements. Continuous statistical features like
systolic blood pressure, body temperature, and diastolic
blood pressure should be evaluated first for aberrant values
before filtering out those that substantially deviate from the
usual value range. Then, continuous characteristics will be
normalized to the threshold [0,1] in an attempt to remove
the negative effects of differing dimensions between distinct
characteristics on prototype training. For item aliases like
symptoms, illnesses, and indications, conventional names
have been then used in place of the item aliases for distinct
aspects like gender, manifestations, and past illnesses. The
feature description and its chapter description must also be
combined. The same item information may appear in vari-
ous chapters of the medical file, but they could have distinct
medical interpretations.

One depicts the current primary manifestations, whereas
the other indicates the complaints that have occurred in the
prior, i.e., the previous history. For instance, the symptoms
name in the primary complaint will be similar at the time
point in the latest medical history. As a result, research must
combine feature names predicated on chapters, like “pri-
mary complaint” and “prior history” when referring to a
femoral neck fracture. In order to encode the fundamental
category characteristics with 0/1 in high-dimensional form,
one-hot coding has been then used. Table 2 displays the
information following word segmentation and transforms
it into a characteristic; a number of 1 denotes the presence
of this characteristic, whereas a number of 0 denotes its
absence.

258,590 dimensional features have been collected as
system input data following interpreting discrete and contin-
uous features, containing patient personal data with 2-
dimensional features like age and gender. There are 217,229
dimensional features in the inpatient and outpatient data.
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There are 1,892 dimensional features in the lab testing out-
comes. 28,519 dimensional characteristics can be found in
examination data. Additionally, one-hot coding has been
used to diagnose the sample’s learning label. Following the
aforementioned procedures, 10,950 samples in overall have
been acquired. Table 3 lists the number of cases for each
group of infectious diseases.

3.4. Model. The detection of infectious illnesses has been typ-
ically accomplished using the classification machine-
learning (ML) technique. This research also took into con-
sideration other factors in the present multiclassification
challenge of simultaneous detection of several infectious
illnesses using ML-based classification technique. This

research uses a multiclassification technique to convert a
two-class ML framework into a multiclass framework. The
ML model includes logistic regression (LR), random forest
(RF), Naïve Bayes (NB), and support vector machine
(SVM). The workflow of the research is shown in Figure 5.

3.4.1. Proposed DL Autoencoder for Infectious Disease
Identification. The input, hidden, and output layers make
up the multiclass neural network (NN) fundamental struc-
ture. When implemented to multiclassification, the NN
assignments, the ultimate output layer’s activating function
ought to be the softmax function to ensure that the network
may compute the classification chances of many categories
concurrently, with the group with the highest classification
probability which was the final identification result. A DL
autoencoder has been created in this work for a number of
prevalent infectious disorders. High-dimensional data or
sparse data with higher 0 values makes training computa-
tionally complex and makes it challenging to improve the
model. Consequently, the technique for compressing data
and extracting features must be used. Autoencoder DL has
been employed to efficiently conduct extraction of features
and representation of features on higher dimensional data
due to the significant number of sparse datasets in medical
information. Sparse data may be densified using the autoen-
coder to make the system simpler to learn and to produce
better outcomes. The autoencoder trains the properties of
the samples as the NN input and the model label, simulta-
neously; therefore, it does not have to use the infectious dis-
ease classification to which the samples correspond as the
label throughout the optimization procedure.

It utilizes the sample’s conceptual properties to describe
the Z vector through reducing the reconstructive error (mid-
dle hidden layer’s output vector). Figure 6 depicts the basic
components of the autoencoder system used in this research,
including the decoder, hidden layer, and encoder. Two-layer
NN is present in both the decoder and encoder. The

2015–2020
323,774 patients

Medical records have been
relatively accurate = 305,762

patients

18,012 patients are excluded due
to incomplete medical data

290,236 patients are excluded
due to non-infectious diseases

4,576 patients are excluded due
to non-infectious sub-illness

Legal infectious illness = 15,526
patients

Five infectious illness eligible after
processing = 10,950 patients

Figure 3: Enrollment flowchart.

Table 1: Important details obtained from medical data.

Target data category Particular extraction

Patient personal data

Gender

Age

Visiting time

Medical history

Current disease history

Medication

Main complaint

Anamnesis

Physical examination

Blood pressure

Respiratory rate

Temperature

Pulse

Examination data

Results

Evaluation item name

Value range

Laboratory test data
Item name

Results
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encoder’s two-layer network has anywhere from being more
to fewer neurons. However, the middle hidden layer has just
one NN. In order to reinstate the hidden layer’s output to
the initial characteristic dimension, the autoencoder first
compressed the initial higher dimensional sparse vector
towards the lower dimensional hidden layer via the encoder
NN. The difference between the ultimate model outcome as
well as the calculated original features is less, indicating that
the less information that was lost throughout the compres-
sing procedure to the hidden layer that may resemble the

original feature after compression, the better. The frame-
work’s decoder component is removed once the autoencoder
has been pretrained, and the Z vector outcome from the
hidden layer has been then directly utilized as the actual
characteristic dense representation and given to the next cat-
egorization model. Considering that distinct medical data
contains varied kinds and amounts of characteristics, this
research creates separate autoencoder systems for varying
records in the densification operation so as to acquire their
own more efficient abstract characteristic representations.

In more detail, there are 4096 and 1024 neurons in
each of the encoder’s two layers, 256 neurons are inside
the hidden layer, and 1024 and 4096 neurons are in each
of the decoder’s two layers. The decoder outcome’s 4096
dimension is then plotted corresponding to the input
functionality dimension as well as the input information
in order to compute the losses. Two autoencoders have
been trained in accordance with the model’s architecture,
one for information for outpatient care, an admissions
record, as well as an inspection data. Lastly, each autoencoder
enters the actual high-dimensional sparse data’s dense vector
representation obtained from the 1024 hidden layers output
into the ensuing self-attention component. After learning,
the autodecoder encoder’s component is removed, and the
residual structure has been then merged with the self-
attention component. In particular, the coding vector hold-
ing the patient’s personal details is joined with the dense
information provided by the hidden units in the two autoen-
coders, resulting in an overall of 1045 dimensional character-
istics. The merged vectors undergo the layer normalization
method’s normalization step before being input into the fol-
lowing classification framework. The self-attention compo-
nent then receives the results. After being acquired from

Input
layer

Serialized
words RNN output Extraction

process
Extracted

feature data

Hidden
layer

Hidden
layer ABC Output layer

Figure 4: RNN-ABC layers.

Table 2: Transformation of data into features following word
segmentation.

Data
Case

number
1 2

Fractured femoral neck
Major complaint (pain) 1 0

Past history 0 1

Main complaint symptoms
Fever 1 0

Chest pain 1 1

Temperature 0.92 0.88

Table 3: Infectious disease samples.

Category of infectious illness Samples

Syphilis 942

Measles 160

Influenza 3458

Tuberculosis 2620

Viral hepatitis 3770
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several papers, the dense vector one feature value space does
not contain all autoencoders. The whole vector is normalized
using layer normalization to lessen the influence of the afore-
mentioned problems on the training outcomes. The dense
vector is appended to the outcome of the self-attention com-
putation, and the addition outcome is then explicitly added
to the NN computation outcome. In order to produce the rel-
evant probability of infectious illnesses, the model ultimately
utilizes softmax as an activation function to classify infec-
tious diseases simultaneously.

3.4.2. Naïve Bayes (NB). The Naïve Bayes (NB) ML method
is employed to identify infectious diseases. NB classifiers are
probabilistic classifiers that were developed using the NB
theorem. The NB approach of classification seems to be a

quick and efficient approach. One of NB’s primary benefits
is that it is an extremely scalable method. The NB classifier
basically asserts that the existence of one feature does not
preclude the existence of any other qualities in the category.
This theory has been adopted in classifying the infectious ill-
ness:

Q∗ = argmaxQP
Q
D

� �
, ð1Þ

Q∗ = argmaxQP
Q
D

� �
× p Qð Þ

p Dð Þ
� �

, ð2Þ

where Q is the infectious disease and D is the processed data.
This classification technique assumes that all feature values

Medical
records

Patient
information

Infectious disease
information

Data
processing

Classification
models

Proposed auto
encoder

Merge data Clean data RNN-ABC Encoding data

Performance
accuracy

LR
NB
SVM
RF

Figure 5: Workflow of research.

Input: Sparse data

Encoder

Hidden layer

Decoder

Output

Output of hidden
layer

Figure 6: Proposed autoencoder architecture.
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are completely independent and examines the relationship
between each feature and each class in a processed data.
Each feature is assessed separately, and a conditional proba-
bility has been calculated for the associations between attri-
bute values and classification. The classification with the
highest probability score has been selected as the predicted
class.

3.4.3. Support Vector Machine (SVM). Support vector
machines (SVMs) are one of the most employed disease clas-
sifiers. Among the tactics employed in supervised ML are
SVMs. SVMs use a training method to develop a classifier
that will be used to assign new, unclassified diseases to one
of the numerous established categories. SVMs can be used
in both linear and nonlinear illness classification. Addition-
ally, SVMs could be applied to supervised and unsupervised
learning. A hyperplane or a set of hyperplanes is created by
SVM and used for classification. Moreover, in SVMs, the
classes are in the form of hyperplane, which is shown in

S:G + b = 0, ð3Þ

where S is the vector’s weight, G is the input vector, and b
denotes bias.

3.4.4. Logistic Regression (LR). A binary classification
approach predicated on the integration of a linear regression
framework with a sigmoid activation function was called a
logistic regression strategy. The prototype has a straightfor-
ward layout. The logistic regression framework simply has a
single level of weight, as opposed to the deep neural network,
making its weight easier to comprehend. The prototype out-
put’s value range falls between [0, 1], which could be inter-
preted as the likelihood of falling into a particular class. In
logistic regression, the result variable was binary. As a classi-
fication model, it is employed to categorize observations into
a finite set of categories and heavily relies on probability.

3.4.5. Random Forest (RF). A vast number of decision trees
have been constructed in this method as they work together.
The cornerstones of this method are decision trees. Another
notion that is created utilizing the decision tree method is to
create a decision tree. These trees make up the random forest
that has been employed to categorize new objects from such
an input vector. For categorization, each decision tree that is
generated has been used. The ensemble method known as
the random forest has been used to create predictive algo-
rithms for both categorization and regression issues. It is
made up of a random assortment of trees that produce the
desired results. It adheres to the group learning approach.
These decision trees decide towards the most well-liked cat-
egory in classification issues, although in regression issues,
the answer of the tree seems to be an approximation of the
contingent parameters given the determinants.

3.5. Evaluation Metrics. According to the autoencoder
approach, the initial diagnosis is accurate if it agrees with
the patient’s clinical diagnostic; if not, it is mistaken. Disease
outbreaks are provided mainly from other noncommunic-
able diseases in accordance with healthcare safety manage-

ment guidelines. As a result, the order of diagnosis has no
bearing on the reliability of infectious disease diagnosis.
Table 4 displays the confusion matrix that the multiclassifi-
cation method assumes (three categories were given as illus-
trations). Sj,l specifies the number of entries whose real
labeling is l in which the analysis prior j. F signifies the total
amount of categories of multiple classifications, and TPk
denotes the number of observations whose real label is k
for which the model predicts l. The multiclassification con-
fusion matrix specification is used to analyze the model’s
overall prediction accuracy and performance. The particular
formula is in

A = ∑F
l Tl

∑F
l Tl +∑F

l ∑
F
j≠lSl,k

× 100: ð4Þ

Precision and recall are employed in Equations (5) and
(6) to evaluate the multiclassification model’s prediction
effectiveness in order to more thoroughly enhance it.

Pl =
Tl

Tl +∑F
j≠lSj,l

, ð5Þ

Rl =
Tl

Tl +∑F
j≠lSl,j

: ð6Þ

4. Result and Discussion

The outcomes of the classification research employing the
autoencoder for the identification of several infectious dis-
eases are presented in this section. The experiment’s whole
data set was derived from genuine hospital medical records.
The infectious disease data is first employed to filter the nor-
malized infectious disease names, after which it is utilized to
weed out the tuberculosis-related subdiseases that are not
pathogenic. For instance, tuberculosis of the thyroid and
the kidney is listed under the kind of TB that is not conta-
gious. Secondly, bacterial infections with less than 10 cases
each quarter were excluded to guarantee the balancing of

Table 4: Performance metrics evaluated using multiclass approach.

Labels
Identification outcome

1st class 2nd class 3rd class

1st class T1 S1,2 S1,3

2nd class S2,1 T2 S2,3

3rd class S3,1 S3,2 T3

Table 5: Outcome following autoencoder training through
different amount neurons.

Amount of neurons Accuracy of testing set

256 79.2%

1024 87.7%

4096 90.3%
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the data utilized in the learning algorithm as well as the test-
ability of the model’s predictive capability. Lastly, seven con-
tagious diseases have been foreseen and confirmed. Word
segmentation as well as entity recognition techniques imple-
mented using RNN-ABC methodology is used to create the
input data for the autoencoder for the training of records
relating to infectious diseases and change the format using
one-hot encoding. Finally, 20,620 research-ready samples
of top-notch clinical records are obtained. 16,496 samples
from the training set make up 80% of the data, whereas
4124 samples from the test set make up 20%. The study uti-
lizes a total of 1024 neurons in the intermediate layer and an
autoencoder that transforms the 395,936-dimensional sparse
data into a 1024-dimensional dense vector. 256 feed-forward
neurons make up the categorization structure. 32 epochs
were used to train the model in this investigation, with a
training rate of 0.001. Only the model from the test set with
the lowest loss is kept after the operation is terminated, and
learning is halted when the loss reaches 10 epochs.

There are 32 training epochs that are useful. Addition-
ally, autoencoders are constructed that had various numbers
of hidden layer neurons, ranging of 256, 1024, and 4096.
Table 5’s findings demonstrate an increase in hidden units
from 256 to 1024, as the succeeding multiclassification find-
ings are enhanced. The precision of the model does not, nev-
ertheless, significantly increase when the amount of neurons
increases beyond 1024. 1024 is ultimately chosen as the
perfect amount of hidden layer neurons after taking the
prediction error, calculation effectiveness, and subsequent
practical deployments as well as application into account.

Through the study, it was discovered that the model,
whose objective is to overcome the multiclassification task
of concurrently estimating every classifications, is compara-
ble to training all classifications with the same amount of
epochs that makes it more susceptible to a poorly balanced
number of categorization specimens. The metrics of cate-

gory mass as well as numerous tasting for categories with a
limited number of samples are incorporated in this study
to address the issue of unbalanced tests. Lastly, the test set’s
overall accuracy of the model for all infectious diseases is
89.52%. Table 6 lists the specific outcomes for every infec-
tious disease.

Table 6 shows that in the trial for diagnosing several
pathogens, autoencoder produced better prediction out-
comes. Related traits are utilized to diagnose similar disor-
ders, and the category weight is changed accordingly. In
comparison to disease categorization with less sample data,
categorization of diseases with more sample data has much
higher prediction accuracy. For instance, the training data
included 3845 and 2915 cases of viral hepatitis and flu corre-
spondingly, and the associated test recall levels were 98.2%
and 94.8%. Syphilis and measles, in comparison, have much
less training sets that are the equivalent test recall rates for
1,302 and 180 which are 81.2% and 43.1%, respectively.
The prediction rate is significantly impacted by the growth
of the elements that interfere with the illness diagnosis fea-
ture. In the case of tuberculosis, the sample size is 3240,
and the prediction overall accuracy is 74.3%. Additionally,
there are both positive and negative etiologies for tuberculo-
sis, as well as the clinical diagnosis of the condition is more
difficult than that of viral hepatitis, influenza, and other ill-
nesses. The features of contagious diseases, however, cannot
be learned properly throughout training for infectious dis-
eases that have little data, including measles, and the reliabil-
ity of the training set is low. As a result, the accuracy of the
testing dataset is also low, as well as the model could not be
widely validated using a small test set. To further demon-
strate the model’s efficacy for illnesses with less data samples,
the data volume must be raised.

It is evaluated to the classic ML algorithms CRF, HMM,
and deep learning models LSTM-CRF BiLSTM-CRF with
the suggested RNN-ABC for information extraction. Twenty

Table 6: Testing and training outcome for autoencoder.

Pathogenic infections
Amount of
training data

Accuracy of
training set

Amount of
testing data

Recall of
testing set

Precision of
testing set

F measure

Measles 180 38.1% 70 43.1% 49.1% 1.2223

Tuberculosis 3240 84.2% 2045 74.3% 89.2% 0.7448

Hepatitis 3845 98.1% 615 98.2% 88.1% 0.9578

Influenza 2915 96.3% 910 94.8% 89.1% 0.9125

Syphilis 1302 79.9% 305 81.2% 90.3 0.9001

Table 7: Detection of F1 measure, recall, and accuracy of entities.

Methods
Symptoms Lab tests Screening examination Diagnosis

Rec Acc F1-m Rec Acc F1-m Rec Acc F1-m Rec Acc F1-m

CRF++ 72.3 71.4 78.0 77.9 84.5 69.8 72.6 88.7 80.6 88.2 88.6 82.1

LSTM-CRF 76.9 69.7 79.2 78.1 80.5 77.2 84.6 89.6 90.8 80.2 78.8 74.2

HMM 54.3 85.3 87.5 81.8 87.8 82.5 91.2 90.2 91.5 89.6 88.5 80.2

BiLSTM-CRF 87.5 88.4 90.1 87.5 87.8 91.8 90.6 91.2 82.6 85.3 84.1 82.1

RNN-ABC 98.9 96.9 95.3 94.0 93.4 92.4 97.2 92.4 93.2 90.3 92.4 90.2

11BioMed Research International



RE
TR
AC
TE
D

six thousand two hundred twenty two electronic medical
record data containing five kinds of entity labels—disease
diagnosis, symptom, medication, laboratory test, and imag-
ing examination—are identified using the model. 15,678
samples from the training set make up 80% of the data,
whereas 3481 samples from the test set make up 20%. Fol-
lowing training, Table Table 7 presents the comparison’s
findings. The DL model outperforms the conventional
machine-learning approach overall. In comparison to the
87.5% of the BiLSTM-CRF model, the F1-score of the
RNN-ABC model is 98.9% on average across five different
types of entities, particularly in the imaging examination
entity. However, it is clear that the two-way LSTM structure
more accurately pinpoints the entity border.

A comparison is made between the autoencoder model
and other models from existing studies. The comparable
conclusion is given in Table 8 using the similar data source.
When it comes to the classification of bacterial infections
into many categories, the autoencoder method is superior
to other methods. The autoencoder model is also noticeably
superior than the other approaches, also for tuberculosis that
is challenging to partition. This demonstrates the model’s
superiority within the multiclassification of unstructured
infectious illness clinical data.

Figure 7 shows the comparison cohort of the existing
and proposed method. This study suggests autoencoder
experimentation along with existing approaches applied in
different research. Using viral hepatitis as an illustration,

the precision of 95.17% of autoencoder is much greater than
random forest, SVM, logistic regression, and the Bayesian
approach. The same is true for other illnesses. These results
attest to the value of AI-based assisted making choices for
infectious illness diagnosis with more effective diagnosis.

5. Conclusion

Viral infections rank among the leading causes of illness and
mortality, having a significant influence on the health and
economy of every country on the planet. The provision of
high-quality healthcare as well as the management and pre-
vention of these illnesses is all improved by the capacity to
predictably diagnose viral infections. Since the recent growth
of nanotechnology as well as their excellent chemical and
physical capabilities, such as their small size and synthetic
surface properties, nanomaterials are now widely used in
the medical business. Nanomedicine refers to the use of
nanoparticles for disease detection, surveillance, control,
prevention, and therapy, such as the dealing of pathogenic
diseases. The foundation of the broad field of nanomedicine
is the application of nanotechnology to medical goals.
Among the most used nanomaterials in nanomedicine are
nanoparticles, which have a nanoscale dimension, highly
controlled optical and physical properties, and the capacity
to bind to a wide range of substances. The recurrent neural
network-artificial bee colony (RNN-ABC) approach was
used to process the data. To improve the effectiveness of sys-
tem learning, methods for sparse data densification are car-
ried out by the autoencoder. Other popular models, such
as support vector machine, logistic regression, random for-
est, and Naïve Bayes, were compared to the recommended
autoencoder system. The outcome shows that the suggested
autoencoder method could predict viral illnesses better than
existing approaches. The techniques utilized in this study
may help to eliminate reported lags in present monitoring
systems, cutting costs for society.
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Table 8: Comparison of disease diagnosis among proposed autoencoder and existing methods.

Pathogenic infections Proposed autoencoder SVM NB RF LR

Measles 60.65 56.38 56.38 54.26 56.38

Tuberculosis 86.88 83.08 80.21 76.29 82.31

Hepatitis 95.17 90.03 88.29 84.44 85.49

Influenza 99.44 96.19 90.13 85.19 91.26

Syphilis 95.38 91.51 89.47 82.27 90.49
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methods.
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Bupivacaine (BUP) may cause neurotoxic effects after spinal anesthesia. Resveratrol (RSV), a natural agonist of Silent information
regulator 1 (SIRT1), protects various tissues and organs from damage by regulating endoplasmic reticulum (ER) stress. The aim of
this study is to explore whether RSV could alleviate the neurotoxicity induced by bupivacaine via regulating ER stress. We
established a model of bupivacaine-induced spinal neurotoxicity in rats using intrathecal injection of 5% bupivacaine. The
protective effect of RSV was evaluated by injecting intrathecally with 30 μg/μL RSV in total of 10μL per day for 4 consecutive
days. On day 3 after bupivacaine administration, tail-flick latency (TFL) tests and the Basso, Beattie, and Bresnahan (BBB)
locomotor scores were assessed to neurological function, and the lumbar enlargement of the spinal cord was obtained. H&E
and Nissl staining were used to evaluate the histomorphological changes and the number of survival neurons. TUNEL staining
was conducted to determine apoptotic cells. The expression of proteins was detected by IHC, immunofluorescence, and
western blot. The mRNA level of SIRT1 was determined by RT-PCR. Bupivacaine caused spinal cord neurotoxicity by
inducing cell apoptosis and triggering ER stress. RSV treatment promoted the recovery of neurological dysfunction after
bupivacaine administration by suppressing neuronal apoptosis and ER stress. Furthermore, RSV upregulated SIRT1 expression
and inhibited PERK signaling pathway activation. In summary, resveratrol suppresses bupivacaine-induced spinal neurotoxicity
in rats by inhibiting endoplasmic reticulum stress via SIRT1 modulation.

1. Introduction

Bupivacaine, an amide-type local anesthetic, is one of the most
widely used local anesthetics for surgical anesthesia and pain
management. Previous studies have reported that bupivacaine
might be neurotoxic and even clinically recommended dose of
bupivacaine also can cause severe neurological complications,
which brings extra medical and economic burden to the
patients and their families [1–3]. However, the exact mecha-
nism underlying the neurotoxicity of bupivacaine is unclear.

Endoplasmic reticulum (ER) stress, which results from the
accumulation of misfolded proteins triggered by nutrient depri-
vation, hypoxia, and calcium overloading, is a highly evolution-
arily conserved stress response pathway [4]. As it may facilitate
cell death, ER stress is crucial for the pathological process of neu-
ronal damage [5]. Our previous study has revealed that ER stress
can cause mitochondrial dysfunction and apoptosis and aggra-
vate the neuronal injury, which is vital for bupivacaine-induced
spinal neurotoxicity [6, 7]. Therefore, alleviate ER stress maybe
the treatment target of bupivacaine-mediated neurotoxicity.
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Resveratrol (RSV), a natural agonist of SIRT1, protects
various tissues and organs from damage by regulating ER
stress [8–10]. However, the effect of RSV on spinal neuro-
toxicity induced by bupivacaine is unclear. The aim of this
study is to explore whether RSV could alleviate the neuro-
toxicity induced by bupivacaine via regulating ER stress.
Findings from this study may highlight RSV as a potential
agent for alleviating bupivacaine-induced spinal
neurotoxicity.

2. Materials and Methods

2.1. Animals. All experimental protocols adhered to National
Institutes of Health guidelines for the Care and Use of Lab-
oratory Animals (No. 8023, revised in 1978) and were
approved by the Animal Care and Use Committee of
Guangxi Medical University (No. SYXK GUI 2020-0004).
In total, 48 male Sprague-Dawley rats (8–10 weeks, weight-
ing 250–300 g) were obtained from Animal Experimental
Center of Guangxi Medical University and housed in sepa-
rate cages of standard living conditions (temperature: 23 ±
2°C, relative humidity 50 ± 10%, and 12 : 12 light/dark
cycles). All rats had free access to standard rodent chow
and water.

2.2. Intrathecal Catheterization and Groups. Intrathecal cath-
eterization was done as previously described [11]. Before sur-
gery, animals were anesthetized using 1% pentobarbital
sodium (50mg/kg, i.p.). Next, a 2 cm longitudinal dorsal mid-
line incision was made in the L4–L5 gap. The subarachnoid
space was then cannulated using a polyethylene catheter
(PE10, Smiths Medical, Lower Pemberton Kent, UK) through
the puncture point of ligamentum flavum and advanced by
1.5 cm in the cephalad direction. The distal end of the catheter
was then closed and fixed subcutaneously. The rats were then
housed in separate cages for 1 day for recovery before being
randomly split by SPSS software (n = 12 per group) into the
saline group (group saline), bupivacaine group (group BUP),
bupivacaine+resveratrol group (group BUP+RSV), and bupiv-
acaine+DMSO group (group BUP+DMSO). RSV and BUP
were purchased from Sigma-Aldrich (St. Louis, Missouri,
USA). RSV was dissolved in 20% DMSO. The saline group
was intrathecally administered with saline (0.12μL/g). The
groups BUP, BUP+RSV, and BUP+DMSO were administered
5% bupivacaine (0.12μL/g) in three injections at 90min inter-
vals. The group BUP+RSV intrathecally received 30μg/μL
RSV in total of 10μL per day for 4 consecutive days which
beginning 1 day before bupivacaine administration and stop-
ping 2 days after bupivacaine administration. Meanwhile, the
group BUP+DMSO intrathecally received 10μL 20% DMSO
solution only [12]. All rats were sacrificed by cervical disloca-
tion under inhalation of isoflurane after behavioral tests, and
the lumbar enlargement of the spinal cord was obtained for
further experiments.

2.3. Behavioral Tests. Behavioral tests were conducted on day
3 after bupivacaine administration by the same observer who
is unaware of the allocation details. The TF machine (model
YLS-12A; Huaibei Zhenghua Biological Instrument Equip-

ment Co., Anhui, China) was employed to perform the
tail-flick latency (TFL) test to assess tail sensory function.
Results were converted to percentage maximal possible effect
(%MPE). The hindlimb locomotor function was determined
using the Basso, Beattie, and Bresnahan (BBB) locomotor
scale as previously described [13].

2.4. Hematoxylin and Eosin (H&E) and Nissl Staining. Lum-
bar enlargement spinal cord samples were fixed in 4% para-
formaldehyde for 24h at room temperature, embedded in
paraffin, and sectioned at a thickness of 5μm. The sections
used to H&E staining were then subjected to hematoxylin
and eosin for 10min, while sections used to Nissl staining
underwent staining in preheated 0.05% (w/v) cresyl violet
solution for the 20 s at 37°C, followed by examination under
a light microscope (BX53, Olympus Corporation, Tokyo,
Japan). The number of survival neurons in the spinal dorsal
horn was calculated.

2.5. Apoptosis Analysis. The rates of apoptosis were exam-
ined using the TUNEL assay. Briefly, endogenous peroxidase
was quenched by incubating the sections with 3% hydrogen
peroxide for 15min. The TUNEL assay was then carried out
according to manufacturer instructions (Roche Diagnostics,
Mannheim, Germany). The number of TUNEL-positive
cells was counted under a fluorescent microscope, and the
percentage of the apoptotic cells was calculated.

2.6. Immunohistochemistry (IHC). The paraffin-embedded
sections were incubated with 3% hydrogen peroxide for 15
minutes to block endogenous peroxidase activity and then
blocked using 5% goat serum albumin for 1 h. They were
then incubated overnight at 4°C with primary antibodies
against Bax (1 : 300, Proteintech), Bcl2 (1 : 200, Wanleibio),
and cleaved Caspase3 (1 : 300, Wanleibio). They were then
incubated with HRP-conjugated secondary antibodies at
room temperature for 15min, washed thrice with PBS, sig-
nally developed using diaminobenzidine (DAB) solution,
counterstained using hematoxylin solution, and examined
under a microscope. The ratio of DAB-positive area to total
area in each field was analyzed.

2.7. Immunofluorescence. The paraffin-embedded sections
were dewaxed, rehydrated, and blocked using 5% goat serum
albumin for 1h. They were then incubated overnight at 4°C
with anti-SIRT1 (1 : 1000, Abcam) and anti-GRP78 (1 : 300,
Proteintech) primary antibodies, followed by incubation with
Alexa Fluor-488 secondary antibody (1 : 500, Invitrogen) and
DAPI. The images were visualized on a fluorescent microscope,
and the mean fluorescence intensity was analyzed in each field.

2.8. RT-PCR Analysis. The TRIzol reagent (TaKaRa, Shiga,
Japan) was used for RNA extraction from lumbar enlarge-
ment spinal cord tissues following the manufacturer’s proto-
col. The total RNA samples were retrotranscribed into
cDNA using PrimeScript™ RT reagent Kit (TaKaRa, Shiga,
Japan). Real-time PCR analysis of SIRT1 mRNA levels was
done using the following conditions: initial denaturation:
95°C for 30 s, followed by 40 cycles at 95°C for 5 s, 60°C for
30 s, and 72°C for 10min using GAPDH as reference gene.
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Figure 1: RSV attenuated neurological dysfunction induced by bupivacaine. Note: (a) %MPE evaluated tail sensation restoration in each
group (n = 12 in each group). (b) BBB scores reflect hindlimb locomotor recovery (n = 12 in each group). (c) H&E staining assessed
histological changes (neurons were indicated by the black arrows) (scale bar = 20μm). (d) Nissl staining was detected to evaluate survival
neurons (scale bar = 50μm). (e) Quantitative calculation of the number of survival neurons of each group (n = 6 in each group). Data are
presented as mean ± SEM. ∗P < 0:05.
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Figure 2: RSV suppressed neuronal apoptosis induced by bupivacaine. Note: (a) representative image of TUNEL staining (green) (scale
bar = 50 μm). (b) Quantitative analysis of TUNEL-positive cells of each group. (c) Western blot images exhibiting apoptosis-related
proteins Bax, Bcl2, and Cleaved Caspase3 levels. (d–f) Quantitative analysis of apoptosis-related protein levels of each group. (g)
Immunohistochemical staining images exhibiting Bax, Bcl2, and Cleaved Caspase3 protein levels (scale bar = 50μm). (h–j) Quantitative
analysis of percentage of Bax, Bcl2, and Cleaved Caspase3 positive area in total area of each group. Data are presented as mean ± SEM
(n = 4 in each group). ∗P < 0:05.
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The 2−ΔΔCT method was employed to calculate relative
mRNA levels of target genes. The primers used for PCR
included: SIRT1: forward 5′-ccgagacaacctcctgttgg-3′ and
reverse 5′-attgttcgaggatcggtgcc-3′ and GAPDH: forward 5′
-gccttccgtgttcctacc-3′ and reverse 5′-cctgcttcaccaccttctt-3′.

2.9. Western Blot. Lumbar enlargement spinal cord tissues
were collected for western blot analysis as previously
described [11]. After protein transfer, membranes were
incubated overnight (4°C) with primary antibodies against
PERK (1 : 1000, CST), ATF4 (1 : 1000, CST), CHOP
(1 : 1000, CST), p-eIF2α (1 : 1000, Abcam), eIF2α (1 : 1000,
Abcam), Caspase12 (1 : 1000, Abcam), p-PERK (1 : 1000,
Wanleibio), Bcl2 (1 : 1000, Wanleibio), cleaved Caspase3
(1 : 1000, Proteintech), GRP78 (1 : 1000; Proteintech), Bax
(1 : 1000, Proteintech), and GAPDH (1 : 10000, Proteintech).
After washing thrice with TBST, the membranes were incu-
bated with infrared-labeled goat anti-rabbit or goat anti-
mouse secondary antibodies (1 : 10000, Invitrogen) for 1
hour at 4°C. The array image was acquired on a LI-COR Bio-
sciences Odyssey Infrared imaging system (Li-Cor Biosci-
ences, Lincoln, IL, USA), and band pixel intensity was
quantified on ImageJ (NIH, Bethesda, MD, USA).

2.10. Statistical Analysis. Statistical analyses were performed
by SPSS version 25.0 (IBM, Armonk, New York, USA).
Data are presented as mean± SEM. One-way ANOVA
followed by Tukey’s post hoc test was used to analyze dif-
ferences among groups. P < 0:05 indicates statistically
significant.

3. Results

3.1. RSV Improves Hindlimb Locomotor and Tail Sensory
Functions in Rats. Analysis of the effect of RSV against
bupivacaine-induced spinal cord neurotoxicity was done
using tail-flick latency tests (Figure 1(a)) and the Basso,
Beattie, and Bresnahan (BBB) locomotor scale
(Figure 1(b)). H&E and Nissl staining were used for histo-
logical analysis in lumbar enlargement spinal cord of each
group after bupivacaine administration. Compared with
the saline group, BBB scores were markedly lower in the
BUP and BUP+DMSO groups, while the %MPE was mark-
edly elevated. However, rats in the BUP+RSV group exhib-
ited significantly better hindlimb locomotor and tail
sensory function with higher BBB scores and lower %MPE
values compared to BUP and BUP+DMSO groups. H&E
analysis revealed that neurons were normal in the saline
group, with intact axons and deep-dyed nucleoli. However,
swelling and atrophy of neurons, axons, and nucleoli disap-
pear, and high levels of glial cell hyperplasia and satellitosis
were observed in the dorsal horn of the spinal cord in the
BUP and BUP+DMSO groups. Notably, the BUP+RSV
group exhibited milder swelling of neurons with visible
nucleoli, and axons appeared relatively intact of part of neu-
rons, and glial cell hyperplasia was decreased significantly
(Figure 1(c)). Nissl staining showed that neuron density
decreased by varying degrees in rats after bupivacaine
administration (Figure 1(d)). Consistent with the H&E
staining results, Nissl staining revealed more surviving neu-
rons in the BUP+RSV group when compared with BUP and
BUP+DMSO groups (Figure 1(e)).
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Figure 3: RSV alleviated ER stress induced by bupivacaine. Note: (a) representative images of GRP78 immunofluorescence staining (green)
(scale bar = 50μm). (b) Quantitative intensity of GRP78 of each group. (c) Western blot images exhibiting ER stress marker protein levels of
GRP78, caspase12, and CHOP. (d–f) Quantitative analysis of ER stress marker protein levels of GRP78, caspase12, and CHOP of each
group. Data are presented as mean ± SEM (n = 4 in each group). ∗P < 0:05.
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3.2. RSV Suppressed Bupivacaine-Induced Neuronal Apoptosis.
Next, we assessed if RSV could reduce bupivacaine-induced
apoptosis using TUNEL staining (Figure 2(a)). This analysis
revealed that when compared with the saline group, the group
that received bupivacaine had a significantly higher number of
TUNEL-positive cells, while RSV significantly decreased the
number of TUNEL-positive neurons (Figure 2(b)). Western
blot (Figure 2(c)) and IHC (Figure 2(g)) analyses of the levels
of apoptotic factors in rat spinal cord tissues from the four
groups (Figure 2(c)) revealed that Cleaved Caspase-3 and
Bax were upregulated after bupivacaine administration, while
Bcl-2 was markedly downregulated (P < 0:05). However, RSV
significantly reduced Bax and Cleaved caspase-3 expression
while increasing Bcl-2 levels (Figures 2(d)–2(j)).

3.3. RSV Alleviated ER Stress by Inhibiting PERK/eIF2/ATF4
Pathway Activation. Based on our preliminary findings that
ER stress regulates bupivacaine-induced neurotoxicity, we
examined the expression of GRP78 in spinal cord tissue from

different groups using immunofluorescence analyses
(Figure 3(a)). Immunofluorescence staining showed that the
expression of GRP78 protein (green) significantly increased
in the cytoplasm of spinal dorsal horn after bupivacaine
administration. However, RSV treatment significantly
decreased the expression of GRP78 in spinal dorsal horn
(Figure 3(b)). Western blotting (Figure 3(c)) was performed
to measure ER stress marker protein levels of GRP78, cas-
pase12, and CHOP in the spinal cord, and the results indicated
that bupivacaine upregulated the expression of GRP78, Cas-
pase12, and CHOP in the spinal cord, which was markedly
reversed by RSV treatment (Figures 3(d)–3(f)). To further
investigate the effect of RSV against bupivacaine-induced ER
stress, we assessed PERK/eIF2α/ATF4 signaling activity using
western blot analysis (Figure 4(a)) and observed that the ratio
of p-eIF2α/eIF2α and p-PERK/PERK and the levels of ATF4
were markedly elevated in rats after bupivacaine administra-
tion. Notably, these effects were markedly suppressed by
RSV (Figures 4(b)–4(d)).
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Figure 4: RSV inhibited the activation of PERK signaling pathway induced by bupivacaine. Note: (a) western blot images exhibiting PERK
signaling protein levels of p-PERK, PERK, p-eIF2α, eIF2α, and ATF4. (b–d) Quantitative analysis of the ratio of p-PERK/PERK and p-
eIF2α/eIF2α protein levels and the ATF4 protein levels of each group. Data are presented as mean ± SEM (n = 4 in each group). ∗P <
0:05.
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Figure 5: RSV rescued the neurotoxicity induced by bupivacaine through upregulating SIRT1. Note: (a) western blot images exhibiting
protein levels of SIRT1. (b) Quantitative analysis of protein levels of SIRT1 of each group. (c) Quantitative analysis of the expression of
SIRT1 mRNA levels determined by RT-PCR of each group. (d) Representative images of SIRT1 immunofluorescence staining (green)
(scale bar = 50μm). (e) Quantitative intensity of SIRT1 of each group. Data are presented as mean ± SEM (n = 4 in each group). ∗P < 0:05.
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3.4. RSV Rescued the Neurotoxicity Induced by Bupivacaine
through Upregulating SIRT1. We used RT-PCR, western
blot, and immunofluorescence to assess SIRT1 expression
in the spinal cord. Western blot (Figure 5(a)) and RT-PCR
analyses reported that SIRT1 expression was downregulated
after bupivacaine administration in the spinal cord while
rescued by RSV treatment (Figures 5(b) and 5(c)). Similar
results were obtained using immunofluorescence analysis
(Figures 5(d) and 5(e)).

4. Discussion

We induced spinal cord neurotoxicity in rats using intrathe-
cal injection of 5% bupivacaine, as we previously described
[14]. As our preliminary findings revealed that neuronal
apoptosis peaked on day 3 after bupivacaine administration,
we evaluated the neuroprotective effect, neurological func-
tion restoration, and antiapoptotic roles of RSV on day 3
after bupivacaine injection intrathecally [6]. RSV can
improve neurological function restoration by alleviating
neuronal degeneration, reducing neuronal loss, and mitigat-
ing neurological dysfunction. Furthermore, our results indi-
cated that RSV ameliorated bupivacaine-induced ER stress
and apoptosis by inhibiting PERK/eIF2α/ATF4 signaling
activation via SIRT1 modulation, indicating that RSV might
have a neuroprotective effect against bupivacaine-induced
spinal neurotoxicity.

Apoptosis has been associated with bupivacaine-induced
neurotoxicity [15]. We have previously reported that bupiv-
acaine induces neurotoxicity by activating apoptosis via the
mitochondrial pathway in mouse neuroblastoma cells [16].
Previous studies have reported that regulating pro- and anti-
apoptotic protein levels suppresses bupivacaine-induced
neuronal apoptosis [17]. Here, we found that RSV alleviated
histological damages of spinal cord neurons in rats after
bupivacaine administration. Additionally, we also observed
that RSV decreased the number of TUNEL-positive neurons
and altered levels of pro- and antiapoptotic proteins. Our
results show that RSV decreases the protein levels of Bax
and cleaved Caspase-3 while increasing Bcl-2 expression.
These findings indicate that RSV attenuated bupivacaine-
induced neurotoxicity by inhibiting apoptosis.

Previous studies have implicated ER stress involved in
neuronal apoptosis after spinal cord injury (SCI) [18]. We
show that the protein levels of the ERS markers, GRP78,
Caspase12, and CHOP were significantly increased after
bupivacaine administration and downregulated by RSV,
which is consistent with previous findings that RSV sup-
pressed tunicamycin-induced ER stress in a mouse model
of steatohepatitis [19]. Ample evidence suggests that the
PERK/eIF2α/ATF4 signaling pathway modulates ER stress-
triggered apoptosis [20, 21]. Meng et al. reported that PERK
pathway activation aggravated secondary brain injury dur-
ing intracerebral hemorrhage by triggering neuronal apopto-
sis, while inhibition of the PERK signaling pathway
promoted neuronal survival and improved neurological
function [22]. In the present study, we find that bupivacaine
activated the PERK/eIF2α/ATF4 signaling pathway, as
revealed by increased protein levels of p-PERK, p-eIF2α,

and ATF4 in the spinal cord after bupivacaine administra-
tion, while RSV downregulated the expression of these fac-
tors. These data indicate that RSV treatment mitigated
bupivacaine-triggered ERS via a mechanism involving
PERK/eIF2α/ATF4 pathway inhibition.

Mounting evidence shows that SIRT1 deficiency is asso-
ciated with apoptosis, oxidative stress, inflammation, and
autophagy in chronic morphine tolerance, SCI, spinal cord
ischemia-reperfusion injury, and neuropathic pain [23–26].
RSV, a SIRT1 agonist, is reported to exert neuroprotection
by upregulating and activating SIRT1 [27]. He et al. reported
that RSV attenuates morphine antinociceptive tolerance by
regulating spinal cord SIRT1 activity in rats [25]. Further-
more, Zheng et al. found that lidocaine downregulates SIRT1
expression and that increasing SIRT1 protein levels signifi-
cantly reversed lidocaine-induced neuronal apoptosis [28].
Here, we examined the effect of bupivacaine on spinal cord
SIRT1 levels in rats and confirmed that it downregulates
SIRT1 levels. Recent studies have shown that SIRT1 allevi-
ates ER stress by inhibiting PERK signaling pathway activa-
tion [29]. To further study the upstream regulatory
mechanism of the PERK/eIF2α/ATF4 signaling pathway in
neurotoxicity induced by bupivacaine, we hypothesized that
there is a link between SIRT1 downregulation and PERK sig-
naling pathway activation during bupivacaine-induced neu-
rotoxicity. Our findings show that RSV rescued SIRT1
downregulation, which was accompanied by suppressed
PERK/eIF2α/ATF4 pathway activation. These findings are
consistent with those of another study that showed that
terpinen-4-ol ameliorates ER stress-triggered vascular calci-
fication by inhibiting the PERK-eIF2α-ATF4 axis via
increasing SIRT1 protein levels [30]. Prola et al. found that
SIRT1 alleviated ER stress-triggered apoptosis via inhibiting
the PERK/eIF2α axis [31]. Together, these findings indicate
that RSV ameliorates bupivacaine-induced spinal neurotox-
icity via SIRT1-mediated PERK/eIF2α/ATF4 pathway
activation.

5. Conclusion

In summary, our findings suggest that RSV inhibits ER
stress, reduces neuronal apoptosis, and alleviates
bupivacaine-induced spinal neurotoxicity by upregulating
SIRT1 expression and suppressing PERK/eIF2α/ATF4 path-
way activation. These observations highlight a potential
novel therapeutic strategy for the treatment of
bupivacaine-induced spinal neurotoxicity.
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Background. Nanotechnology finds broad applications in the field of nanomedicine, an emerging new field used for diagnosis,
treatment, prevention of diseases, and improvement of health. Objectives. To synthesize silver nanoparticles (AgNPs) from
Withania somnifera and Fagonia indica and to carry out their antimicrobial, insecticidal, and phytotoxic activities, a step
toward the new range of nanomedicines. Methods. Silver nanoparticles were synthesized from Withania somnifera and Fagonia
indica by chemical reduction method, and further biological activities of these nanoparticles were compared with crude
methanolic extract, prepared through cold maceration process, at the concentration of 50mg/ml. Results. Among all tested
bacterial pathogens, crude extract of W. somnifera showed a statistically high significant inhibition zone in millimeter against
Pseudomonas aeruginosa (21; p < 0:01). AgNPs showed highly significant result against Streptococcus pneumonia (14; p < 0:01).
In comparison with crude extracts, AgNPs showed statistically significant (p < 0:01) results against S. pneumonia (AgNPs, 14;
crude, 8.33mm). Crude extract showed significant inhibition zone against two bacterial strains, P. aeruginosa (crude, 21;
AgNPs, 11.67mm) and Klebsiella pneumoniae (crude, 11.33; AgNPs, 8mm). Crude extracts of F. indica showed the significant
activity against Vibrio cholera (p < 0:01; 11.33mm). Silver nanoparticles of F. indica exhibited the highest significant activity
against Aspergillus flavus and Fusarium oxysporum while AgNPs of W. somnifera were active only against A. flavus. Extracts of
W. somnifera and F. indica showed increasing phytotoxic activity with increasing concentrations. The highest significant
inhibition was obtained for crude extract (46.7) and AgNPs (45.7) of F. indica at 1000μg/ml. Insecticidal activity of crude and
AgNPs of both plants showed significant inhibition against all tested insects with increasing time intervals, and the highest
significant result was obtained at 72 hours with a value of p < 0:01 except T. castaneum. Conclusions. Both crude and AgNPs
showed potent activity; however, in comparison, silver nanoparticles showed slightly enhanced activity. Crude and AgNPs of
both plants showed good phytotoxic and insecticidal inhibition. Antimicrobial studies of AgNPs on diseases causing pathogens
open a door for new antimicrobial agents and could be the answer to antibiotic resistance after further analysis.
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1. Introduction

Plants used as medicines to treat different diseases are a rich
source of various bioactive components like volatile tannins,
oils, alkaloids, flavonoids, and phenols which have a promi-
nent role in the discovery of new drugs to treat infectious
diseases. Many scientists have isolated and characterized dif-
ferent pharmacologically dynamic compounds from tradi-
tionally used medicinal plants. With the progress of drug
development, there is a need to utilize advanced technology
such as nanotechnology which has tremendous application
in the pharmaceutical industries [1]. Nanotechnology finds
broad applications in the field of nanomedicine, an emerging
new field used for diagnosis, treatment, prevention of dis-
eases, and improvement of health. Due to specific character-
istics of nanoparticles such as small size, distribution, and
morphology, these have new applications and properties.
Nanoparticles can be synthesized by different methods like
chemical and photochemical reactions [2], thermal decom-
position [3], and microwave assisted process [4] and also
by biological methods [5, 6]. Both in the medical and indus-
trial processes, silver has a good inhibitory effect on
microbes, and silver nanoparticles have applications in the
medical industry such as in topical ointments to prevent
infection of burn and wounds as well as prevent bacterial
contamination in humans [7]. Nowadays, silver nanoparti-
cles (AgNPs) have interesting antibacterial activities and
have played a crucial role in inhibiting bacterial growth in
aqueous and solid media [8, 9] and may be an answer to
bacterial resistance, caused by the overuse of antibiotics.
Withania somnifera (L.) Dunal (Solanaceae), a commonly
used plant in traditional and Ayurvedic medicine, has
withanolide-type active compounds and is widely used in
crude form throughout the world due to its nontoxic and
high medicinal value. Nowadays, this plant is cultivated as
a crop to support the high demand for biomass and fulfill
the needs of pharmaceutical industry. Similarly, Fagonia
indica Burm.f. (Zygophyllum indicum (Burm.f.) Christenh.
& Byng) is a small spiny herb widely used in Ayurvedic med-
icine belonging to Zygophyllaceae having analgesic, antimi-
crobial, febrifuge, and anti-inflammatory properties with
active phytoconstituents [10]. The present study has been
designed to synthesize AgNPs by using W. somnifera and
F. indica extract and to carry out the antimicrobial, insecti-
cidal, and phytotoxic activities and their comparison with
the crude extract, a step toward the new range of antimicro-
bial agents in the field of nanomedicine.

2. Materials and Methods

2.1. Collection and Formulation of Plant Extracts. F. indica
and W. somnifera were collected from Karak and Kohat,
identified by the taxonomist at the Department of Botany,
Kohat University of Science and Technology, Kohat. Col-
lected plant parts were washed, dried in shade, powdered,
and stored in airtight bottles. The crude methanolic extract
was prepared through cold maceration extraction technique
and further used for biological activities.

2.2. Synthesis of Silver Nanoparticles (AgNPs). Chemical
reduction method was used to synthesize the silver nanopar-
ticles (AgNPs) of F. indica andW. somnifera [11]. 1ml of sil-
ver nitrate solution was diluted; then, 100 g of both plant
extracts was dissolved in 100ml of deionized water. Both
the plant extracts and silver nitrate solution were mixed in
1 : 1 in a beaker. A homogeneous solution was obtained
when this mixture was stirred and placed on a hot plate.
After that, a reducing agent Sodium Borohydrate (NaBH4)
was added dropwise through a burette with a constant
stirring. The formation of silver nanoparticles was fin-
ished when the solution color was changed from light
brown to dark.

2.3. Antibacterial Assay. Eight bacterial strains Escherichia coli,
Salmonella typhimurium, Shigella flexneri, Proteus mirabilis,
Streptococcus pneumonia, Pseudomonas aeruginosa, Vibrio
cholera, and Klebsiella pneumonia and all the ATCC cultures
except S. flexneri and V. cholera that were hospital-acquired
clinical isolates were obtained from the laboratory of Depart-
ment of Microbiology, and antibacterial activities were deter-
mined by Agar Well diffusion method [12] at 50mg/ml
concentration. Dimethyl sulfoxide (DMSO) was used as nega-
tive control while ampicillin as a positive control. Experiments
were repeated three times, and average zones of inhibition
were recorded.

2.4. Antifungal Assay. Two fungal strains Aspergillus flavus
and Fusarium oxysporum were obtained from the laboratory
of Department of Microbiology. Test tube dilution method,
with slight modification, was followed to check the antifun-
gal activities [13], and 6.5 g of Sabouraud Dextrose Agar
(SDA) was mixed in 100ml of distilled water and autoclaved,
and 9ml of this mixture was taken in a test tube. Every test
tube was loaded with 1ml of extract solutions before solidi-
fying. The tubes were inoculated with a 4mm diameter piece
of the fungal pathogen, allowed to solidify, and placed in a
slanting position in an incubator at 28°C for 7 days. Micon-
azole was used as a positive control to compare the antifun-
gal activity. The inhibition zone was measured in millimeter.

2.5. Phytotoxic Activity. Phytotoxic activity was carried out
against Lemna minor [14]. E-medium was prepared and
autoclaved at 15 psi, 121°C for 15 minutes. Each plant
extract of 30mg (crude and silver nanoparticles) was then
dissolved in methanol (1.0ml) which served as a stock solu-
tion. Seven petri dishes were autoclaved, and 20ml medium
on each plate and 60ml of plant extract having one frond of
Lemna minor were added. Paraquat was used as a negative
control, and plates were placed in a growth cabinet; the
number of fronds per plate was counted and recorded, and
the experiment was repeated three times.

2.6. Insecticidal Activity. Rhyzopertha dominica, Sitophilus
oryzae, Callosobruchus analis, and Tribolium castaneum
were selected for the present study. Filter papers of 9 cm or
90mm were cut out and put out on the plate. Plant extract
(50mg/ml) was poured over the filter papers, and then, these
plates were left for almost one day. 10 healthy insects of
equal size/age were put out on the second day of each species
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in each plate and were incubated at 27°C. Permethrin was
used as a positive control. The results were noted after 24
hours, 48 hours, and 72 hours, respectively. Experiments
were repeated three times.

2.7. Statistical Analysis. Data were organized and analyzed
using Microsoft Word and Microsoft Excel software. All
the experiments were repeated, and the average zone of inhi-
bition and standard deviations were calculated by using
Microsoft Excel software 2007. Significant values of all activ-
ities were found by using one-way ANOVA and t -test.

3. Results

3.1. Antibacterial Effect of Crude Extracts and Silver
Nanoparticles. Among all tested bacterial pathogens, crude
extract of W. somnifera showed highly significant inhibition
against P. aeruginosa (21; p < 0:01), followed by S. flexneri
(12.33mm) and K. pneumoniae (11.33mm). The lowest
inhibitory activity was measured for the S. typhimurium
(5mm). The tested antibiotic is sensitive to this bacterium
(25mm). AgNPs also showed highly significant results
against S. pneumonia (14; p < 0:01), followed by P. mirabilis
(11.67mm) and P. aeruginosa (11.67mm) (Table 1). The
lowest inhibition zone was measured for S. typhimurium
(6.33mm) as compared to the antibiotic inhibitory zone
(25mm). In the comparison of both extracts, AgNPs showed
statistically highly significant (p < 0:01) results against S.
pneumonia (AgNPs, 14; crude, 8.33mm). Crude extract
showed significant inhibition against two bacterial strains,
P. aeruginosa (crude, 21; AgNPs, 11.67mm) and K. pneumo-
nia (crude, 11.33; AgNPs, 8mm) (Table 1).

Crude extracts of F. indica showed the highest significant
inhibition zone at p < 0:01 for Vibrio cholera (11.33mm)
followed by S. pneumonia (10.33mm). The lowest inhibition
zone was measured for the E. coli (7.00mm). Similarly, AgNPs
showed an inhibition zone ranging from 8.00 to 11.67mm.
The highest significant inhibition zone at p < 0:01 was mea-
sured for S. flexneri (11.67mm) and V. cholera (11.67mm)
followed by P. aeruginosa (10.33mm) and E. coli (10mm) as
compared to the antibiotic activity of 26mm, 21mm,
20mm, and 22mm, respectively.

3.2. Antifungal Activity of Crude Extracts and Silver
Nanoparticles. AgNPs of W. somnifera exhibited the highest
significant antifungal activity as compared to crude extract
against A. flavus (12; p < 0:01). AgNPs of F. indica also
showed statistically significant inhibition as compared to
crude extract against both tested fungal strains (Table 2).

3.3. Phytotoxic Activity of Crude Extracts and Silver
Nanoparticles. Phytotoxic activity of both plants showed
increasing inhibition with the increasing concentration
against the growth of the Lemna minor. Both extracts of
W. somnifera crude and silver nanoparticles displayed the
most important spectrum of activity, at the highest concen-
tration 1000μg/ml, and silver nanoparticles, which is a non-
significant value.

Statistically, all the treatments of F. indica are highly sig-
nificant at the highest concentration of 1000μg/ml among

crude and silver nanoparticles, individually (Table 3). The
highest significant inhibition value (46.7) has been obtained
on 1000μg/ml for the crude extract of F. indica. The highest
significant value (45.7) has been obtained on treatment sup-
plemented by silver nanoparticles at 1000μg/ml concentra-
tion. Overall, crude extract showed slightly enhanced
activity but the comparison was nonsignificant.

3.4. Insecticidal Activity of Crude Extracts and Silver
Nanoparticles. Crude extracts and AgNPs of W. somnifera
were evaluated against the insects including R. dominica, S.
oryzae, C. analis, and T. castaneum with different time
intervals (24, 48, and 72 hours); significant differences were
observed for both crude and AgNP treatment. Crude extract
of W. somnifera showed significant inhibition against all
tested insects with increasing time intervals while AgNPs
showed significant inhibition against S. oryzae and C. analis
(Figure 1). Crude extract and AgNPs of F. indica showed the
highest significant value at 72 hrs (4.33 inhibition of insects)
(p < 0:01) for all tested insects except T. castaneum
(Figure 2).

4. Discussion

In the present study, both the crude and AgNP extracts of
both selected plants, W. somnifera and F. indica, showed
good inhibition against the bacterial, fungal, insecticidal,
and phytotoxic activity. However, AgNPs showed slightly
more inhibition against bacterial and fungal strains than
crude extract. AgNPs synthesized from W. somnifera has a
good antimicrobial effect against gram-positive, gram-nega-
tive, and fungal pathogens by breaking out the cell mem-
brane of bacteria, as confirmed by SEM analysis [15].
These AgNPs are small, easily penetrate the cell, and target
the disease site as well as damage the cellular structure of
pathogenic microbes. AgNPs from the same family, Solana-
ceae, also showed effective antimicrobial activity against
gram-negative bacteria [16]. A group of monomeric glyco-
proteins, namely, WSG (Withania somnifera glycoprotein),
isolated from W. somnifera roots tuber exposed the antimi-
crobial activities against bacterial and fungal isolates, and it
is reported that nanoparticles encased with phytoconstitu-
ents can be more effective [17]. A study conducted by Mal-
esh and Satish [18] investigated that W. somnifera extracts
of methanol depicted significant antimicrobial activities
against a group of bacteria. DNA replication weakening
and inactivation proteins are the mechanisms behind the
antimicrobial activity of metallic nanoparticles [19].

Antimicrobial approach for the AgNPs is due to the dis-
charge of silver ions (Ag-) in the cells and attached bioactive
constituents [20]. Govindaraju et al. [21] reported antimi-
crobial activity of synthesized silver nanoparticles against
P. aeruginosa, S. aureus, A. flavus, and A. niger. Mechanisms
involved are changing in cell membrane permeability [22],
generation of a group of free radicals that are responsible
for the cell membrane damage [23], and indulgence of the
single proton (H+) attractive force responsible for the dam-
age of the cell membrane [24], but the exact procedure has
not been fully explained. Moreover, the effect of silver
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nanoballs on different bacteria, i.e., E. coli, S. typhimurium,
P. aeruginosa, and B. subtilis, by the formation of colony
forming unit (cfu) and growth rate at a different concentra-
tion of 40 lg/ml showed significant retardation of bacterial
growth [25]. Numerous fungal strains showing drug resis-
tance like F. solani, Candida albicans, A. flavus, and Candida
glabrata have been reported for resistance [26]. A study con-
ducted by Malesh and Satish [18] investigated that W. som-
nifera crude extracts depicted significant antifungal activities
against Aspergillus flavus, Drechslera turcica, and Fusarium
verticillioides. Vivek et al. [27] have also reported the anti-
fungal activities of AgNPs and mechanisms to suggest that
depending on composition, the cell wall can act as a barrier
preventing drugs from reaching the site of action. Interac-
tion between AgNPs and the membrane structure of A. fla-
vus and F. oxysporum cells was confirmed and found out
significant changes to their cell membrane integrity, due to
the “pits” on their surface site and also the formation of
pores, and causes death of a cell [28]. The positive charge
on Ag+ may have potent toxicity or antimicrobial activities
as it forms complexes with DNA/RNA and specifically inter-
acts with the nucleosides [29]. Moreover, the electrostatic
attraction among the negatively charged microbial cells
and positively charged NP has been reported [30]. The
Ag+ ions bind to the cytoplasm and cell wall due to electro-
static attractions and affinity for sulphur proteins, signifi-

cantly increase the permeability, and cause disintegration
of bacterial casing.

The field of allelopathy is a significant ecological factor
in the kingdom Plantae together with such types of phyto-
toxic medicinal plants in which flavonoids and alkaloids
are studied as allelochemicals [31]. Lemna minor inhibition
variations by plants might be due to different types of plant
extract, their different components, and mode of extraction
[32]. Phytotoxic effects of nanoparticles on shrimp’s larvae
can be linked with anticancer activity, and nanoparticles
could be an alternative source of anticancer drugs [33] Tox-
icological study of the crude extract regarding intracutane-
ous toxicity and acute systematic toxicity in experimental
animal models shows toxic nature of plants. The toxicity of
this plant and the mechanism of action cannot be explained
until unequivocal identification of its constituents [34].

Insects are cosmopolitan and occupy more than two-
thirds of the known species of the animal kingdom. Flora
including medicinal plants is part of insect’s food and also
destroys them and other stored products causing a huge
amount of loss to the food and food quality [35]. Nanotech-
nology is the modern approach for the better management
of insects and pest control in agriculture. The larvicidal
activity of Azima crude extract and AgNPs is 100% at 24-
and 48-hour exposure periods which may be due to the
interactions of the compounds [36]. Larvicidal activities of

Table 1: Antibacterial zone of inhibition (mm) of crude and silver nanoparticles’ extracts of W. somnifera and F. indica at 50mg/ml
concentration.

Bacteria
W. somnifera F. indica Control

Crude
(mean ± SD)

Silver nanoparticles
(mean ± SD) T-test

Crude
(mean ± SD)

Silver nanoparticles
(mean ± SD) T-test

Antibiotic
(AMP)

E. coli 10:67 ± 1:53 9:33 ± 1:15 Ns 7 ± 1 10 ± 1 Ns 22

S. pneumonia 8:33 ± 1:15 14 ± 1 p < 0:01 11 ± 1 9:67 ± 0:58 Ns 15

S. flexneri 12:33 ± 0:58 8 ± 1 p < 0:05 10 ± 1 11:67 ± 1:15 Ns 26

P. mirabilis 8:33 ± 0:58 11:67 ± 1:53 Ns 9:33 ± 0:58 8:67 ± 0:58 Ns 30

P. aeruginosa 21 ± 1 11:67 ± 1:15 p < 0:05 7:67 ± 0:58 10:33 ± 0:58 Ns 20

V. cholera 8 ± 1 9:33 ± 0:58 Ns 11:33 ± 1:53 11:67 ± 2:08 Ns 21

K.
pneumoniae

11:33 ± 0:58 8 ± 1 p < 0:05 10 ± 1 8 ± 1 Ns 26

S.
typhimurium

5 ± 1 6:33 ± 0:58 Ns 10:33 ± 1:53 9 ± 1 Ns 25

ANOVA p < 0:01 p < 0:01 p < 0:01 p < 0:01
Key: SD: standard deviation; AMP: ampicillin; Ns: nonsignificant.

Table 2: Antifungal zone of inhibition (mm) of crude and silver nanoparticles’ extracts of W. somnifera and F. indica at 50mg/ml
concentration.

Fungus
W. somnifera F. indica Control

Crude
(mean ± SD)

Silver nanoparticles
(mean ± SD) T-test

Crude
(mean ± SD)

Silver nanoparticles
(mean ± SD) T-test Miconazole

A. flavus 7:67 ± 1:15 12 ± 1 p < 0:01 7:67 ± 0:58 13 ± 1 p < 0:05 22

F. oxysporum 11 ± 1 12:67 ± 0:58 Ns 8:33 ± 0:58 13 ± 1 p < 0:01 25
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Figure 1: Insecticidal activity of crude and silver nanoparticles of W. somnifera. ∗ represents statistical significance (ANOVA); Ns:
nonsignificant.
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Figure 2: Continued.
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AgNPs using aqueous extract of Eclipta prostrata were stud-
ied against Culex tritaeniorhynchus, Anopheles subpictus,
and Diptera culicidae and showed different inhibitions for
a period of one day [37]. The extracts of P. harmala have
an insect’s mortality rate of 21.0%, followed by the medicinal
plant of F. cretica 9.0% while Tribulus terrestris has 2.6%. All
treatments from 5 to 20% showed validity in killing T. casta-
neum. Goswami et al. [38] reported the activity of different
surface functionalized hydrophilic nanoparticles, against S.
oryzae. Yang et al. [39] checked the activity of polyethylene
glycol-coated nanoparticles loaded with garlic essential oil
against adult T. castaneum and observed the control efficacy
of about 80%, presumably due to the slow and persistent
release of the active components from the nanoparticles.
Khan et al. [40] reported the importance of nanoparticles
and their mechanistic approach in the field of medicine to
treat chronic diseases like cancer. Similarly, anticancer and
antimicrobial activity of silver nanoparticles synthesized
from Conocarpus lancifolius showed marked inhibition
[41]. Gold nanoparticles from Rauwolfia serpentina showed
antibacterial and antioxidant potential that have relevant
results with the present study [42]. So, different types of
nanoparticles can be used for efficient management in agri-
culture and formulation of new insecticides Although the
standard drug used in comparison showed higher inhibition,
the crude extracts of plants and AgNPs synthesized by
chemical and biological methods are cost-effective and eco-
friendly to use.

5. Conclusions

In conclusion, crude and AgNPs exhibit good effects; how-
ever, in comparison, AgNPs synthesized from both plants,
i.e., W. somnifera and F. indica, showed enhanced inhibition
against bacterial and fungal pathogens. In phytotoxic results,
crude extracts of both tested plants are more effective as
compared to AgNPs. Biological activities of AgNPs on tested
pathogens open a door for new antimicrobial agents and

could be the answer to antibiotic resistance as well nanoma-
terials in different forms can be used as an effective manage-
ment in agriculture and formulation of new insecticides. The
present study has provided a base for the researcher in the
field of nanomedicine to synthesize and check the biological
activities of nanoparticles and isolated compounds from
other medicinal plants against other microorganisms. New
antibiotics and therapeutics in nanoform should be made
from these natural products and replaced with those
showing resistance to microorganisms. Toxicology studies
of these AgNPs should be recommended to ensure the
safety. Studies on the comparison and characterization of
silver nanoparticles to other phytochemicals need to be
carried out.
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Medicinal plants are used to control and remediate oxidative stress related diseases caused by free radicals. Thus, these plants find
their use as remedy.Moringa oleifera is an extremely valued plant for its medicinal properties. Herein, two indigenously produced
accessions ofMoringa oleifera seeds [originated from Multan (M-Mln) and India (PKM1)] were investigated for their antioxidant
properties by 2.2-Diphenyl-1picrylhydrazyl (DPPH) assay, total phenolics content and total flavonoids content. The presence of
various phenolics as well as flavonoids was further confirmed by high performance liquid chromatography. Moreover, fourier
transform infrared spectroscopy detected the presence of various functional groups. In conclusion, these findings revealed that
the methanol extract of M-Mln variety seeds showed high antioxidant potential, having IC50 value of 84 μg/ml. While, hexane
extract of PKM1 showed least activity. The methanol extract of M-Mln was found to show highest total phenolics content as
33:83 ± 1:19mg GAE/g. The methanol extract of M-Mln was found to show highest total flavonoids content as 76:07 ± 1:10mg
CAE/g. The hexane extract of PKM1 was found to show least total flavonoids content as 22:47 ± 1:70mg CAE/g. The detection
of phenolics (ferulic acid, caffeic acid, chlorogenic acid, coumaric acid, and gallic acid) as well as flavonoids (catechin and
quercetin) revealed the potential of methanol extracts of both varieties as a good source of antioxidants. The results indicated
the importance of seed extracts in the treatment of oxidative stress related diseases. In future, the use of natural antioxidants
will prevent the progression of diseases.

1. Introduction

In living systems, oxidation reactions occur commonly. The
cellular metabolism and respiration are reactions which fre-
quently occur in human body. These oxidation reactions
produce free radicals, such as reactive oxygen species as well
as reactive nitrogen species [1]. These free radicals not only
initiate different chain reactions, often toxic to cells, but also
cause several destructive effects such as lipid peroxidation,
DNA damage, protein degradation, and tissue injury which
contribute to different diseases such as arthritis, liver dis-
eases, atherosclerosis, diabetes, cancer, neurodegenerative

disorders, and ageing [2, 3]. The detrimental effects of free
radicals cause potential biological damage in living cells, also
known as oxidative stress, when production of free radicals
is overwhelmed by the body’s ability to defend against free
radicals [4, 5].

The human body is naturally blessed with different anti-
oxidants (i.e., enzymatic and nonenzymatic) as defensive
mechanism like thioredoxin, superoxide dismutases, cata-
lases, uric acid, glutathione, and ascorbic acid which help
the body to terminate the chain reactions initiated by free
radicals [6, 7]. Nowadays, there is an increased interest in
natural antioxidants that may be used to oppose free radicals
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with a view to lower the risk of associated diseases. Such res-
ervoirs of natural antioxidants are different products of plant
origin [4, 8].

Moringa oleifera (M. oleifera) is a small sized shrub like
deciduous tree with soft and fragile stem found in different
regions of the world, which belongs to family Moringaceae,
native to Pakistan, India, Pacific Island, South America,
Africa, Arabian Peninsula, Southeast Asia, and Caribbean
Islands [1, 2]. It is grown in tropics and subtropics regions
of the world. Because it is being cultivated in different
regions of the world, M. oleifera is also known by many
other local names i.e., horseradish tree, miracle tree, drum-
stick tree, and ben oil tree [9]. Due to its excessive use at
household, it is commonly called as “The Mother’s Best
Friend”. A number of therapeutics and various medicinal
characteristics have been attributed to different parts of tree
due to presence of minerals and vitamins. Moringa species
contain numerous unique compounds and it contains com-
pounds rich in rhamnose, a simple carbohydrate. Glucosin-
olates and isothiocyanates, a group of compound is
characteristically found in moringa family.

Specific parts of Moringa are reported to have 4-(4′O
acetyl rhamnopyranosyloxy) benzyl isothiocyanate, an effec-
tive antibacterial agent (Bhattacharya et al.), pterygosper-
min, benzyl isothiocyanate [10], 4 (L-rhamnopyranosyloxy)
benzyl glucosinolate [11], 4 (L-rhamnopyranosyloxy) benzyl
isothiocyanate [12], and niazimicin as effective hypotensive
and anticancer agents [13]. M. oleifera plant have potent
antimicrobial, aphrodisiac, antihyperglycemic, antiulcer,
antioxidant, antiepileptic, anticancer, antihypertensive, and
anti-inflammatory activities (Asmari et al.) as listed in
Table 1. The hypotensive, antibacterial, and anticancer activity
is reported in seeds extracts due to some specific components as
4-(4′-acetyl rhamnopyranosyloxy)benzyl isothiocyanate, benzyl
isothiocyanate, niazimicin, and pterygospermin [14, 15]. It is a
source of polyphenols which are reported for antioxidant,
antimicrobial, anticancer, anti-inflammatory, antihyperten-
sive, antitumor, and antifungal activity. Some of the most
reported phytochemical compounds are flavonoids, luteolin,
quercetin, tannins, triterpenes, and glycosides. The antioxi-
dant activity varies with environmental conditions, plant tis-
sues, and harvest season [16, 17].

The seeds of the plant exhibit various biological activities
like, antidiabetic [31], anti-inflammatory [32], hepatoprotec-
tive [33], anticancer [34], cardiovascular, CNS, analgesic
[35], wound healing [36], antiallergic, antifertility, antiasth-
matic [37], antiulcer, and antipyretic activity [38]. Therefore,
this study was designed to evaluate the antioxidant potential
ofM. oleifera seeds of two different accessions from different
regions. This study quantified the polyphenolic contents
(i.e., total phenolics and total flavonoids) and estimated phy-
tochemicals to investigate free radical scavenging activity viz
a viz the antioxidant activity of various extracts of M. olei-
fera Multan (M-Mln) and Indian (PKM1) variety seeds.

2. Materials and Methods

2.1. Plant Material and Extraction. The seeds of M. oleifera
of two different accessions, originated from Multan (M-

Mln) and India (PKM1) were collected from M. oleifera
plants grown at Department of Crop Physiology, University
of Agriculture, Faisalabad, Pakistan. The seeds were authen-
ticated by the Faculty of Department of Botany, Government
College University, Faisalabad, Pakistan. Prior to extraction,
the seed wings and coats were removed manually and the
obtained kernels were ground in blender to obtain fine pow-
der. The powder of both varieties were extracted with 100%
methanol and n-Hexane. It was filtered by Whatman No. 1
filter paper. The excess solvent was evaporated at 40°C in a
rotary evaporator and it was concentrated to crude extract
and it was kept at 4°C in air tight dark bottles. The sample
and solvent mass ratio was kept at 1 : 10 during extraction.

2.2. Fourier Transform Infrared Spectroscopy. FTIR spectros-
copy (Perkin Elmer, USA) was done to evaluate the presence
of various compounds and functional groups through ATR
sampling technique in % transmittance mode (in the range
of 4000-500 cm-1) with 45 scan recorder [39]. Dry powder
of M. oleifera seeds was used for FTIR analysis. 10mg of
dry powder was encapsulated in 100mg of potassium bro-
mide pellets. The samples were loaded in FTIR spectropho-
tometer, and recorded spectra was obtained.

2.3. High Performance Liquid Chromatography. HPLC was
performed in accordance with chromera HPLC system (Per-
kin Elmer, USA). HPLCwas done to estimate different pheno-
lics and flavonoids in methanol seed extracts of both varieties
[40]. The sample was prepared by dissolving 50mg of extract
in 40ml methanol, acidified by dissolving in HCl, and filtered
by syringe filter. The filtered sample was injected in HPLC
stream. Phenolics and flavonoids were identified by recording
their retention time and peaks.

2.4. Antioxidant Activity Assay

2.4.1. DPPH Free Radical Scavenging Assay. The antioxidant
potential of methanol and n-Hexane extracts of M-Mln and
PKM1 seeds was checked by determining the scavenging
activity of DPPH free radicals based on method of Hossain
et al. [41] with slight modification. 1mL of DPPH (Sigma-
Aldrich) solution was prepared. 55μL of extracts was mixed
in Dimethyl Sulphoxide (DMSO), and it was further dis-
solved in 150μL of DPPH. The solution was then reconsti-
tuted in methanol (0.1mM), and the final volume was
made up to 250μL. The mixture was then placed in dark
for 30 minutes to observe color change, and absorbance
was taken at 540nm with a spectrophotometer. The blank
was run concurrently containing DMSO. The experiment
was carried out in triplicate. Free radicals scavenging activity
was calculated using the following formula:

inhibition rate %ð Þ = Abscontrol −Abssample
� �

×
100

Abscontrol
:

ð1Þ

The 50% inhibitory concentration (IC50) was calculated
to evaluate the minimum active quantity of the extracts
required to react with a half quantity of DPPH free radicals.
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2.4.2. Total Flavonoids Content. The TFC of M-Mln and
PKM1 varieties of M. oleifera seeds methanol and n-
Hexane extracts were evaluated by protocol of Sharma
et al. [42] with slight modification. The extract was mixed
with 2mL of water and 0.15mL of sodium nitrate solution,
and it was incubated in an incubator for 6 minutes. Then,
4% NaOH solution was added to the mixture. The final vol-
ume was made up to 5mL by adding methanol. Catechin
was taken as a reference and standard compound. The
absorbance was measured at 415nm after the incubation in
a double beam UV-Vis spectrophotometer. The total flavo-

noids content of the extract was expressed as catechin equiv-
alents from standard curve of the catechin.

2.4.3. Total Phenolic Content. The TPC of methanol and n-
Hexane extracts of M-Mln and PKM1 varieties ofM. oleifera
seeds were assessed with Folin-Ciocalteu assay [43] with
slight modification. To make a standardization curve at
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5, and 4.0mL of gallic acid
equivalent, stock solution was poured in100 mL flask. It
was further mixed with distilled water to make gallic acid
and sodium carbonate solution. The concentrations of

Table 1: Comparative analysis of various phytochemicals and their uses isolated from different parts of Moringa oleifera.

Part of
Moringa
oleifera

Identified compounds Benefits References

Seeds

Proteins, fats, carbohydrates, amino acids (methionine,
cysteine), cationic proteins, Rhamnose (4-(α-L-
rhamnopyranosyloxy)-benzylglucosinolate),

benzylglucosinolate, moringyne, monopalmitic acid, dioleic
triglyceride, vitamin A, beta carotene, pterygospermin

Decrease lipid peroxides, water treatment, and
antirheumatism

[11,
18–20]

Flowers
D-mannose, polysaccharide, proteins, D-glucose, and

ascorbic acid

Cholagogue, aphrodisiac anti-inflammatory; cures
muscle diseases, antitumor, antihysteria; stops
enlargement of spleen; lower serum cholesterol
level; controls lipid level of liver, and heart

[21, 22]

Roots
4-(α-L-rhamnopyranosyloxy)-benzylglucosinolate and

benzylglucosinolate

Laxative, rubefacient, circulatory tonic; treat kidney
and back pain; antifertility, antirheumatism, and

antiarthritis

[14, 23,
24]

Leaves

Glycosides, kaempferol-3-O-glucoside, quercetin, 4-[4-O-
acetyl-(α -L-rhamnosyloxy) benzyl] isothiocyanate, niazirin,
niazirinin, three mustard oil glycosides, niaziminin A and B,

and 3-caffeoylquinic

Full of nutrition; headache reliever; treat fever;
helps in curing piles; cures throat, eyes, and ears
infections; cure scurvy; control blood glucose levels

[10, 11,
18]

Gum
L-arabinose, D-mannose, D-galactose, L-rhamnose,
leucoanthocyanin, D-glucuronic acid, and D-xylose

Treats dental problems; relieves headache;
abortifacient; treats syphilis, and cures rheumatism;

prevents dysentery; relieves intestinal pain
[25–27]

Bark 4-(α-L-rhamnopyranosyloxy)-benzylglucosinolate
Aids in treatment of delirium; cures eye infections;

soothes earaches; work as a painkiller.
[28–30]

4000 3500 3000 2500 2000 1500 1000 500

0.3

0.4

0.5

0.6

0.7

Wavenumber (cm-1)

Tr
an

sm
itt

an
ce

 (%
)

Figure 1: FTIR spectrum of M-Mln variety seeds.
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phenols were checked by using reagent at 650nm. The
gallic acid was used as a standard, and thus total phenolic
concentrations were expressed in the form of gallic acid
equivalents.

3. Results and Discussion

3.1. FTIR Spectroscopy. The FTIR analysis, a reliable and sen-
sitive technique, was done to detect various bonds and
stretches and functional groups based on peak values in IR
region [44]. FTIR spectra was obtained by using a Bruker,
vector using KBr pellets at room temperature with wave-

number measured in frequency range of 4000-500 cm-1.
The obtained peak ratio was used to separate and identify
the functional groups. The FTIR spectra of M-Mln variety
was recorded and the characteristic peaks (Figure 1). Most
of the peaks represent major functional groups present in
M-Mln variety and presents a comprehensive outlook on
the presence of proteins, carbohydrates, and lipid compo-
nents in the sample. A sharp peak at the 2920 cm-1 and
2850 cm-1 can be attributed and related symmetrical and
asymmetrical C–H stretch [45]. Another sharp peak at
1640 cm-1 can be attributed to the presence of C =O bond.
An amide vibration also appeared at 1420 cm-1.
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Figure 2: FTIR spectrum of PKM1 variety seeds.

Table 2: FTIR peak values and functional groups of both varieties of seeds [48–51].

S. no Accessions
Wavenumber

(cm-1)
Assignment Possible nutrient type

1 M-Mln

608 CH out-of-plane bending vibrations Organic compounds

935 Carbon-related component Organic compounds

1047 C-O stretching coupled with C-O bending of the C-OH Carbohydrates

1160 CO stretching, stretching vibrations of hydrogen-bonding C-OH groups Proteins

1235 Asymmetric PO2- stretching Amide III

1456 Asymmetric CH3 bending modes of the methyl group Proteins

1633 C-C stretch Proteins

1648 C =O, C =N , and N-H stretching vibrations Proteins

1749 Ester group (C =O) vibration of triglycerides Lipids

2348, 2859 NH component Lipids

2932, 2956 Asymmetric stretching vibration of CH3 of acyl chains Lipids

2 PKM1

738 C-cl stretching vibration Aliphatic chloro compounds

1160 C-O bending vibration Proteins and carbohydrates

1270 Aryl-O stretching vibration Aromatic ethers

1402 Symmetric stretching vibration of COO- group of amino acids Proteins

1524 Stretching vibrations of C =N , C = C, and C =N Proteins

3093, 3275 C-H ring Aromatic compounds
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The broad-band centered at 3420 cm-1 can be assigned to
the presence of protein and fatty acids [45] (Figure 2). Addi-
tionally, the peak in the region of 1370cm-1 is due to the com-
bination of deformation of methyl andmethylene groups [46].
Another peak at 1030cm-1 can be related to the presence of
carbohydrates due to C =O stretch. Furthermore, the peaks
at 1300 cm-1 can be attributed to the low-molecular-weight
carbohydrates as this region is commonly characterized as fin-
gerprint region [47]. Moreover, the appearance of specific
peaks at 3350cm-1 confirmed the presence of phenolic com-
pounds [48], signifying the antioxidant potential of seeds.

The characteristic peak values, bonds, stretches, and
functional groups of both varieties are illustrated in
Table 2. 13 peaks can be observed through the spectrum of
M-Mln seeds sample. The corresponding peaks revealed
the presence of high content of proteins and lipids in M-
Mln seeds. Whereas, the spectrum of PKM1 sample showed
7 peaks of functional groups which can be related to the pro-
teins and lipids as possible nutrients. The presence of char-
acteristic peaks in the spectra of both varieties exhibited
the presence of phenolics as well as flavonoids. These read-
ings show that M-Mln seeds can be used as rich source of
proteins and lipids due to the presence of comparatively

more functional groups than that of PKM1, indicating that
the indigenously produced M-Mln seeds may be an ideal
source of pharmaceutical uses.

3.2. HPLC. HPLC is one of the most promising analytical
methods used to identify and quantify different antioxidants
present in plants. During this study, HPLC was used to iden-
tify the antioxidants in the methanol extracts of both varie-
ties of M. oleifera seeds due to its high resolution, faster
evaluation, better compound separation, and high sensitiv-
ity. The HPLC chromatograms of both varieties were suc-
cessfully developed by using reverse phase column. The
mobile phase at high resolution was used to obtain different
peaks to quantify these compounds. Various phenolics, such
as gallic acid, catechin, chlorogenic acid, coumaric acid, and
sinapic acid were detected in M-Mln variety chromatogram,
while quercitin was detected as flavonoid (Figure 3). Addi-
tionally, PKM1 variety chromatogram exhibited the pres-
ence of sinapic acid and salicylic acid along with coumaric
acid and caffeic acid (Figure 4). The presence of phenolics
and flavonoids revealed that the methanol extracts of both
varieties are good source of antioxidants. The peaks of
HPLC chromatogram of M-Mln variety seed methanol

Figure 3: HPLC spectrum of compounds from methanol extract of M-Mln variety M. oleifera seeds.
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Figure 4: HPLC spectrum of compounds from methanol extract of PKM1 variety M. oleifera seeds.

Table 3: Characteristic absorption peaks with their amount of M-Mln variety.

Peaks Retention time (min) Component Nature Area Height K-factor Total amount (ppm)

1 2.806 Gallic acid Phenolic 544,037.4 71,328.6 0.0007 380.82618

2 3.386 Catechin Phenolic 338,226.6 49,771.5 0.000254 85.909

3 5.227 Chlorogenic acid Phenolic 104,856.7 11,091.5 0.000556 58.3003

4 5.596 P-coumeric acid Phenolic 116,404.2 12,438.0 0.000871 101.388

5 7.041 BHT Phenolic 762,383.8 80,103.7 0.00025 190.595

6 7.842 Caffeic acid Phenolic 1,318,761.3 70,615.5 0.00040 527.50

7 12.679 Sinapic acid Phenolic 344,898.5 33,079.7 0.000435 150.030

8 12.967 Ferulic acid Phenolic 542,153.2 51,932.4 0.000877 475.46

9 24.893 Querctin Flavonoid 270,762.4 20,610.2 0.000665 180.05

6 BioMed Research International
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extract showed that it consists of high content of phenolics
and flavonoids.

Caffeic acid was detected in highest amount among all
the phenolics. Caffeic acid is known for its most potent anti-
oxidant activity. The amount of phenolics can be ordered as
caffeic acid > ferulic acid > gallic acid > BHT > sinapic acid >
P − coumaric acid > catechin > chlorogenic acid (Table 3).
Quercitin was the only flavonoid detected through HPLC
chromatogram. Quercitin is one of the most potent antioxi-
dant and also used commercially in pharmaceutical purposes.
Moreover, it is a potent and versatile antioxidant, medically
used to protect the cells from injury induced by inner or outer
stimuli. The anti-inflammatory and antioxidant properties of
phenolics and flavonoids help to remove free radicals and pro-
vide protection against free radical damage.

The maximum amount of chlorogenic acid as phenolic
was detected in PKM1 seeds (Table 4). The amount of phe-
nolic can be ordered as: chlorogenic acid > coumaric acid >
caffeic acid. The amount of flavonoid in PKM1 seeds can
be orderd as: sinapic acid > salicylic acid. The salicylic acid
is one of the most explored and commercially used flavonoid
for its antioxidative properties. Both varieties possess good
amount of phenolic and flavonoid. M-Mln contains more
phenolics than PKM1. HPLC analysis of methanol extract
of both varieties can allow the researchers to adjust the
nutritional proportions for clinical uses as antioxidants as
M-Mln seeds are rich source of antioxidants specifically phe-
nolics. Therefore, the use of moringa seeds as natural antiox-
idants could prove more beneficial than the synthetic and
commercially available antioxidants.

3.3. Antioxidant Activity Assay

3.3.1. DPPH Assay. DPPH radical scavenging assay is com-
monly used to determine the antioxidant potential, and only

the potent antioxidant candidate can promisingly scavenge
the DPPH free radicals, thus it may also inhibit major mech-
anisms associated with oxidative stress, mainly caused by
lipid peroxidation. In order to evaluate the DPPH radical-
scavenging activity of the two extracts of M. oleifera seeds,
we examined a significant (p < 0:05) decrease in the concen-
tration of DPPH free radicals through our specific experi-
mental setup, due to the scavenging potential of these
extracts (Figure 5).

Free radicals scavenging activity of methanol and n-Hexane
extracts ofM-Mln and PKM1 seeds were compared. The results
were expressed as percentage of inhibition (%). The highest per-
centage of inhibition and least IC50 of all samples were
recorded (Table 5). The highest mean percentage of inhibition
of DPPH free radicals was observed in methanol extracts as
compared to the n-Hexane extract of M-Mln seeds as reported
by [52]. The results of DPPH free radical scavenging activity
indicated that M. oleifera seed extracts have significant and
concentration-dependent scavenging activity with themethanol
fraction being the most active one as shown in Figure 5.

The results showed that the methanol M-Mln seed
extract possess the highest percentage of inhibition with
60:22 ± 1:32% and followed by the methanol PKM1 seed
extract which possess the percentage of inhibition of 54:92
± 1:13% (Table 5). Though, the lowest inhibitory concentra-
tion (IC50) was 84μg/ml detected in methanol M-Mln seed
extract. Many researches have revealed the effectiveness of
M. oleifera as a source of antioxidants as evidenced by iden-
tification of Ascorbic acid, flavonoid, tocopherols, and phe-
nolic [43, 53–55]. These findings concluded the M-Mln
seeds as an excellent source of natural antioxidants.

As illustrated in Table 5, methanol extract of M-Mln
seeds showed the lowest IC50 values (84μg/ml), which cor-
respond to the greatest DPPH radical scavenging potential,

Table 4: Characteristic absorption peaks with their amount of PKM1 variety.

Peak RT (min) Component Nature Area Height K- factor Final amount (ppm)

1 2.799 Chlorogenic acid Phenolic 484,088.1 53,554.5 0.0008 387.27

2 3.023 Coumaric acid Phenolic 537,838.6 62,551.3 0.0001 53.7838

3 7.478 Caffeic acid Phenolic 73,891.8 4,703.5 0.0004 29.556

4 12.176 Sinapic acid Flavonoid 1,039,867.8 70,823.3 0.0003 311.96

5 15.608 Salicylic acid Flavonoid 34,881.7 2,630.1 0.00023 80.2227
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Figure 5: Percentage of inhibition of free radicals by seed extracts of M. oleifera.
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followed by IC50 value of PKM1 (540μg/ml). Consistent
with the reported studies, the DPPH free radicals can be
effectively inhibited by methanol extract of M. oleifera seeds
with an excellent inhibition of 60.22%, whereas the hexane
extracts showed comparatively less DPPH scavenging poten-
tial, and respective percentage inhibitions were 34.53% and
29.13% at the same concentration. The radical scavenging
ability ofM. oleifera seeds is remarkable to inhibit the oxida-
tive stress.

3.3.2. Total Flavonoids Content. The antioxidant activity of
extracts is mainly associated with the active phytochemicals,
ubiquitous in plants. Flavonoids, a special class of phenolic
compounds, can scavenge/delay the oxidation via transfer
of electrons to radicals. Flavoinoids are secondary metabo-
lites, enhance the activity of Vitamin C, biologically active
and important antioxidants. In this study, TFC was done
to quantify the antioxidants in M. oleifera seeds extracts
(Figure 6). It could be seen that the methanol extract of
M-Mln seeds showed the highest TFC, followed by methanol
extract of PKM1. These findings were consistent with
reported higher radical scavenging efficiency.

The total flavonoids content was higher in both metha-
nol seed extracts than n-Hexane extracts (Figure 6). The
methanol extract of M-Mln was found to comprise thrice
flavonoids of hexane extract. Whereas, the least was
observed from the n-Hexane extract of PKM1 (Table 6) as
reported by [56]. The methanol extract of M-Mln was found
to show highest TFC as 76:07 ± 1:10mg/g. The hexane
extract of PKM1 was found to show least TFC as 22:47 ±
1:70mg/g.

These findings indicated that the TFC in methanol
extracts were significantly higher than that of other extracts.
Methanol extracts exhibited most potent radical-scavenging
activity, consistent with other studies, in which the role of
flavonoids as antioxidants had previously suggested. Fur-
thermore, the antioxidant activity in plants is mainly con-
tributed by their phenolic compounds, such as flavonoids,
therefore, such findings could play a pivotal role in corre-
sponding medicinal plants.

3.3.3. Total Phenolics Content. The antioxidant efficacy of
phenol-based antioxidants is mainly linked to the redox
properties of the compounds and their structural character-
istics such as hydrogen-donating hydroxyl groups, which
ultimately afford the quenching of free radicals generated

in response to oxidative damage. TPC of methanol extracts
of M-Mln was found to be higher than hexane extracts
(Figure 7) as the findings of [57].

The methanol extract of M-Mln was found to show
highest TPC as 33:83 ± 1:19mg/g. The hexane extract of
PKM1 was found to show least TPC as 27:28 ± 0:95mg/g
(Table 7). It is due to the difference in polarity of two sol-
vents used during study. The phenolics can be extracted in
polar solvents. The results indicated the presence of fine
phenolics in M-Mln variety than PKM1 variety.

Solvent based extraction of seeds has shown substantial
role in varied antioxidant activity depending on their pheno-
lic content extracted. Hydroxyl (OH) group in phenolics
may be directly involved in enhanced antioxidant activity
and a key determinant of their free radical scavenging

Table 5: Mean (%) inhibition of DPPH radicals of M-Mln and
PKM1 seeds of M. oleifera.

Extract Samples
Mean (%) inhibition of
DPPH radicals ± SD IC50 (μg/ml)

Methanol
M-Mln 60:22 ± 1:32 84

PKM1 54:92 ± 1:13 540

Hexane
M-Mln 34:53 ± 1:51

PKM1 29:13 ± 1:24

n = 3 means values represent mean percentage inhibition of DPPH radicals
of M-Mln and PKM1 seeds of M. oleifera.
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Figure 6: Total flavonoid content of extracts of M. oleifera seeds
(mg CAE/g).

Table 6: Total flavonoid content of extracts of M. oleifera seeds.

Extracts Samples TFC of M. oleifera (mg CAE/g)

Methanol
M-Mln 76:07 ± 1:10

PKM1 53:75 ± 0:90

Hexane
M-Mln 42:68 ± 2:12

PKM1 22:47 ± 1:70

n =3 represents mean values of TFC of M. oleifera seeds.
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Figure 7: Total phenolic content of extracts of M. oleifera seeds
(mg GAE/g).
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ability. Nevertheless, phenolics have been reported as a sig-
nificant class of secondary metabolites which are found in
medicinal plants. Thus, M. oleifera can be used as a source
of phenolics. However, its use can help to reduce the risk
of diseases by its antioxidant power.

4. Conclusion

This study has showed that the seeds of M. oleifera is a
potent source of antioxidants. Two indigenously produced
varieties were analyzed. The antioxidant activity was greatly
affected by the solvent used for extraction. The methanol
extracts of both varieties showed better free radical scaveng-
ing activity than those of hexane extracts. These findings
verified and validated the traditional use of seeds in order
to treat oxidative stress related diseases as well as other dis-
eases. The methanol extract of M-Mln variety with lowest
IC50 value proved its more antioxidant potential than hex-
ane extract. Besides, the total phenolics as well as flavonoids
content also proved better potential of methanol extracts
over hexane extracts, which contributed to antioxidant activ-
ity. Phenols and flavonoids are naturally found secondary
metabolites in medicinal plant, which are extracted to cure
various diseases related to oxidative stress caused by free
radicals. These findings showed that the M. oleifera seeds
possess the potency to cure oxidative stress, which can be
ascribed to the presence of important phytochemicals. Thus,
the present work along with previous researches reveal that
the M. oleifera is a tremendous plant for its biomedical
applications, which can be used to improve the health con-
cerns along with overall nutrition rate in developing coun-
tries due to its nutritional benefits and biologically active
products. Further work is needed to carry out more pharma-
cological support behind its use for its antioxidant purposes.
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Computer tomography is an extensively used method for the detection of the disease in the subjects. Basically, computer-aided
tomography depending on the artificial intelligence reveals its significance in smart health care monitoring system. Owing to
its security and the private issue, analyzing the computed tomography dataset has become a tedious process. This study puts
forward the convolutional autoencrypted deep learning neural network to assist unsupervised learning technique. By carrying
out various experiments, our proposed method produces better results comparative to other traditional methods, which
efficaciously solves the issues related to the artificial image description. Hence, the convolutional autoencoder is widely
used in measuring the lumps in the bronchi. With the unsupervised machine learning, the extracted features are used for
various applications.

1. Introduction

Computed tomography is a widely used method in recent
years, in which clinician early examines the nature of the
disease in a very systematic manner and the cause of the
disease is also detected priorly. For each and every subject,
there may be several images taken for examination due to
this complexity and proper validation is not possible; thus,
to solve this, smart medical management plays a vital role
[1]. Primarily, detection of the lumps in the bronchi is of
main task; hence, this helps in detecting the early stage of

the tumor in the bronchi through the enormous quantity
of the pneumatic computed tomography images. Thus, the
examination of the images is done in several ways: (i) to
define the ROI (region of interest), (ii) image segmentation,
and (iii) manual feature extraction and finally classification
[2]. In order to analyze the lump, the extraction of the
features is performed. Considering the size, shape, and edges
of the lump, the disease is classified. The systematic
approach does not provide better results [3]. Medical exper-
tise may produce a defective result in examining the disease.
Thus, the feature extraction process helps in the analyses of
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the lump in the bronchi. Thus, convolution neural network
plays a significant role in the determining the lump in the
bronchi better than that of the manual feature extraction
process. Hence, the numerous datasets are needed for this
feature extraction process [4].

To overcome these challenges, an effective deep learning
framework depending on convolutional autoencrypted neu-
ral network (CANN) was used for categorizing the lump in
the bronchi [5]. The initial stage required for examining
the lump in the bronchi uses the normal image, and then
from the input image, the features are represented. In order
to classify the lump in the bronchi, the computed tomog-
raphy images are required and the spotted images are
extracted. Each respective spot contains the particular set
of results. The result proves that the suggested method is
much effective in the feature extraction process [6]. The
main essential of using convolutional autoencoder neural
network rather than using CNN is to acquire the low-
dimensional noiseless image representation and acquisition
for the purpose of extracting its features and classification
and hence would yield higher accuracy results. It also aids
the added advantage of a unique case of an unsupervised
learning model for reproducing the best noiseless input
image with its adequate feature attribute values.

The illustration of the system defining the lack of
unlabeled feature samples has been depicted in Figure 1. In
addition to that, the illustration over the schematic block
functional representation of CANN for medical image
analysis has been depicted in Figure 2. From the actual
computed tomography images, the spotted parts are
thoughtlessly selected for the examination of the lumps in
the bronchi. Thus, the labelling of the image and the region
of the interest are calculated efficiently by the clinician [7].
Hence, there exists a lump in the respiratory track; thus, to
solve this issue, the learning approach is implemented. In
order to eliminate the huge amount of data obtained from
manual feature extraction process, our proposed method
uses CANN to avoid such issues; they are capable of
effectively detecting the inadequacy in the training data.
Through the original image, the feature extraction process
is performed. This kind of extinguished method does not
require segmentation process to detect the spot; these unsu-
pervised data are used in other various applications [8].
Performance realizations over the various classifications as
shown in Table 1.

2. Related Literature Survey

So as to obtain the extracted feature, the selection of features
has to be done. Deep learning is an emerging work per-
formed in the recent years. Comparative to the traditional
method, the data-driven feature learning approach produces
better results [9, 10]. With the help of the deep learning
technique, the feature extraction process is carried from
the original image datasets, and the intricate features are
extracted by the reoccurring layers. Essentially, the represen-
tation learning is categorized into two types; one is unsuper-
vised learning and supervised learning [11]. For the
prediction purpose, the data are transmitted from the initial

stage to the top most layer. The back propagation is the
technique used for evaluating the cost function linking the
predicted and the target value [12, 13]. CNN is basically used
in speech identification, image examination, and text explo-
ration. In the image examination, the CNN plays a vital role
in face identifying, segmentation of the cell, identifying the
breast images, and identifying the injury in the brain.
Whereas in unsupervised learning to predict the features of
the images, the unlabeled features are used and the fewer
amount of supervised data are used for attenuating the
parameters [14]. In this study, a convolutional autoen-
crypted learning algorithm is proposed to determine the fea-
tures of the computed tomography bronchi images and to
categorize the spot in the respiratory track. In our proposed
study, the unsupervised autoencrypted feature and CNN
were combined to extricate the feature of the image. Owing
to the lack of medical labeling images for the training
purpose, the unsupervised learning methods are incorpo-
rated [15].

3. Proposed CANN Model

The spot segregated from the original computed tomogra-
phy image is given as the input to the CANN for the feature
learning and representation process. The labelled data are
used for attenuating the parameters of the CANN. The spot
separated from the normal image is denoted by x ∈ X,
X∁Rm∗d∗d where m is the total number of the input channel
and d × d is the size of the input image. The labeled data
are denoted by y ∈ Y , Y∁Rn where n represents the number
of output classification. The hypothesis function is denoted
as f : X ⟶ Y . Thus, in the proposed model, the hypothesis
function f comprises of the multiple layers, and they are
not connected to X to Y directly [16]. The center layer
constitutes the three-pooling layer, three-convolution layer,
and fully connected layer. The structure of the CANN is
depicted in Figure 3.

The training data comprises of the labelled data and the
unlabeled data, UD = fx, x ∈ Xg and D = fx, y ; x ∈ X, y ∈ Yg
where UD denotes the unsupervised learning and the D
represents supervised learning.

3.1. Standard Autoencoder. Thus, to perform data-driven
representation learning, the supervised approach is initiated.
The weights are applied to both the forward and the back-
ward algorithms. The unlabeled input data are obtained
from the unsupervised approach compared to that of the
supervised approach. Autoencrypted method is applied in
this study [18]. Later on, in performing several iterations,
the cost function is validated. The input data is denoted by
I; it corresponds to m dimension vector I ∈ R^m:

3.2. Convolution Autoencoder. Convolution autoencoder
integrates convolution relation with the autoencrypted
process. The values obtained from the output are patched
via reverse convolution encrypted process. With the help
of unsupervised training, the decoding and encoding perfor-
mances are evaluated. The convolution encoder is repre-
sented by f ð:Þ, and the convolution decoder is denoted by

2 BioMed Research International
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f ð::Þ. Thus, the convolution autoencoder process includes m
convolution kernels. n is considered as the number of input
channel. The convolution kernel size is d × d.

The indiscriminate activation function is denoted by σ.
This comprises of the various functions such as the elliptical
function, inflated tangent function, and the rectified linear
function (Relu).

Relu xð Þ =
x x ≥ 0,

0 x < 0:

(
ð1Þ

3.3. Pooling. The proposed CANN method is analogous to
that of CNN. The pooling layer is connected to that of the
convolutional layer. In the proposed CANN method, there

exists the max pooling layer succeeding the convolutional
layer [18].

oij =max xij
� �

: ð2Þ

As per the size of the pooling layer, the input feature
map is subdivided into n overlapping regions. Thus, xij
denotes the region in the ith place and the feature map of
the jth position, and the oij denotes the region in the ith place
and the feature map of the jth position. In the pooling layer,
the number of inputs is equal to that of the number of the
output. After the pooling operation, the neurons in the

Acquisition of clinical
images

Image selection with
nodules

Classifcation of
nodules

Complexity faced in
retrieving the nodule class

Figure 1: Illustration of the system defining the lack of unlabeled feature samples.

Acquistion features
(unabeled feature

samples)

Intelligent alogrith,
for clinical image

analysis

Convolultional autoencoder
neural network for analyzing the

clinical images

Figure 2: Illustration of CANN for medical image analysis.

Table 1: Performance realizations over the various classifications.

Methodology Precision (%) Recall (%) Accuracy (%) AUC F1 (%)

AE 78.45 77.24 77.43 0.82 77.35

CANN 93.45 92.42 92.16 0.98 92.19

CNN 90.46 91.28 91.99 0.93 91.56

MCCNN 91.22 90.65 89.14 0.96 91.23
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feature map gets reduced. Thus, there is reduction in the
computational complexity.

3.4. Cost Function. SoftMax layer is useful for categorizing
according to the feature such as the max pooling layer, fully
connected layer, and multiple convolution autoencrypted
process. The bronchi computed tomography image is distin-
guished into several categories [19]. Basically, byi denotes the
random probability of the lumps and the absence of the
lumps.

byi = e oið Þ

∑2
k=1e

ok
, i = 0, 1: ð3Þ

The cost function is represented by L. In order to reduce
L, the SGD is initialized. Thus, y is denoted as the sample
data. The absence of lumps is represented by 1.

L = − y log by0 + 1 − yð Þ log by1ð Þ: ð4Þ

3.5. Training Parameters

3.5.1. Convolution Autoencoder. The unsampled images are
used for training the autoencrypted process. With the use
of cost function, the gradient is calculated. Each sample is
incorporated in the particular set of process; for each
iteration, 50 samples are utilized; thus, the total number of
samples per layer is denoted by 50 × ðN/100Þ. Hence,
numerous channels are accompanied in the convolution
encoder and decoder.

3.5.2. Fully Connected Layer. The fully connected layer
attains its input from the last layer called the polling layer.
They are represented by 500 neurons. They are intercon-
nected by the SoftMax classifier. At the fully connected layer,
the parameter obtained via supervised learning is classified
by the SoftMax classifier. For the categorizing process,
1800 labelled data are utilized [20].

3.5.3. Algorithm of Training CANN. The training in CANN
depends on both the supervised and unsupervised learning.

4. Results and Discussions

4.1. Dataset. The data used for classification are gathered in
the health center present in China [18]. It comprises of the
5000 subjects’ bronchi images from 2012 to 2015. Hence,

for each lump, the clinician examines the region of interest
portion. The data are segregated into several datasets,
namely, D1, D2, and D3, respectively [21, 22].

D1: it constitutes 50000 samples from the unlabeled
data of the unsupervised learning with the spot traced
about of 64 × 64. These minute spots are examined in each
subject [23]

D2: D2 comprises of the labelled data with the spot of
64 × 64, approximately of 3700 traces. These are determined
by the clinician out of which 1890 constitutes diseased image
and the 1810 comprises of normal images [24]

D3: the D3 comprises of the 500 pair of the labelled spot.
These images are notified by the clinician. The resemblance
predicted is from 1 to 4 where 4 is the greatest resemblance
obtained and 1 is the lowest resemblance occurred. Thus, the
60 samples are vomited with the same resemblance of the
value 2. It is determined that the midway resemblance value
is vomited

4.2. Architecture Built with Convolution. In our study, two
kinds of CANN are suggested; one is C-CANN and the other
is S-CANN. The C-CANN is used for classification purpose,
and the S-CANN is used for computing the similarity in the
process [25]. The C-CANN comprises of three groups con-
necting the pooling and the convolution layer accompanied
by the fully connected layer and a classifier. The specification
is represented below. The experimentation is being carried
out using MATLAB version 2018.

The input constitutes 64 × 64 spots.
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Figure 4: The resultant characteristics of training sample count
read over the accuracy of classification over MCNN and CANN.
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Figure 3: Illustration over the structure of CANN for clinical image analysis [17].
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There are three convolution layer and three max pooling
layers.

C1: in the initial phase, the convolution layer comprises
of 5 × 5 spots, and the total number of the convolutional
part is 50

P1: the pooling area constitutes the size of about 2 × 2
C2: in the next phase, the convolution layer comprises

of 3 × 3 spots, and the total number of the convolutional
part is 50

P2: the pooling area constitutes the size of about 2 × 2
C3: the convolution layer comprises of 3 × 3 spots, and

the total number of the convolutional part is 50
P3: the pooling area constitutes the size of about 2 × 2
S-CANN comprises of 8 layers similar to that of the

C-CANN. The feature extraction is done for the set of
images and the evaluation is carried out.

4.3. Classification

4.3.1. Impact of Sample Images. Depending on the accuracy
of the CANN and MCNN, the performance of them is com-
puted. Thus, with the value of 2950 for both, the method
execution is well performed. When it reaches 700 or 800,
CANN produces better results [17].

4.3.2. Performance Comparison and Classification. Both the
CNN and the conventional learning method produce identi-

cal result in determining the spot in the bronchi; they both
use the labelled dataset for classification. Utilizing the for-
ward and backward propagation, the network parameters
are learnt. MCNN is an alternative of the CNN. The perfor-
mances of the CNN, CANN, and MCCNN are compared
and the ROC is plotted. The performance metrics such as
precision, recall, accuracy, and F1 score have been calculated
as follows:
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Precision =
TP

TP + FP
=

Total number of perfectly predicted true instances
Total number of positive predictions as result of experimentation

, ð5Þ

Accuracy =
TP + TN

TP + TN + FP + FN
=
Total correct predictions

Total predictions
, ð6Þ

Recall =
TP

TP + FN
, ð7Þ

F1 score = 2 ∗ Recall ∗ Precision
Recall + Precision

: ð8Þ
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The architecture of the CANN is utilized by the CNN
and MCCNN. Thus, the precision, recall, accuracy, and F1
are obtained as 93.45%, 92.42%, 92.16%, and 92.19%, respec-
tively. Despite the above method, the AE produces the preci-
sion, recall, accuracy, and F1 of about 78.45%, 77.24%,
77.43%, and 77.35%, respectively. The evaluation index of
the CNN is 90.46%, 91.28%, 91.99%, and 91.56%. In addi-
tion to that, the evaluation index of MCNN is 91.22%,
90.65%, 89.14%, and 91.23%. Thus, the performance of the
CANN is better compared to that of the CNN and MCCNN.
Consequently, the AUC of AE, CANN, CNN, and MCCNN
are 0.82, 0.98, 0.93, and 0.96, respectively, as shown in
Figure 4.

4.4. Similarity Check. This technique enables clinician to
predict the occurrence of the similar image. The similarity
determination includes several parameters to be encoun-
tered; they are patterning, size, depth, boundary, etc.

Figure 5 shows the CANN performance regarding the
similarity, classification, recall, accuracy, and F1. Thus, bet-
ter results are obtained with the CANN method. Figure 6
depicts the ROC over classification performance. It is
inferred that the attained error rate is being realized with
the value of 0.92 which is as close to unity.

5. Conclusion

In this study, the image analysis pair of approaches has been
initialized. The traditional approach is time-consuming and
it requires huge labor; thus, data-driven approach is capable
of losing the data about the spot occurred in the bronchi,
whereby due to scarcity of the labelled data, these two
methods are not implemented. Hence, our study proposed
a CANN-based data-driven model with the addition of
numerous unlabeled data and the fewer labelled data are
used. The main novelty which has been incorporated is the
processing of data being made in a pattern of grid with min-
imal complexity and minimal noises, and it follows the
adaptive strategy in acquiring the hierarchical feature sub-
sets from minimal to maximal level patterns. This study
evaluates the spot in the bronchi and performs classification
task as well as the similarity validation is also performed.
Through lot of experiments, the proposed method is esti-
mated as best for classifying the spot in the bronchi. Our
future work involves combining the data-driven feature
learning with the base knowledge, and further process is
performed.
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The objective of the study is to look at the activation of stem cell-related markers in lung adenocarcinoma. Utilizing an
unsupervised machine learning approach centered on the mRNA expression of pluripotent stem cells as well as its subsequent
developed progeny, the mRNA stemness index of further around 500 LUAD patients from The Cancer Genome Atlas dataset
was generated. In LUADs, mRNAsi had first been investigated using differential variations, survivability analyses, medical
phases, and sexuality. A computational approach is used for identifying cell clusters utilizing fuzzy clustering. There at
transcriptional as well as protein stages, the interactions between the genetic markers were investigated. The functionality and
processes of the important genes were annotated using expression values. The degree of gene expression related to the clinical
symptoms and the likelihood of surviving have also been confirmed. In cancer patients, the mRNAsi genes were highly
elevated. In particular, the mRNAsi score rises with advanced trials and varies markedly by sexuality. Within several years,
reduced mRNAsi categories will have superior overall survivability in large LUADs. Individuals with chronic LUAD had
greater mRNAsi and had reduced average survivability. The important genes and the distinguished categories have been
chosen based on their mRNAsi connections. Some of the major genes related to cell proliferating Gene Ontology concepts
were found enriched out from the cell cycle Kyoto Encyclopedia of Genes and Genomes (KEGG) process. Specific genes were
found to be linked to CSC features. Their activation grew in lockstep with the progression of LUAD’s pathology, so these
markers appeared amplified in pan-cancers. These important markers were discovered to have substantial connections as a
group, suggesting that they could be exploited as drug applications in the therapy of LUAD by suppressing stemness traits.

1. Introduction

Cancer is defined as a condition in which aberrant cells prolif-
erate uncontrollably, ultimately invading nearby tissues. The
kind of cell which originally experienced an oncogenic alter-
ation is used to identify cancer. As the condition advances,
unregulated cellular proliferation results in tumors, which
are lesions made up of aberrant tissues. Tumors are made up
of a diverse collection of cells. Tumor-generating cells, which
have really stem cell-like traits and activities, were among such
diverse cell groups. Just these tumors start participating orga-
nizations to tumorigenesis and can produce new tumors,

which distinguishes them from the rest of the tumor cells.
Such tumor cells were dubbed cancer stem cells because their
features were similar to some of cancer stem cells (CSC).
Cancer stem cells, which are self-renewing and proliferate
indefinitely, cause therapeutic resistance in lung disease [1].
The cancer stem cell (CSC) hypotheses of malignancies have
gotten a lot of press in current history. Even though the theory
that cancers rely on a sparse number of stem-like genes for
proliferation has been there for over a century, it was only in
the last few generations that technological advancements
allowed people to back up these theories with experimental
evidence. One of the main reasons for the CSC model’s
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popularity is because it can explain significant but largely
unknown clinical phenomena such as drug resistance, mini-
mum residual illness, and tumor recurrence. However, as
new data challenges and redefines the CSC notion, the CSC
model’s original explanatory strength has diminished in many
circumstances [2]. The discovery since not every cell in tumors
remains equivalent is fundamental to the CSC. In the CSC,
cancer growth is powered through a smaller selection of
devoted stem cells capable of independence, analogous to the
proliferation of healthy proliferative tissues like bone marrow,
skin, or gut epithelial. Cancer is made up of both rapidly divid-
ing cells and postmitotic, developed cells. Because neither of
those major groups of cells seems to be having the capability
to self-renew, their significance to the cancer’s long-term sur-
vival is minimal. CSCs are thought to even have gained the
structural arsenal of typical stem cells, including the ability
to replenish them, and also are constructed to endure a gener-
ation, be resistant to magnetic and biochemical shocks, sleep
for extended periods of time, and invade additional areas of
the body. Rare CSCs might well be capable of surviving such
therapeutic regimens, indicating why localized resurgence is
usually always the result of effective radioactivity or cancer
chemotherapy for tumor cells [3]. Figure 1 shows the structure
of the stem cell.

Cancer is not just a “sack” of cancerous cells that are all
the same. Instead, cancer is a complicated environment that
includes tumor cells along with invading endothelium,
hematopoietic, stromal, and other cell types that might affect
the tumor’s overall activity. Certain nontumor cell types
could strongly impact tumor tissues and cause metabolic
alterations including hypoxia and nutritional imbalances,
which contributes to malignant cell heterogeneity in func-
tioning. Self-renewal is often upregulated in CSC. Stem cells
are a unique group of cancer cells that could be separated
from the rest of the tumor cells and demonstrated to behave
clonal long-term recolonization and self-renewal capability,
which are the distinguishing characteristics of a CSC [4].
Leukemias, breast cancer, bladder cancer, colon carcinoma,
CNS malignancies, ovarian cancer, head and neck cancer,
malignant melanoma, pancreatic cancer, Ewing sarcoma,

and liver cancer have all been found to have tumorigenesis
phenotypes that fit the description of CSCs. It is presently
unknown whether CSC subpopulations exist in all malig-
nancies [5]. CSCs are a special type of tumor cell that can
sustain the development of a malignant growth of cells
indeterminately.

The population has indeed known through types of
names; however, the word cancer stem cell (CSC) has gained
widespread acceptance. The CSC is usually regarded to have
grown from such a healthy tissue stem cell as well as, as a
result, become the cells that gave rise to cancer. The question
of whether CSCs are matured tissue stem cells that have
experienced tumor transformation or even more distin-
guishable cells that reinitiate stemness program as part of,
or after, diagnose conversion is still being debated [6]. Prior
to the introduction of functional assays to evaluate stem cell
capability, morphological and proliferative assessments
revealed that not every cell inside a tissue was equal: certain
cells are presently being more distinguished than some
others because not all cells actively multiply at around the
same period. However, since most cells exhibit CSC func-
tionality, it really has proved difficult to identify CSCs from
non-CSCs in several forms of cancers [7]. These tumors
appear to be homogeneous or have a very minimal hierar-
chical structure. Functional assays like in vitro clonogenic
assays, transplanting, and lineage-tracing procedures have
been used to study SCs. It has historically been known that
not all tumor cells are the same and that certain malignan-
cies, such as teratocarcinoma, have a component of tumor
cells that are more distinguished than others, leading to the
hypothesis that the undifferentiated tumor cells are tumor
stem cells [8]. Following the discovery of a population of
cells capable of initiating a full “tumor,” the next significant
step in CSC biology would have been to identify that popu-
lation. The introduction of fluorescence antibodies, flow
cytometry, and related cell sorting made it possible to isolate
phenotypically specified cell types in a repeatable manner.
Furthermore, the establishment of mice breeds with severe
immune deficiencies improved tumor transplantation [9].
Figure 2 shows the basic structure of CSC.
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Figure 1: Structure of stem cell.

2 BioMed Research International



RE
TR
AC
TE
D

Stem cells were not developed by a single scientist or a
group of researchers; rather, the hypothesis was developed
over several generations by several researchers. Stem cells were
formerly thought to only exist in a few issues, including the
blood, liver, and intestinal epithelia, but many have already
been discovered throughout each part of the body. The capac-
ity to reproduce while maintaining an indeterminate pheno-
type for extended periods of time, as well as the pluripotency
of differentiating through every pathway with the main 3 germ
layers, endoderm, mesoderm, and ectoderm, describes embry-
onic stem cells [10]. During the process by which normal stem
cells are converted into CSCs, several changes, including
abnormal cellular division as well as epigenetic and genomic
modifications, could take place. In light of this information,
it can be concluded that the mutation theory of cancer genesis
is not always sound. Repairing broken DNA requires the
participation of genes that do DNA repair. Cells that have
mutations in these genes frequently generate further muta-
tions in other genes as well as changes in their chromosomes,
such as the duplication or deletion of portions of their chro-
mosomes. It is possible that the cells will become malignant
as a result of all of these changes. The significant numbers of
malignancies are thought to have their origins in the process
of conversion. The majority of carcinogenesis procedures
typically consist of a sequence of phases that lead to cancer.
Those are far more vigorous and specialized subtypes of cells
that cause tumor development and recurring. Due to self-
renewal and the development of distinguished progenies, the
subcategory of cancer cells has the capability to establish and
sustain malignancies when transferred into completely
impervious host species. CSC development leads to cellular
heterogeneity in malignancies, as well as innate antibiotic
resistance and increased aggressive capability, all of which
contribute significantly to cancer progression and metastatic
development. As a result, CSCs ought to be a key target for
several malignancies’ elimination [11].

Despite the gradual pace of peripheral lung epithelial cell
replacement and the tendency for human lung tissue to heal
instead of regenerate, lung malignancies are common, most
likely as a result of both self-inflicted and passive assaults
from chemicals and carcinogens in the environment. A lot
of research has demonstrated the link between both inflam-
matory and carcinogenesis. It is well known that cigarette
smoking causes an inflammatory reaction in the lungs. The
carcinogens present in cigarette smoke have a profound
impact on the lung epithelium’s inhabitant growth of cells
and ecosystem. Tumor in lungs is the leading source of mel-
anoma death globally, accounting for almost 1 million fatal-
ities within a year. In contrast to lung tumors arising within
lung tissue, the highly vascularized lungs are indeed a pre-
ferred site for the metastasis proliferation of cancerous cells
of extrapulmonary origination, such as breast malignancies
and melanomas. There seem to be currently a considerable
number of cancer subtypes classified inside the main groups
of lung cancer [12].

Single lung tumors could be exceedingly diverse, with
cells ranging from undeveloped to well-differentiated pheno-
types making up the tumor aggregate. Heterogeneous
tumors, which have less variance in differentiating status
and yet are composed of a range of cell types, could also arise
in the lungs. It is a complicated illness with two separate
pathology classifications: non-small-cell lung cancer
(NSCLC), which is totally for 80% of all cases, and small-
cell lung cancer (SCLC), which accounts for 20% of all cases.
Adenocarcinoma (ADC; 30-50 percent of NSCLC) and
squamous cell carcinoma (SCC; 30 percent of NSCLC) are
the most frequent types of NSCLC [13]. Despite the fact that
our understanding of lung CSC biology is poor, a variety of
CSC biomarkers have been discovered and researched.
These CSC indicators have been linked to anticancer drug
resistance. CD133, side population (Hoechst-negative), alde-
hyde dehydrogenase (ALDH1), CD117, CD44, and CD87
are just a few of them. Additionally, tumor cells are capable
of displaying expression profiles that are heterogeneous. Epi-
genetic modifications in the background are frequently to
blame for this. Different sections of an individual’s tumor
samples have been found to have distinct expression signa-
tures, and these differences have been uncovered. It is still
challenging to discover specific lung CSC markers due to
the intratumoral heterogeneity and significant plasticity that
can encourage unpredictability of the CSC phenotype and
the deterioration of cell seeming indicators [14]. These fac-
tors can be attributed to the development of lung cancer.

The most common pathological classification of NSCLC
is adenocarcinoma. Despite the fact that morphological
characterization of lung carcinomas could substantially cate-
gorize individuals, people at elevated danger for recurring or
metastatic illness must be identified [15]. Characteristics in
individuals with NSCLC’s preoperative mortality have
indeed been found. Prognostic factors include tumor size,
vascularization, poor segmentation, a higher cancer-
proliferative index, and various genomes abnormalities, such
as K-ras and p53 abnormalities. Passive smoking has been
linked to an increase in the incidence of cytosine to adeno-
sine mutations in adenocarcinomas and squamous cell
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Figure 2: Basic structure of CSC.
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carcinomas. Due to the fact that adenine is larger than cyto-
sine, it will not be able to form an accurate base pair with the
guanine found on the complementary strand. This will result
in the DNA being more bloated. The mutagenesis impact of
carcinogen treatment explains the high somatic mutation
content of lung cancer samples (e.g., cigarette smoke). As a
result of exposure to ultraviolet light, melanoma samples
also have a significant mutational burden. The occurrence
of abnormalities in adenocarcinoma genes likewise shows
spatial variability. The degree of expression of genes has
been one of the variables that influence the distribution of
variants. Since of transcription-coupled compensatory
mechanisms, the variation rates in differentially expressed
genes are thought to be minimal. The use of many separately
analysed genes or regulatory genes to reliably predict indi-
vidual survival in lung cancer has also been examined. Tech-
nologies that evaluate the transcription of hundreds of genes
at the very same time can be used to connect gene expression
variations with a range of diagnostic indicators, such as
treatment outcomes, in order to forecast tumor activity in
patient characteristics [16].

Several fields, including wireless technology, and search
engines, including voice recognition, have effectively
employed machine learning (ML). For several academics
with a history in medical or biological, machine learning
(ML) might be perplexing because it is frequently associated
along big data, artificial intelligence (AI), blockchain tech-
nology, cloud technology, and other technologies. It is, nev-
ertheless, a universal notion and procedure that should be
used in all domains, particularly medical and biological. In
general, unsupervised learning, supervised learning, (deep)
neural networks, reinforcement learning, and classification
techniques are all examples of machine learning approaches.
Nevertheless, hardly any research has ever been done on the
mRNA index utilizing fuzzy clustering. As a result, this
study presents a computational approach for identifying cell
clusters utilizing fuzzy clustering and mRNA stemness index
data. In the use of fuzzy clustering, the technique has numer-
ous benefits. Fuzzy clustering is a grouping technique that
allows measured values to belong to multiple groups (“clus-
ters”). Clustering divides population into categories based on
asset similarity and looks for patterns or likeness between
objects in a gathering; clustering objects should be as compa-
rable to each other as desirable yet remaining as independent
as possible from those in other groupings. Calculating fuzzy
boundaries is significantly easier than deciding on a separate
cell for a specific location. Every data point should always be
in one grouping in “hard” clustering. In “soft” or “fuzzy”
clustering, measured values could potentially belong to a
wide variety of different groups. The least squares method
is utilised by fuzzy clustering in order to find the most opti-
mal placement for every given dataset [17]. When the model
residuals have a normal distribution with zero as the mean,
the least squares method is utilised since this method is com-
parable to the maximum likelihood method. The best posi-
tion maybe somewhere in the probabilities distance
between two (or more) groups. The detection of cell clusters
is among the most difficult aspects of single-cell generation
sequencing. Because it could be used to identify cell types,

unsupervised learning (clustering) plays an important role
in analyzing mRNAsi data. Generally, FCM attempts to pre-
serve the participation matrices with the input database,
which have been reorganized on each repetition, by calculat-
ing the equal weightage of each sampling site in order to
determine its degree of similarity. The average among all
data points towards other clusters equals unity. The capacity
to build clusters of overlapping data points and the findings
satisfying the characteristic of converging are two of the key
advantages of this technique for mRNAsi data. The anteced-
ent requirement of an assessment is necessary for excellent
clustering results, and outliers may be allocated to the com-
parable membership functions throughout all the clusters,
which are possible constraints of cluster reliability. Because
of these restrictions, employing any type of gene expression
data is less acceptable. The remaining sections are arranged
as follows: in Section 2, the related work was presented.
The materials and methods of the stem cell analysis are in
Section 3. Section 4 put the result and discussion to the test
in terms of performance and efficiency, with figures and
charts displaying the findings. The final section summarizes
the paper’s conclusions.

2. Related Works

The considerably lower surviving percentage of lung cancer
patient need enhanced investigative techniques in order to
provide the best therapeutic approaches and improving
health care. Multivariable biological profiles, including such
blood-borne microRNA (miRNA) markers, might well have
greater incidence of accuracy and precision, but their gener-
alisation requires more research with comparison groups
and consistent assessments. Inside an expanded group of
symptoms patients and healthy controls individuals, evalu-
ate the utility of blood-borne miRNAs as possible circulation
indicators for diagnosing lung cancer. During March 3,
2009, until March 19, 2018, 3102 individuals were enrolled
by sampling techniques throughout this multicenter ran-
domized trial, which also included individuals across partic-
ular circumstance as well as group investigations (TREND
and COSYCONET). Population screening has been used in
the TREND group research. 3046 individuals (606 with
non-small-cell and malignant cancerous cancer, 593 with
nontumor respiratory problems, 883 with illnesses without
characterized by inflammation, and 964 undamaged
matched controls) were given patient conditions. Due to
the obvious experimental problems, no specimens were
deleted. During April 2018 until November 2019, the infor-
mation is evaluated. Accuracy and precision of liquid biopsy
for diagnosis of lung cancer employing miRNA profiles are
calculated. A combination with 2103 patients were recruited,
through a median (SD) age of 52.1 (15.2) years. There have
been 2856 individuals, and information on their gender
was provided for 1727 (60.5%) of them. Machine learning
approaches have been used to analyse the genomic sequence
miRNA patterns of clinical specimens from 3046 people. By
dividing the information evenly into train and test sets, sev-
eral categorization situations were studied. The circulation
biomarker testing, however, somehow does not replace

4 BioMed Research International



RE
TR
AC
TE
D

neuroimaging, sputum cytology, or biopsy testing, and the
survey purposes to be verified systematically [18].

To use a radiogenomics technique which combines gene
transcription as well as imaging techniques to uncover predic-
tive neuroimaging biomarker in non-small-cell lung cancer
(NSCLC) individuals for whom survivor results are not acces-
sible by using surviving information on public gene regulation
large datasets, image characteristics were linked to groupings
of coexpressed genomics (metagenes) using a radiogenomics
technique. For a bilateral link among feature representation
and metagenes, a radiogenomics correlation mapping is first
built. Then, utilizing sparse regression analysis, estimation
techniques of metagenes were accompanied by the develop-
ment of picture attributes. In the same way, metagenes have
been used to build prediction models of image characteristics.
Furthermore, the anticipated picture features’ predictive
importance is assessed using a public genomic information
collection with overall survival. The radiogenomics technique
was used on a group of 26 NSCLC patients who have access
to the expression of genes and 180 imaging characteristics
from computerized tomography (CT) and positron emission
tomography (PET)/CT. There have been 243 bilateral associa-
tions among picture characteristics and NSCLC metagenes
that were statically significant. Metagenes found identified
with a 59 percent–83 percentage points using picture
characteristics. In regard to metagenes, 141 of 180 CT image
characteristics as well as the PET aggregate impact values have
been forecasted with a 65 percent–86 percent accuracy. Tumor
size, edge form, and sharpness rated top for predictive rele-
vance when the projected picture attributes were linked to a
public gene sequences set including prognostic factors. The
information obtained as proof-of-concept for this radioge-
nomics investigation has limitations. Researchers looked at
data from a limited group of NSCLC patients that did not
adequately represent the disease’s diversity in neuroimaging
and gene function profiles, nor the variation owing to histolog-
ical subtype [19].

Early identification of malignancy considerably
improves the odds of appropriate treatment; however, diag-
nosis for certain tumors, such as lung adenocarcinoma (LA),
is insufficient. For large-scale medical evaluation, an optimal
early-stage diagnosis of LA should include speedy identifica-
tion, minimal invasiveness, and strong result. To detect
potential LA, researchers use machine learning to analyse
serum biochemical trends. They use 50 nL of serum and 1 s
of customized ferric particle-assisted laser desorption/ioni-
zation chromatographic techniques to obtain direct bio-
chemical pathways. With 143m/z characteristics, they
identify a metabolism spectrum of 100–400Da. Researchers
use sparse regression machine learning of features to detect
earlier phase LA with accuracy of 70–90% and precision of
90–93%. To discriminate earlier phase of LA from individ-
uals (p 0.05), researchers developed a diagnostic profile of
seven biomarkers including geometrically similar. However,
metabolite concentration and specimen sophistication influ-
ence MS detection, and for extraction and segregation of
metabolites through complicated bio-mixtures, extensive
pretreatment methods are necessary [20]. The disappearance
of a specialized phenotypic and the development of prede-

cessor as well as stem cell-like features are hallmarks of
tumor growth. Researchers present new stemness metrics
for determining the degree underlying oncogenic transdif-
ferentiation in this paper. They extracted transcriptomic
and epigenetic sets of features using nontransformed plurip-
otent stem cells including their differentiating progeny uti-
lizing an improved one-class logistic regression (OCLR)
machine learning technique. They have been willing to dis-
close completely undiscovered biochemical processes related
with the dedifferentiated oncogenic condition through using
OCLR. The cancer microenvironment was studied, where
researchers discovered an unexpected link between tumor
stemness and immunotherapeutic transcription and invad-
ing inflammatory responses. The dedifferentiated oncogenic
phenotypic would be most prevalent in metastatic cancers,
according to our findings. The stemness index sequence is
repeated of intratumor genomic polymorphism when
applied to single-cell data. However, it is unclear from some
of those data whether the therapy’s efficacy is confined to
specific HNSC genes associated [21].

Cancer stem cells are self-renewing cancer cells that could
lead to different results of tumor cells, and they play a critical
role in the progression of lung squamous cell carcinoma
(LSCC). The goal of this research was to look at the transcrip-
tional activation connected to LSCC stem cells. The RNA-seq
information, as well as the clinical and prognosis characteristics
of LSCC patients, was retrieved from of the TCGA searchable
database. It was determined and discussed how useful a prog-
nostic tool the mRNA expression-based stiffness index
(mRNAsi) of LSCC can be. After that, we utilised a weighted
gene coexpression network analysis in order to locate signifi-
cant genes that are connected to LSCC mRNAsi (WGCNA).
A bioinformatics tool known as weighted gene coexpression
network analysis, or WGCNA, can be used to investigate the
connections that exist between various gene sets, sometimes
known as modules, or between gene sets and clinical character-
istics. In LSCC, mRNAsi is an important prognostic factor.
According on WGCNA, we evaluated 5 important genes that
contribute to LSCC mRNAsi (BUB1, BIRC5, CCNB2, KIF15,
and SPAG5). When compared to conventional specimens,
the important pathways remained substantially elevated in
the malignant tumors. Furthermore, there is indeed a strong
link between the molecules of these important genes, as well
as a significant transcriptional coexpression relationship. Thus
to summarize, mRNAsi plays a significant role in LSCC. Five
important genes associated to mRNAsi were selected as tar-
geted therapy for decreasing the regenerative medicine features
of LSCC (BUB1, BIRC5, CCNB2, KIF15, and SPAG5). These
findings suggest that such five genes are involved in the main-
tenance of cancer stem cell features in LSCC. Several genes
could be used as targeted therapies to block LSCC’s stem cell
properties. However, because the calculations are based on ret-
rospective data, more studies are needed to confirm them [22].

3. Materials and Methods

3.1. Application and Packages. In this study, the R 3.6.1
(Action of the Toes) software is employed on the Windows
operating system. The R packages have all been open-
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source software, and they were all acquired through biocon-
ductor. Throughout this study, Strawberry Perl version
5.14.2.1 (64 bit) was used to combine large datasets using a
merging script. Every one of the materials remained open-
source and free.

3.2. Database. The TCGA dataset was used to acquire the
transcriptome sequencing through RNA sequencing (RNA-
seq) of the LUAD collection and also material on sexuality,
aging, life status, and phases. As of the 5th of October, 2019,
those figures remained accurate. Perl was used to merging
the RNA-seq findings of 30 baseline characteristics and 380
cancer specimens into a matrix. The Ensembles IDs were then
converted into formal genetic identifiers using the Ensembles
databases. The data of the microarray (GSE21656) was
acquired using the Gene Expression Omnibus (GEO). The
mRNAsi index in all kinds of cells in the TCGA was collected
from Tathiane M. Malta’s article attachments. A Perl merging
script is used to combine the miRNAsi index of lung adeno-
carcinoma individuals using TCGA information of lung ade-
nocarcinomas, having mismatched instances removed. The
Wilcox test has been used to determine whether the LUAD
subgroups have substantial differences in mRNAsi.

3.3. Investigation of Differentially Expressed Genes. The Wil-
cox strategy was applied in the analysis of differentially
expressed analyses by using program “limma.” The cut-offs
for screening for DEGs comparing lung cancer and normal
groups have been folding change > 1 and adj.p (false discov-
ery rate, FDR) 0.05. R’s “pheatmap” package has been used
to create the heat map and volcano plot. R’s “ggpubr” pack-
age was used to graph the box-plots of the genetic markers
for verification. GEPIA [23], a web application for normal
and cancer cells gene function monitoring and interaction
analytics, has been used to create various genetic compari-
sons. To modify the expression profile before graphing, sim-
ply set the log-scale option to log2(TPM+1). The approach
for determining differential gene expression is ANOVA,
with the disease phase as a parameter. Statistical significance
was defined as Pr(> F) 0.05.

3.4. The Curve of Total Survivability. Individuals with low
and high levels of mRNAsi indexes can be compared using
the Kaplan-Meier plots to determine the effectiveness of
mRNAsi scores in predicting life expectancy. The Kaplan-
Meier estimator produces a plot that looks like a series of
horizontal steps that get smaller from left to right. If the
sample size is high enough, this plot will converge on the
actual survival function for the population being studied.
For this portion, the R packages “survival” and “surviving”
have been used, and the connection was evaluated using
the log-rank function. The available web Kaplan-Meier plot-
ter was used to create Kaplan-Meier survival curves of either
the genetic markers during verification [24].

3.5. Identifying Cell Clusters by Fuzzy Clustering Analysis.
For such preliminary amount of clustering, c = 2, 3,⋯, a
renowned grouping algorithm is used, fuzzy clustering.
Here, udc is a user-defined cluster size, representing udc-1
series of case studies, and produced four model evaluation

indexes from every study research: partition coefficient, par-
titioning entropy, fuzzy silhouette index, and modified parti-
tion coefficient.

Within field of ML, fuzzy clustering is a grouping
technique application of fuzzy participation idea. Although
each characteristic has a set of qualities, the fuzzy c-means
clustering technique divides n collected data (data points)
I = i1, i2, i3⋯ ingn ∗ p into cð1 ≤ c ≤ nÞ fuzzy clusters.
Assume Ce = fce1, ce2, ce3,⋯, ceclgcq is the collection of
cluster centers, and R = ½c� is the collection of nodes in
the cluster. Rys indicates the degree of membership of s
features to cth cluster center, and cn is a cn matrix of
degrees of membership. The following requirements are
met by the above matrix:

〠
c

y=1
Rys = 1,

Rys ≥ 0,

Rys ∈ 0, 1½ �:

ð1Þ

For solving the optimization problems of the appropri-
ate fuzzy optimal clustering, the fuzzy c-means technique
includes the following optimization problem. Below is the
definition of the optimization problem Y fm:

Y fm = 〠
c

y=1
〠
n

s=1
Rysv is − cey



 

2: ð2Þ

Here, vð1 ≤ v ≤ δÞ is the fuzzification coefficient, which
denotes the amount of clustering that is imprecise. v = 1 is
utilised in the research. Every norm evaluating the resem-
blance between the cluster center as well as any measur-
able data can be used here. The optimization problem
Y fm must be as small as possible.

The objective equation is solved using the logistic regres-
sion methodology with the constraint ∑c

y=1Rys = 1ðs = 1, 2,
3⋯ nÞ, while the participation level and cluster centers are
modified using the following calculations:

Rys = 〠
c

y=1

is − cey


 



is − cey


 



 !2/ v−1ð Þ
,

cey =
∑n

s=1 Rysvisð Þ
∑n

s=1Rys
v :

ð3Þ

The method ends when the conditions maxysjRx=1
ys − Rx

ys

j ≤ ∈ are met, with be a terminating variable among 0 and
1 and x denoting the iterative step id. The objective function
Y fm coheres to a local optima or a saddle point using this
approach.

3.6. Cluster Validity Parameter Measurements. There are two
cluster weight index values: partition coefficient (PC) and
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partition entropy (PE). The following are the definitions for
ep and cp:

ep = −
x
n
〠
c

y=1
〠
n

s=1
Rys ∗ logeRys,

cp =
x
n
〠
c

y=1
〠
n

s=1
Rys2:

ð4Þ

The monotonic tendency of the partition coefficient
(PC) was addressed by the development of the modified par-
tition coefficient (MPC). A normalised squared Euclidean
distance of membership degree vectors to the center of the
fuzzy c-partition is used to calculate the adjusted partition
coefficient, which is an average of this distance. MPC has a
range of values among 0 and 1. The following is how pcm
is represented:

pcm = 1 − c
c − 1 1 − cp

À Á
: ð5Þ

The fuzzy silhouette index (FSI) is a statistic that iden-
tifies the two clusters with the greatest degree of membership
in is. Equations (6) and (7) are a brief description of f s:

f s = ∑n
s=1 R1s − R2sð ÞM isð Þ
∑n

s=1 R1s − R2sð Þ , ð6Þ

where

M isð Þ = μ is, icdð Þ − α is, icdð Þ
max μ is, icdð Þ, α is, icdð Þf g : ð7Þ

In this case, a dataset component (point) is is component
of the cluster icd (icd ∈ ðicd1, icd2, icd3,⋯:icdcÞ, whereas αðis,
icdÞ is the intracluster length, which represents the average
distance among is and other such elements in the similar
cluster icd . On the other hand, (is, icd) is an intercluster dis-
tance which represents the distance among xq and the clus-
ter icd ’s nearest neighbor. cp, pcm, and f s must be increased,
whereas ep must be lowered, in order to produce the best
clusters.

3.7. Investigation of Gene Coexpression. To study the robust-
ness of such interactions at the level of transcription, the
coexpression associations among important genes inside a
module are being determined based upon gene expression
profiles. The Pearson correlations among genetics were cal-
culated using the R “corrplot” tool. On Linked Omics, the
relationship involving MSRB3 and PRKG1 was investigated.
The Pearson correlation test was utilised in order to analyse
the data that was taken from the LUAD database, which was
selected for research purposes by TCGA. The Pearson corre-
lation coefficient is a test statistic that quantifies the statisti-
cal link or association between two continuous variables. It is
named after its namesake, Karl Pearson. Because it is
founded on the theory of covariance, it has earned a reputa-
tion as the most accurate way for determining how closely

two variables are associated with one another. The findings
have been considered to be statistically significant if indeed
the coefficient of correlation was more than 0.3 and the p
value was less than 0.01.

3.8. Protein-Protein Interaction System Development. The
PPI structure was obtained through STRING version 11.0,
and the graph plot depicts the number of nodes with the
highest connection. The minimum necessary interaction
score is set to 0.4 with moderate probability and discon-
nected any hidden nodes in the network. It estimated the
total of neighboring nodes for every genotype in the PPI net-
work and used a bar plot to order the genomes by the num-
ber of adjacent nodes [25].

3.9. DEG Filtering Assessment. The R packages “cluster pro-
file,” “enrich plot,” and “ggplot2” have been used to enhance
DEGs through using Gene Ontology (GO) functional enrich-
ment and Kyoto Encyclopedia of Genes and Genomes
(KEGG) mechanism enriching (p value 0.05, q value 0.05).
The essential genetic mutations were mapped with both the
Ensembles ID using the R package “http://org.Hs.eg.DB,”
commonly known as genome-wide characterization for
humanity. R created the bar plot and the bubble plot to visual-
ize the top findings.

4. Result and Discussion

As from the TCGA database, transcriptome profiling is
downloaded for gene expression and diagnostic features for
380 LUAD individuals and 30 healthy individuals. Sexuality,
aging, life status, survivability, cancer stage, and tumor node
metastasis (TNM) phase categorization are all included in
the data, with uncertain information removed during
research. Every case’s mRNAsi value was retrieved using
Malta’s appendix and then integrated with both the TCGA
database. The mRNAsi and EREG-mRNAsi ratings varied
from 0 to 1, stemless and stemness, correspondingly, as per
the OCLR methodology. The mRNAsi is evaluated in
numerous ways in this study, including between tumor and
normal groups, higher and lower mRNAsi rating groups,
and distinct subtypes. Figure 3 depicts that the mRNAsi rat-
ing in the cancer category is greater than those in the normal
group, indicating that mRNAsi is important in lung ADC.

The 404 LUAD instances are divided into lower and
higher categories depending on the mRNAsi rankings as
well as plotted the Kaplan-Meier (K-M) survival curvatures
to see if there was a link between survival rates and high
mRNAsi rankings as shown in Figure 4. The K-M survival
curves are still not clinically meaningful in the aggregate.
The lower and higher curves, on the other hand, displayed
a remarkable collision near the very end of the 5th year.
Lung cancer has a poor five-year survival rate; therefore,
most individuals in the study survived for 5 years. The sur-
viving value of higher mRNAsi index instances would be
lesser than the lowest of the key case during the first 5 years,
and the surviving probability curves are practically flat for
the next two years.
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The plots are used to show the relationship between
overall mRNAsi profiles and clinical characteristics. In
regard to gender presented in Figure 5, males had a larger
mRNAsi index over females in the instances that looked at
(p value 0.001). It is discovered also that mRNAsi rating
for early-phase lung disease P1 was lesser than the medium
and progressed phase (P1-P4) LUAD grouping is shown in
Figure 6, while there is a modest drop within P3 lung cancer
grouping.

T and M phases were statistically significant when com-
bined by TNM plotting. The tumor’s size is represented by
the T phase given Figure 7. The mRNAsi ratings of the S2
and S3 groupings have been considerably higher than those
of the S1 group. Despite the fact that the S4 group’s mRNAsi
value reduced, the difference in the number remained
greater than the S1 category. The M phase indicates if the
cancers have spread to other parts of the body as depicted
in Figure 8. The MD1 group’s mRNAsi index is greater than
the MD2 group’s (p value = 0.016).

4.1. Cell Grouping with Fuzzy Clustering. In the fuzzy cell
clustering, to group the cells, fuzzy c-means clustering is
used for various starting numbers of clusters, c = 2, 3⋯ 10,

and calculated the results of the 4 high similarity indices:
PC, FSI, MPC, and PE. Table 1 shows the chronology model
evaluation ratings out from mRNAsi expression dataset, and
Figure 9 shows its graphical representation.
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4.2. Analysis of the Relevant Genomes in LUAD. The impor-
tant genetic mutations in the modules have been screened
using the parameters MM>0.8 and GS>0.6: cell division
cycle-associated 7 (CDCA7), heat shock 70 kDa protein 4
(HSPA4), cyclin-dependent kinase 1 (CDK1), cell division
cycle 20 (CDC20), cyclin B1 (CCNB1), CAP-GLY domains

comprising linkage protein 1 (CLIP1), bloom syndrome,
RecQ helicase-like (BLM), and H2A histone family, member
X (H2AFX). According to the Oncomine database, the
expression levels of the several kinds of cancer and eight
markers in cancer and normal specimens differ significantly.

4.3. Investigation of Significant Genetic Expression and
Correlations. The “clusterProfiler” R package has been uti-
lised for GO and KEGG pathway improvement investigation
to examine the biologically active compounds and relevance
of the genetic mechanisms. The important markers appeared
concentrated in management of the cell growth checkpoints,
negative regulator of the mitotic division phase control
point, damaged DNA interaction, and so on, according to
GO analyses. The important genes have been shown to be
abundant in cell cycle, oocyte meiosis, and other KEGG
pathways. The STRING-evaluated protein-protein interac-
tion networks revealed a significant link here between
genetic markers as shown in Figure 10.

4.4. Validation and Analysis of Genes. At a clinic, the fre-
quencies of mRNA expression in 30 LUAD as well as 23
equivalent healthy lung tissues from 21 LUAD individuals
have been identified and evaluated. Table 2 shows the fea-
tures of individuals with LUAD. With the exception of
CLIP1, mRNA protein expression of genomic sequences
appeared greater in cancerous tissue.

Figure 11 shows the individuals with various ADC. The
verification cohort’s OS could not have been examined
because so many of the individuals were surviving. Never-
theless, CDC20, CDK1, CCNB1, and H2AFX showed a sub-
stantial association, demonstrating that perhaps the
methodologies used in this work are viable for identifying
important genes implicated in CSC features. Microarrays
are used to confirm the important genes. GSE21656 infor-
mation was obtained out from GEO dataset, and the DEGs
were retrieved using the web program GEO2R. The microar-
ray has been utilised in order to investigate the differences
that exist between cisplatin-resistant lung cancer cells, also
known as CDDP-R, and their parental cells. It is possible
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Table 1: Chronology model evaluation ratings out from mRNAsi
expression dataset.

Chronologies
Fuzzy

silhouette
index

Partition
entropy

Partition
coefficient

Modified
partition
coefficient

1st C 0.591 0.345 0.476 0.265

2nd C 0.435 0.158 0.347 0.165

3rd C 0.674 0.545 0.173 0.093

4th C 0.543 0.153 0.457 0.348

5th C 0.348 0.348 0.143 0.198

6th C 0.458 0.653 0.634 0.59

7th C 0.325 0.168 0.151 0.78

8th C 0.672 0.189 0.178 0.82
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to determine the expression of thousands of genes all at once
by using something called a microarray. DNA microarrays
are slides for microscopes that have been printed with thou-
sands of minute spots in predetermined positions. Each spot
on the slide contains a gene or DNA sequence that is already
known.

The PPI clustering, which has 12 nodes and 64 edges, has
much more interconnections than the anticipated nine
edges, and the coregulation data suggest that perhaps the
clustering collection of 13 genes is operationally connected
as well. It is discovered that such genes significantly elevated
not only in LUAD, using GEPIA’s multiple gene comparison
between tumor as well as normal patients. It suggests that
such important genes’ stem cell capabilities might well be
ubiquitous. We used GEPIA to correlate the expression pat-
terns of gene mutations with the pathological cancer type in
LUADs so that we could gain additional knowledge regard-
ing the key genes. GEPIA is a recently designed, user-
friendly web server for examining the expression data
obtained from RNA sequencing. GEPIA gives users the abil-
ity to customize their experience by providing features such
as tumor/normal differential expression analysis and profil-
ing according to cancer kinds or pathological stages, patient
survival analysis, comparable gene finding, correlation anal-

ysis, and dimensionality reduction analysis. In distinct kinds
of cancer, eight mRNAsi-related critical markers have been
discovered to be differently elevated among cancerous and
noncancerous tissues. Those eight essential markers have
been found to be significantly linked and mostly involved
in the cell cycle. The spinning assembling checkpoint, which
is involved in chromosomal partitioning and mitosis release,
is CDC20’s targeting. Notably, LUAD individuals with ele-
vated CDC20 markers seemed to have a greater overall sur-
vival rate than someone with low CDC20 concentrations,
which were also equivalent in lung squamous cell carcinoma.

5. Conclusion

Therapeutic resistance in lung illness is caused by CSC,
which were self-renewing and grow endlessly. The mRNAsi
of roughly 404 LUAD patients from The Cancer Genome
Atlas dataset was created using an unsupervised machine
learning approach centered on the mRNA expression of plu-
ripotent stem cells and their later formed progeny. In
LUADs, differential variations, survival analyses, medical
stages, and sexuality were used to explore mRNAsi. Fuzzy
clustering is used to detect cell groupings using a computer
approach. The connections between the genetic markers
were studied at both the transcriptional and protein phases.
Expression values were used to interpret the functionality
and processes of the key genes. The relationship between
gene expression and clinical symptoms, as well as the likeli-
hood of survival, has been verified. The mRNAsi genes were
found to be substantially increased in cancer patients. The
mRNAsi score, in instance, rises with advanced trials and
differs significantly by sexuality. Reduced mRNAsi groups
will have higher overall survivorship in large LUADs in a
few years. Chronic LUAD patients exhibited higher mRNAsi
and a lower average survival. The distinct categories and sig-
nificant genes were picked based on their mRNAsi linkages.
The cell cycle Kyoto Encyclopedia of Genes and Genomes
(KEGG) process enhanced some of the key genes associated
to cell proliferating Gene Ontology categories. CSC charac-
teristics were discovered to be associated to specific genes.
These markers appeared to be increased in pan-cancers
because their activation developed in lockstep with the
advancement of LUAD pathogenesis. These critical indica-
tors were discovered to have significant linkages as a group,
implying that they could be used to treat LUAD by lowering
stemness features as a medication.

Data Availability

The data used to support the findings of this study are
included within the article. Further data or information is
available from the corresponding author upon request.
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Table 2: Features of individuals with LUAD.

Features Total Percentage (%)

Age

Average 48 (24-62)

Sexuality

Men 7 19.7

Women 14 62.3

Immunology

ADC 4 12.4

Less ADC 6 24.1

Unwanted ADC 14 68.2

Unwanted mucinous ADC 2 5.9

Total individuals with LUAD
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Figure 11: Individuals with various ADC.
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For the treatment of various infections, a variety of antimicrobial drugs are formulated. Nevertheless, many bacterial infections
now exhibit antibiotic resistance due to the widespread utilization antibiotics. Methicillin-resistant among the most dangerous
multidrug-resistant bacteria is Staphylococcus aureus (MRSA). Vancomycin became a viable therapy option due to MRSA
resistance to methicillin medicines. One of the well-informed antibacterial compounds with wideband antibacterial activity is
silver nanoparticles (AgNPs). AgNPs are thus suitable candidates for usage in conjunction alongside vancomycin to increase its
antibacterial effect. The goal of the present research work is to boost the antibacterial potency of the glycopeptide antibiotic
vancomycin towards Gram-positive (Staphylococcus aureus) but also Gram-negative (Escherichia coli) bacteria. The chemical
reduction approach is used to create a colloidal solution of silver nanoparticles utilizing silver nitrate as a precursor in the
environment of the ionic surfactant trisodium citrate that serves as covering including reducing reagent. Vancomycin was used
to functionalize the synthesized nanoparticles and create the nanodrug complex (Van@AgNPs). The synergistic antibacterial
potential of silver nanoparticles coated with vancomycin on both test pathogens was investigated using the agar well diffusion
technique. The antibacterial potency for both classes of bacteria has significantly increased, according to the well diffusion test.
It has been noted that this improvement is synergistic instead of additive.

1. Introduction

As more bacterial infections develop multidrug resistance
(MDR), the availability of antibiotics has been a critical issue

for the healthcare professionals [1]. The most difficult issues
for leading experts in the field of biomedicine are the rise in
multiple-drug resistant confined of Pseudomonas aeruginosa,
Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli,
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Enterococcus faecium, and Enterobacter species to the numer-
ous traditional antibiotics. Antibiotic usage in any form can
put more strain on bacteria due to selection. This causes vul-
nerable bacteria to perish while allowing resistant bacteria to
thrive [2, 3]. Alternative therapies are becoming more and
more necessary as antibiotic resistance spreads. Nanoparticles
offer enormous opportunity for medicinal delivery systems for
tiny molecules including medicines, DNA, and proteins. The
antibacterial effectiveness of noble metal nanoparticles, that
is, because of their huge surface area permitting large synergis-
tic effect which is derived by several interactions, has recently

emerged as one of the most potential tools in the antibacte-
rial inventory [4]. Some antimicrobial agents can be made
more efficient by diminishing the cell membrane or enhanc-
ing cellular penetration. So, by reducing the negative effects
related to medication molecules, metal nanoparticles com-
bined with antibacterial pharmaceuticals may demonstrate
better efficacy in particular therapies [5]. Since the earliest
times, silver was already thoroughly studied for its ability
to prevent infections, and silver nanoparticles (AgNPs) were
established antibacterial properties towards a variety of
bacterial species [6].

Table 1: Compounds employed and their uses.

Compounds Uses

Silver nitrate (AgNO3) A precursor

Trisodium citrate (Na3C6H5O7) In the production of silver nanoparticle, it is employed as reducing agent as well as capping agent

Vancomycin (C66H75Cl2N9O24) A medication utilized for storing on the surface area of formulated silver nanoparticles

Double deionized water Each of the solutions was prepared using water that had been twice deionized
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Vancomycin has been the dominant antibacterial med-
ication employed to cure infections brought on by
methicillin-resistant Staphylococcus aureus (MRSA) in the
early 1950s. The widespread burden of vancomycin resis-
tance among Gram-positive cocci is getting worse nowa-
days. Vancomycin advancement research showed that
staphylococci vancomycin resistance proved challenging
to establish in vitro [7]. In 1988, the first types of
vancomycin-resistant enterococci (VRE) were discovered.
Ever after, an increasing number of glycopeptide-resistant
strains are also identified, indicating that such bacteria will
possess the ability to spread the genes that give them van-
comycin resistance to other bacterial species. Nanomedi-
cines have aided in the advancement of new therapies
being developed to combat VRE. Due to their acceptable
biological deeds, silver nanoparticles (AgNPs) have several
uses as antibacterial therapeutics [8]. The utilization of the
silver nanoparticle along with vancomycin to increase the
potency of the vancomycin specifically in MRSA is the
main goal of this research paper.

2. Resources and Procedures for Experiments

2.1. Resources. Every one of the compounds included in this
experiment would be of the analytical grade as well as were
not subsequently purified before usage (Table 1).

2.2. Generation of Silver Nanoparticles with a Citrate
Capping (Figure 1).

(i) Silver nitrate (AgNO3) was used like a precursor in
a chemical reduction process to create colloidal
citrate-capped AgNPs (citrate-AgNPs), with sodium
citrate acting like a reducing and shielding factor

(ii) In this procedure, a 50mL solution of AgNO3
(1mM) in deionized water was brought near boiling
while being continuously stirred on a magnetic hot
plate

(iii) During at that time as quickly as possible, the
AgNO3 solution started to boil; 350 L sodium citrate
solution (20mM) has been poured dropwise

(iv) The solution gradually becomes brownish yellow
that also shows a sign that the Ag+ ions have been
reduced

(v) The solution was heated for a little while longer
while being stirred, then thereafter cooled to room
temperature for additional experiments

2.3. Vancomycin-Coated Silver Nanoparticle Formulation. A
separate aqueous solution of vancomycin (5mg/5mL) has
been produced beneficial to the manufacturing related to
vancomycin loaded citrate-AgNPs (Van@ citrate-AgNPs).
Vancomycin was utilized at different quantities like 0.05,
0.07, 0.1, 0.3, and 0.5mM. Concentration of citrate-AgNPs
remained unchanged, i.e., 1mM. Using a magnetic stirrer
which is set at room temperature, the solution then permit-
ted to agitate for 20 to 25 minutes. The solution was left
overnight, after which it was refrigerated for future testing
but also characterisation. UV-Vis spectra of vancomycin,
citrate-AgNPs, and Van@citrate-AgNPs at different concen-
tration is presented in Figure 2.

2.4. Microbiological Evaluation Processes. Employing of agar
well diffusion technique, the antibacterial action of
vancomycin-capped silver nanoparticles is evaluated with
reference to medication. The media and glassware utilized
throughout this test were sterile for twenty minutes at
120°C in an autoclave. This procedure is utilized for cal-
culation of the zone of inhibition with both Gram-
positive bacteria (such as S. aureus) and Gram-negative
bacteria (such as E. coli) in order to study antibacterial
action. Both bacteria had been cultivated for 24 hrs at
37°C in Luria broth (LB) medium. The whole area of
the agar plate was covered with a certain amount of
microbial inoculation. Thereafter, tiny holes having a
diameter of about 5mm had been made using a sterile

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0
300 400 500 600

Wavelength (nm)

Ab
so

rb
an

ce

(A)

(F)

(E)
(D)

(C)
(B)

Figure 2: UV absorption spectra of (a) vancomycin, (b) citrate-AgNPs, and (c–f) Van@citrate-AgNPs at concentrations 0.05mM, 0.07mM,
0.1mM, and 0.3mM, respectively.
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cork borer. 50 L of each of the following solutions was
added into the holes separately: vancomycin, silver nitrate
(AgNPs), vancomycin-AgNPs (Van@citrate-AgNP com-
plex), and also regular saline solution.

2.5. Study on In Vitro Antibacterial Action. By employing
standard agar well diffusion approach, the synergistic anti-
bacterial impact produced from the citrate-capped AgNPs
containing vancomycin is examined under this work. Inde-
pendent effects of the unbounded vancomycin and uncov-
ered silver nanoparticles, targeting both kinds of Gram-
positive (S. aureus) as well as Gram-negative (E. coli) strains,
are examined. Citrate functions as linkage between the van-
comycin and the AgNPs. Because citrate is anionic capping
agent boosts AgNP stability throughout an electrostatic sta-
bilizing mechanism, its usage is rationalized. At the evalua-
tion concentration 60 g/mL, the bare AgNPs which do not
contain drug had no antibacterial impact on either strain.

However, mentioned citrate-capped AgNPs containing
antibiotic had a noteworthy synergistic impact. AgNP-
vancomycin combination was shown to be more efficient
towards S. aureus than E. coli.

Table 2: Zone of inhibition ðmmÞ ± S:D: of AgNPs, Van, and Van@AgNPs against S. aureus and E. coli.

Gram-positive bacteria (Staphylococcus aureus) Gram-negative bacteria Escherichia coli

AgNPs 0 ± 0 0 ± 0
Van1: 0.05mM 17:5 ± 1:0 0 ± 0
Van2: 0.1mM 19 ± 0:6 0 ± 0
Van3: 0.3mM 19 ± 0:6 0 ± 0
Van@AgNPs1: 0.05mM 26 ± 0:6 7:5 ± 0:5
Van@AgNPs2: 0.1mM 27:3 ± 0:5 7:8 ± 0:9
Van@AgNPs3: 0.3mM 27:7 ± 0:4 7:8 ± 0:9
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Simultaneous testing of AgNPs, free vancomycin, and
also vancomycin-coated silver nanoparticles (Van@AgNPs)
was conducted versus both trial strains throughout the anti-
bacterial investigation. When used over both Gram-positive
and Gram-negative classes of bacteria, vancomycin-coated
silver nanoparticles had a broader inhibition zone but also
consequently had greater antibacterial activity (Figure 3).
Vancomycin-coated silver nanoparticles inhibited S. aureus
and E. coli’s growth more effectively than vancomycin did
against these bacteria.

According to the prior studies, it is shown that vancomy-
cin is exclusively efficient against strains of Gram-positive
bacteria; it is ineffective towards strains of Gram-negative
bacteria [9]. However, it was shown during this investigation
that vancomycin showed zero effect supporting to the devel-
opment of E. coli, whereas the AgNP-vancomycin combina-
tion somewhat suppresses it. As a result, AgNP-vancomycin
combination became effective against vancomycin-resistant
E. coli. Additionally, the impact was more potent towards
Gram-positive than Gram-negative bacteria.

2.5.1. Note. Van1:0.05mM (V1),
Van2:0.1mM (V2),
Van3:0.3mM (V3),
Van@AgNPs1:0.05mM (CV1),

Van@AgNPs2:0.1mM (CV2),
Van@AgNPs3:0.3mM (CV3).
The ZOI rises from 0 to 7.8mm for E. coli while ZOI

rises in between 0 and 27.7mm for S. aureus (Table 2). Both
the vancomycin-sensitive S. aureus and the vancomycin-
sensitive E. coli were more delicate to the drug conjugate
AgNPs after being cherished with Van@citrate-AgNPs. Van-
comycin along with AgNPs has been found to have a syner-
gistic impact against both classes of Gram-positive bacteria.
Following treatment with Van@citrate-AgNPs, the morpho-
logical alterations in the bacterial cell walls of both S. aureus
and E. coli have been observed (Figures 4 and 5). Similar
findings have also been observed in other earlier publica-
tions [10, 11].

Based on diversity of the cell membranes of Gram-
positive as well as Gram-negative bacteria, it is possible to
explain why Van@citrate-AgNPs are more efficient against
S. aureus. However, compared to Gram-negative bacteria
which contain a thin cell membrane, Gram-positive micro-
organisms possess thicker cell walls consisting of peptidogly-
can layers. However, Gram-negative bacteria have a
lipopolysaccharide- (LPS-) based thick outer layer that
covers their thin peptidoglycan wall that is missing in
Gram-positive bacteria [12]. This thick outer layer has a
diameter of about 10 nm. Due to the lack of an outer layer,

(a)

(b)

Figure 5: Illustration of agar plates demonstrating antifungal effect of vancomycin, AgNPs, and Van@citrate-AgNPs against (a) S. aureus
and (b) E. coli at various concentrations.
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Gram-negative bacteria are highly susceptible to AgNP-drug
complexes although having a thicker peptidoglycan layer
compared to Gram-positive bacteria [13].

2.6. Proposed Interaction between Vancomycin-Coated Silver
Nanoparticle (Van@AgNPs) and Bacterial Cell Walls
(Figure 6). Vancomycin’s bactericidal action is dependent
on the suppression of peptidoglycan-based bacterial cell wall
production [14, 15]. However, this technique is no longer
effective as some vancomycin-resistant bacteria (such as
VRSA) have emerged. When combined with AgNPs, vanco-
mycin has a synergistic antibacterial activity towards both
experimental strains. As was before established, vancomycin
forms the Van@AgNP complex via hydrogen bonding to
AgNPs through citrate.

The stages in the process that result in a synergistic anti-
microbial property might be used to describe the reaction
mechanisms. These are the steps: vancomycin and AgNP

surface interaction. Ag+ ions or AgNPs are released by a
complex that is bounded with the bacteria [16]. AgNPs
become poisonous when they bind to the phosphorous in
DNA and the sulfur in proteins. It impairs a number of bac-
terial processes, including DNA replication along with pro-
tein synthesis; they ultimately result in bacterial or cell
death. The main interactional mechanism is this [17, 18].
Additionally, oxidative stress that affords another pathway
for cellular disruption can be commenced from the produc-
tion of reacting oxygen substance on the surface of AgNPs
[19, 20]. Nevertheless, the specific process through which sil-
ver nanoparticles fight microorganisms is still unknown. The
electrostatic interaction among nanoparticles and the bacte-
rial cell wall was also shown in earlier investigations [21].

A number of variables, such as particle size, shape,
aggregation, and capping agent, affect the rate at which silver
ions are released. In comparison to bigger particles, the tiny
silver nanospheres discharge ions more quickly. The

Citrate-AgNPs
Drug

Drug coated AgNPs

A. Release of Ag+ ions
B. Production of reactive
oxygen species
C. Direct contact with cell wall
through sulphur or
 phosphorous containing in
cell wall

A
B

C

Different possible modes

Inhibition of cell
wall synthesis

DNA
replication
inhibition Protein

downregulation

Bacterial cell membrane

Enhanced antibacterial activity

Figure 6: Proposed interaction between vancomycin-coated silver nanoparticle and bacterial cell walls.
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surface’s complexation has an impact on the ion release rate
as well. Contrary to more readily displaced stabilizing com-
pounds like citrate, firmly bound thiol-containing capping
agents often reduce release rates [22]. As a result, the ion
release rate is significantly influenced by the citrate coating
on the silver surface. The histogram in Figure 3 depicts the
improvement of antibacterial potency towards S. aureus
and E. coli. Such findings taken together show that Van@ci-
trate-AgNPs gather inside the bacterial membrane as well as
cytoplasm, proving Van@citrate-AgNPs are successfully
supplied to the bacterium where silver ions, vancomycin,
or a combination of the two, that would be the main process,
can communicate among the cell membrane to restrict bac-
terial development. In conclusion, Van@citrate-AgNP bio-
conjugate compounds function as an efficient antagonist of
both Gram-positive and Gram-negative bacteria.

3. Conclusion

The chemical reduction approach was used to generate
vancomycin-coated AgNPs in the existence of the ionic cap-
ping material trisodium citrate that intern serves like a con-
nector and stability enhancer for the drug molecules.
Van@citrate-AgNPs had improved significant ability
towards both S. aureus (Gram-positive) and E. coli (Gram-
negative), according to an in vitro antibacterial assay. The
findings suggest that examined microorganisms are effec-
tively inhibited by citrate-AgNPs. Depending upon the out-
comes, we are able to say that citrate-AgNPs are effective
transported systems for the medication vancomycin and
that, with minimal adjustments, they may be employed for
controlled administration to bacterial cells. In the end, it is
concluded that the Van@citrate-AgNP is more potent than
the single entity vancomycin towards both S. aureus and E.
coli.

Data Availability
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included within the article.
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Ondansetron tablets that are directly compressed using crospovidone and croscarmellose as a synthetic super disintegrant are the
subject of this investigation. A central composite, response surface, randomly quadratic, nonblock (version 13.0.9.0) 32 factorial
design is used to optimize the formulation (two-factor three-level). To make things even more complicated, nine different
formulation batches (designated as F1–F9) were created. There were three levels of crospovidone and croscarmellose (+1, 0, -1). In
addition to that, pre- and postcompressional parameters were evaluated, and all evaluated parameters were found to be within
acceptable range. Among all postcompressional parameter dispersion and disintegration time, in vitro drug release experiments (to
quantify the amount of medication released from the tablet) and their percentage prediction error were shown to have a significant
influence on three dependent variables. Various pre- and postcompression characteristics of each active component were tested
in vitro. Bulk density, tap density, angle of repose, Carr’s index, and the Hausner ratio were all included in this analysis, as were
many others. This tablet’s hardness and friability were also assessed along with its dimension and weight variations. Additional
stability studies may be conducted using the best batch of the product. For this study, we utilised the Design-Expert software to
select the formulation F6, which had dispersion times of 17:67 ± 0:03 seconds, disintegration times of 120:12 ± 0:55 seconds, and
percentage drug release measurements of 99:25 ± 0:36 within 30 minutes. Predicted values and experimental data had a strong
correlation. Fast dissolving pills of ondansetron hydrochloride may be created by compressing the tablets directly.
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1. Introduction

Super disintegrates are a novel class of agents created in
recent years. Excipients such as “Super disintegrates” assist
break apart compacted mass when used in a liquid envi-
ronment. This is critical for products that need quick
release [1]. These novel compounds have better disintegra-
tion efficiency and mechanical strength at lower concen-
trations. Super disintegrants are the basis for developing
rapid dissolving pills (RDPs). Super disintegrants are
important in dissolving and disintegrating pills. Choosing
the right super disintegrant concentration is critical for
fast disintegration and high dissolution rates [2]. The
combination of swelling and water absorption by the
formulation causes super disintegration. The swelling of
super disintegrants increases the wetted surface of the
carrier, boosting wettability and dispensability of the sys-
tem [3–5]. The ideal super disintegrant concentration is
determined by the disintegrant’s critical concentration.
When the super disintegrant concentration is below a cer-
tain level, the disintegration time of the tablet decreases,
but when the concentration is higher, the disintegration
time remains constant or even increases [6, 7]. Croscar-
mellose sodium (Vivasol, AcDiSol) is a starch-free cross-
linked cellulose that expands 4-8 folds in 10 seconds via
both swelling and wicking mechanisms. It also swells in
two dimensions and is best adapted for direct compression
or granulation. In contrast to croscarmellose sodium, cros-
povidone acts through capillary action. Get a water-insolu-
ble, spongy tablet. It gives empirical models (linear and
quadratic) that characterize the influence of processing
factors on the response investigated. The experimental
design technique reduced the number of trials, identified
factor interactions, identified the ideal response within
the experimental zone, and empirically modelled the data
[8]. The experiments used a two-factor, three-level central
composite design. This architecture explores quadratic
response surfaces and allows for polynomial model build-
ing. Central composite design can estimate second and
third order effects, discover interfactor interactions, and
find response optimums [9].

In addition to treating nausea and vomiting caused by
cancer treatment, ondansetron hydrochloride has been
shown to have anxiolytic and neuroleptic characteristics.
It is highly powerful, deliquescent and metabolized rap-
idly in the liver [10]. Because patients with nausea and
vomiting cannot take oral anti emetics, 5-HT3 receptor
antagonists like ondansetron hydrochloride were first
created as injectable. This is because it is simpler to
administer oral antiemetic medicines than intravenous.
Noninjectable ondansetron hydrochloride fast-dissolving
tablets are a superior choice for cancer patients suffering
from nausea, vomiting, and swallowing difficulties. For
oral or buccal absorption, it may increase bioavailability.
In tablet format, ondansetron hydrochloride is a low-
dose drug, therefore, diluent action is more pronounced
[11]. For the optimization of a new quick dissolving tab-
let formulation, ondansetron hydrochloride was chosen as
a medication candidate.

2. Materials and Methods

Gifts from Torrent Pharma in Ahmedabad, India, and the
Wockhardt Research Centre in Aurangabad, India, included
ondansetron hydrochloride, the crospovidone and croscarmel-
lose sodium formulations, respectively. Mannitol directly com-
pressible was made possible by the kind donations of Indian
lactose spray dried from Strides Arco Labs in Bangalore,
Glenmark Ltd. in Nashik, and Alkem Labs Pvt Ltd. in Mumbai
(Pearlitol SD 200). Analytical reagent quality was found in all of
the other substances.

2.1. Experimental Design. There is an embedded factorial or
fractional factorial design in the core composite design,
which is supplemented with a collection of star points to
enable for curvature estimate. Each face of the factorial space
has a star point in the face-centered central composite
design [12]. The regression analysis of the statistically rele-
vant variables was used to create the second-order regression
models [13, 14]. Regression models are of the following type:

Y = B0 + B1 X1 + B2X2 + B12 X1 X2 + B11 X12 + B22 X22: ð1Þ

Each factor-level combination of X1 and X2 is analyzed;
Bo is an intercept; B1 – B22 are regression coefficients. Y is
the constructive response associated with each factor-level
combination. Predicting dispersion time (Y1), disintegration
time (Y2), and percentage drug release (Y3) from fast dis-
solving tablets was made possible via the application of poly-
nomial equations derived from this optimization approach.
The validity of the response surface models was further
evaluated by comparing predicted values for Y1, Y2, and Y
3 with experimental data.

2.2. UV Absorption Spectroscopy. Using UV spectroscopy, it
was determined that the drug concentration had been
discovered. For the stock solution, the ondansetron hydro-
chloride was dissolved in a pH6.8 phosphate buffer. A
volumetric flask of 100mL was used to transfer 100mg of
medicine. Using pH6.8 phosphate buffer, the volume of
stock solution (B) was brought up to the mark by diluting
one mL of stock solution A with 100mL of the buffer. For
this experiment, aliquots of stock solution (B) (pH6.8 phos-
phate buffer) were serially diluted from 2 to 20 microgram of

Table 1: Variables in 32 full factorial design.

Formulation code X1 X2
F1 0 0

F2 +1 0

F3 -1 -1

F4 +1 -1

F5 0 -1

F6 +1 +1

F7 -1 0

F8 -1 +1

F9 0 +1
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drug per millilitre (mcg/mL). The absorbance of the final
solutions was measured at 248nm using a Systronics AU-
2701 spectrophotometer in Mumbai, India [15].

2.3. Fourier Transform Infrared Spectroscopy (FTIR). The
FTIR spectra of the pure drug and the drug combination
with super disintegrants were both reported. FTIR spectros-
copy was used to evaluate the materials using the KBr pellet
technique [7]. An equal amount of dry potassium bromide
and 10 milligrams of the formulation are then blended
together. Pestle and mortar are used to grind the mixture
to a fine powder. A hydraulic press compresses the mixture
into pellets. The findings were obvious when the transparent
pellets were scanned using a frequency range of 4000–
400 cm-1 [16].

2.4. Preparation of Ondansetron Hydrochloride Fast
Dissolving Tablets by Direct Compression. By using the direct
compression approach, it was possible to create ondansetron
pills that dissolve quickly. Step by step, each component was
combined, then sieved (number 100), and mixed with the
medicine in a plastic bag for 15 minutes. At the end of this
powder combination, talc and magnesium stearate were
added and stirred for another 5 minutes. A single punch tab-
let machine was used to compress the active mixes into 200
milligram tablets. Preliminary batch findings were used to
create 32 factorial designs with two independent variables,
X1 and X2, where X1 represents the quantity of crospovi-
done, and X2 represents the amount of croscarmellose in
the final formulation. For each component, three levels (-1,
0, and +1) were chosen to represent low, centre, and high
values [17]. There were at least nine batches of fast-
dissolving tablet formulations evaluated before and after
compression. Tables 1 and 2 show the arrangement and con-
tent of 32 factorial designs for the ondansetron fast dissolv-
ing tablet formulation [18].

Where +1 is the high value, −1 is the low value, and 0 is
the centre value for the factors X1 and X2. X1 is the amount
of crospovidone, X2 is the amount of croscarmellose.

2.5. Precompression Parameters. Analysis of the precompres-
sion properties of each batch was carried out in accordance
with established protocols, such as angle of repose, bulk den-
sity, tapped density, the Carr’s consolidation index, and the
Hausner’s ratio [19].

2.6. Evaluation Parameters

2.6.1. Weight Variation Test. Each of the 20 pills was
weighed separately using a computerized weighted scale
(Ohaus, USA). Calculate the average weight of 20 pills and
compare the individual tablet weights (Table 3) [20, 21].

2.6.2. Thickness. Placing the tablet between two arms of the
vernier calliper (Indian calliper industries, Ambala, India),
three pills from each batch were tested for thickness [20].

2.6.3. Hardness. Tablet tensile strength (kg/cm2) is the force
required to compress a tablet. The Monsanto Hardness
Tester was used here (Perfit). A random selection of three
tablets from each batch was made [22].

2.6.4. Friability Test. Friability was assessed using a Roche
friabilator. Twenty pills from each formulation were
weighed and spun for four minutes at a speed of 25 resolu-
tion per minute. Removed any excess powder and then
counted. The formula for determining how much weight
one has lost is

%Friability =W1 −W2 ×
100
W1

: ð2Þ

W1 is the pretest weight, and W2 is the posttest weight.

2.6.5. Dispersion Time. Five 10 cm diameter tissue sheets
were put in a petri plate (10 cm diameter). 10mL eosin-
water soluble dye was put to petri plate. On the tissue paper
was carefully put a tablet. Wetting time is the time it takes
for water to reach the tablet’s top surface [22].

2.7. In Vitro Disintegration Test. For this test, the USP disin-
tegration device was employed. Tested in 900mL water at
37°C with six pills per formulation, the study was tripled [22].

2.8. In Vitro Drug Release Studies. The dissolving device USP
II was used for this. At 37°C and 50 rpm, 900mL pH6.8
phosphate buffers were used for in vitro dissolving experi-
ments. Five-minute aliquots were taken and analyzed at
248 nm on an Indian Systronics AU-2701 in Mumbai, India,
at intervals of 5, 10, 15, 20, 25, and 30 minutes each. This
was followed by a gradual release of medicines. There were
three blindfolds in the test [23].

Table 2: Composition of 32 factorial design formulations of ondansetron hydrochloride fast dissolving tablets.

Name of ingredients in mg F1 F2 F3 F4 F5 F6 F7 F8 F9

Ondansetron hydrochloride 10 10 10 10 10 10 10 10 10

Crospovidone (%w/w) 0 7.5 2.5 7.5 5 7.5 2.5 2.5 0

Croscarmellose (%w/w) 0 5 2.5 2.5 2.5 7.5 5 7.5 7.5

Spray dried lactose 150 150 150 150 150 150 150 150 150

Mannitol q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s.

Magnesium stearate 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

Talc 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
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2.9. Accelerated Stability Studies. For three months, the sta-
bility of selected tablet batches was investigated in a stability
chamber at 40°C and 75% RH (Remi Instruments, India). To
determine the stability of a tablet formulation, the physical
characteristics of the tablet were measured at various tem-
peratures and times. It was determined that in vitro dissolv-
ing time and dispersion time were evaluated after 15 days,
one month, two months, and three months.

3. Results and Discussion

3.1. FTIR Spectroscopy. Figures 1 and 2 show IR spectra of
pure drug (ondansetron hydrochloride) and optimized for-
mulation F6 drug with super disintegrates (crospovidone
and croscarmellose). Ondansetron hydrochloride has large
IR absorption peaks at 3941.01 and 3892.17 perhaps owing
to OH hydrogen bonding. Carbonyl group vibrations at
1754.8 and 1684.67 may be responsible for peak 2983.77,
including 1754.78. Ring stretching may be seen in 1556.22,
1508.11, and 1507.27, and the existence of all drug peaks
in the IR spectrum of the drug polymer combination shows
no drug-carrier interaction.

3.2. Precompression Parameters. Table 4 shows the precom-
pression results of final active blends (F1–F9). Bulk and

tapped densities varied from 0:571 ± 0:01 to 0:584 ± 0:02
and 0:610 ± 0:02 to 0:627 ± 0:060, respectively. Carr’s index
(12:14 ± 0:18 to 17:12 ± 0:21) and Hausner’s ratio
(1:14 ± 0:13 to 1:24 ± 0:17) data also revealed favorable
flow qualities.

3.3. Postcompression Parameters. Table 3 shows the out-
comes of postcompression investigations. All nine formula-
tions were similar in size and hardness, ranging from
3:25 ± 0:14 to 3:41 ± 0:03. The low friability (1%) suggested
good abrasion resistance. They passed the weight fluctuation
test. All formulations had disintegration times under three
minutes. The formulation that comprises F1, F3, and F6
formulations showed 37:13 ± 0:03 to 17:67 ± 0:03 and
147:25 ± 0:24 to 120:12 ± 0:55. However, the disintegration
qualities are not preferred when the quantity of both super
disintegrants is arbitrarily changed from high to low. The
dispersion time for F4 and F8 formulations ranged from
130:25 ± 0:28 to 135:42 ± 0:29. Following the aforesaid
observation, combining both disintegrates (7.5 percent of
the total weight of tablet) has demonstrated a substantial
effect and retards the optimal dispersion and disintegration
time. The formulation of F6 revealed decrease dispersion
and disintegration time of 17:67 ± 0:03 and 120:12 ± 0:55,
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Figure 1: FTIR spectra of pure drug (ondansetron hydrochloride).
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respectively. So, the optimal doses of both super disinte-
grants were added to improve the dissolving properties of
formulation F6 (99:25 ± 0:03). Based on disintegration and
dissolving statistics, this formulation seems promising.

3.4. In Vitro Drug Release Studies. Figure 3 shows the in vitro
drug release of each final formulation batch (F1–F9). In all
batches, more than 80% of the medication was released
within 30 minutes. Increased super disintegrant concentra-
tion increases drug release considerably, as in the F6 formu-
lation. More F1–F3–F6 batches were soluble due to myriad
disintegration mechanism established by the combination
of both super disintegrants than F7–F9. The most critical
stage is caused by the swelling impact of additional water
penetration. When disintegration comes into touch with an
appropriate medium, it swells. Thus, the adhesion force
between the tablet’s ingredients is overcome, resulting in

the tablet disintegrating. The dissolving results indicated
that the F6 formulation was the most promising batch,
because the amount of drug release was found to be 99:25
± 0:03 in 30 minutes.

3.5. Factorial Design

3.5.1. In Vitro Disintegration Time. Crospovidone and cros-
carmellose concentrations were shown to affect disintegra-
tion time using a response surface plot (DT). According to
the above findings, the disintegration times obtained were
147:25 ± 0:24 to 120:12 ± 0:55 seconds, with the polynomial
equation producing a negative effect on disintegration time
as concentrations of super disintegrates increased. This
meant that as concentrations of super disintegrates increase,
the disintegration time decreased. F4 and F8 were also found
to have disintegration times of 130:25 ± 0:28 and 135:42 ±
0:29 seconds, respectively, based on the high-to-low-level
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Figure 3: Cumulative percentage drug release of ondansetron hydrochloride fast dissolving tablets.

Table 4: Evaluation of precompression parameters of factorial design formulations of ondansetron hydrochloride fast dissolving tablets.

Parameters F1 F2 F3 F4 F5 F6 F7 F8 F9

Bulk density
(g/mL)

0:582 ± 0:01 0:584 ± 0:02 0:576 ± 0:01 0:572 ± 0:04 0:573 ± 0:02 0:571 ± 0:01 0:572 ± 0:01 0:574 ± 0:01 0:573 ± 0:02

Tapped
density
(g/mL)

0:614 ± 0:01 0:612 ± 0:02 0:610 ± 0:02 0:621 ± 0:08 0:618 ± 0:01 0:614 ± 0:02 0:622 ± 0:04 0:627 ± 0:06 0:615 ± 0:03

Angle of
repose

21:14 ± 0:13 25:24 ± 0:31 22:34 ± 0:21 23:17 ± 0:21 22:21 ± 0:06 25:30 ± 0:51 24:72 ± 0:21 25:17 ± 0:08 25:48 ± 0:52

Carr’s index 17:12 ± 0:21 12:27 ± 0:17 15:17 ± 0:11 13:54 ± 0:25 12:14 ± 0:18 15:02 ± 0:19 15:22 ± 0:21 14:12 ± 0:41 15:90 ± 0:25
Hausner
ratio

1:22 ± 0:11 1:14 ± 0:13 1:24 ± 0:17 1:17 ± 0:21 1:15 ± 0:24 1:18 ± 0:22 1:19 ± 0:27 1:16 ± 0:15 1:14 ± 0:14

Data are represented as mean ± SD (n = 3).
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or low-to-high-level disintegration levels. The capillary
action of crospovidone super disintegrate has a more
negative impact than that of croscarmellose, based on this
finding. A random variation in disintegration time was
seen because the concentrations of disintegrants could be
varied from low to high levels, and the disintegration time

was reduced from 142:21 ± 0:09 to 123:14 ± 0:17 seconds
in this study.

Here is a model equation that can explain the disintegra-
tion time of a parameter.

Disintegration time = +133:42 − 9:05X1 − 6:51X2: ð3Þ
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Figure 5: 3D RSM plot graph for disintegration time with crospovidone and croscarmellose.
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Figure 4: 2D contour plot graph for disintegration time with crospovidone and croscarmellose.
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Coefficient values in the polynomial equation were dis-
covered to be negative in proportion to the decay continu-
ance of each super disintegrant as a result of increasing
super disintegrant concentrations. The results are shown in
Figures 4 and 5, respectively.

3.5.2. Dispersion Time. Crospovidone and croscarmellose
were shown to affect dispersion time via the use of a response
surface plot [24, 25]. Based on these findings, it can be con-
cluded that the dispersion times obtained for crospovidone
and croscarmellose are in the range of 37:13 ± 0:03 to 17:67
± 0:03 seconds, with the polynomial equation producing a
negative effect on dispersion time. This means that as concen-
trations of super disintegrates rise, so does the time required for
their decomposition to take place.

As an additional measure, the dispersion time response
was tested using two formulations: F4 which had high
levels of crospovidone while having low levels of croscar-
mellose, and F8 which contained low levels while having
a high level of crospovidone. After calculating the polyno-
mial equation for both formulations F4 and F8, we found
that the dispersion time was 22:24 ± 0:05 seconds for F4
and 27:74 ± 0:04 seconds for F8 when the concentration
of each disintegrates or independent variable changed sig-
nificantly. If you have ever had to break a pill in half
because of a lack of super disintegrant, you will know
what I am talking about.

Although the dispersion time of formulations including
F2, F5, F7, and F9 was arbitrarily adjusted due to the con-
centrations of disintegrates being able to be modified from
low to high, the disintegration time eventually decreased to

be 33:48 ± 0:01 to 19:83 ± 0:01 seconds. Using the following
model equation, dispersion time may be explained.

Dispersion time = +25:50 − 6:44 × X1 – 3:48 × X2 + 1:21
× X1 × X2 + 1:15X2

1 – 0:4550 × X2:
ð4Þ
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Figure 7: 3D RSM plot graph for dispersion time with
crospovidone and croscarmellose.
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The coefficient values of the polynomial equation were
found to have a negative effect on wetting time when the
concentrations of both disintegrates were at their highest,
and a positive coefficient effect was found when the concen-
trations of the super disintegrate fluctuated randomly
between the highest and lowest levels [26, 27]. Figures 6
and 7 depict the findings.

3.6. Percentage Drug Release. The dispersion time was
shown to be affected by the quantity of crospovidone
and croscarmellose in the solution [28]. The percentage
drug release (percent) was found to range from 90:25
± 0:41 to 99:25 ± 0:36 within 30 minutes, and the poly-
nomial equation producing the positive effect on per-
centage drug release indicates that, as the concentration
of super disintegrates increase, the percentage drug
release increases [27, 29].

For this reason, the formulations F4 and F8, which
contain low levels of crospovidone but high concentra-
tions of croscarmellose, respectively, were created to guar-
antee that the interaction between two independent
variables may affect drug release percentages in a positive
manner. According to the polynomial equation, the

change in concentration of either disintegrates or the
independent variable displayed on the dependent response
variable, i.e., the percentage drug release, was determined
to be 94:78 ± 0:31 and 92:78 ± 0:15 within 30 minutes for
formulations F4 and F8, respectively. A random variation
in disintegration time was observed because the concen-
trations of disintegrates could be changed from low to
high level, and thus, the percentage drug release was
found to be between 91:18 ± 0:39 and 97:13 ± 0:23 within
30 minutes, despite the fact that the formulations con-
tained F2, F5, and F7 as well. Figure 3 depicts the find-
ings: as a result, the model equation for percentage
medication release may be summarized as follows:

Percentage drug release 30minutesð Þ = +94:17 + 2:82X1
+ 1:50X2:

ð5Þ

Regression and ANOVA summaries, as well as a
three-dimensional RSM plot for drug release percentage,
are provided in Tables 5 and 6, respectively. Dispersion

Table 5: Response parameters of various formulations.

Formulation
code

Concentration of CP
(X1)

Concentration of CCM
(X2)

Dispersion time in
seconds

Disintegration time in
second

Percentage drug
release (%)

F1 5 5 25:49 ± 0:02 132:13 ± 0:15 93:87 ± 0:12
F2 7.5 5 19:83 ± 0:01 123:14 ± 0:17 97:13 ± 0:23
F3 2.5 2.5 37:13 ± 0:03 147:25 ± 0:24 90:25 ± 0:41
F4 7.5 2.5 22:24 ± 0:05 130:25 ± 0:28 94:78 ± 0:31
F5 5 2.5 28:50 ± 0:04 142:21 ± 0:09 93:14 ± 0:25
F6 7.5 7.5 17:67 ± 0:03 120:12 ± 0:55 99:25 ± 0:36
F7 2.5 5 33:48 ± 0:01 145:12 ± 0:12 91:18 ± 0:39
F8 2.5 7.5 27:74 ± 0:04 135:42 ± 0:29 92:78 ± 0:15
F9 5 7.5 21:59 ± 0:02 125:14 ± 0:28 95:12 ± 0:14
Data are represented as mean ± SD (n = 3).

Table 6: Summary of results of regression analysis and ANOVA for measured response.

Parameters Response Bo B1 B2 B12 B11 B22 Model lack of fit

Dispersion time in seconds

Coefficients 25.49 -6.43 -3.47 1.20 1.15 -0.45

InsignificantP value — 0.0001 0.0002 0.0086 0.0249 0.1982

Regression DF = 5 MS = 65:99 SS = 329:94 F = 432:20 R2 = 0:9986 —

Disintegration time seconds

Coefficients 133.42 -9.05 -6.51 — — —

InsignificantP value — <0.0001 0.0003 — — —

Regression DF = 2 MS = 372:47 SS = 744:94 F = 81:80 R2 = 0:9646 —

Percentage drug release

Coefficients 94.17 2.82 1.50 — — —

InsignificantP value — <0.0001 0.0006 — — —

Regression DF = 2 MS = 30:66 SS = 61:32 F = 96:41 R2 = 0:9698 —

9BioMed Research International



RE
TR
AC
TE
D

time, disintegration time, and in vitro drug release are all
shown in Figures 8 and 9 by 2D and 3D RSM plots.

3.7. Numerical Optimization. Figure 10 demonstrates the
numerical optimization process used to produce a new
formulation with desired answers. Crospovidone and cros-
carmellose concentration combinations with a desire of
0.9705 met the highest criteria of an optimal formulation
during the study. Various dependent variables were tested
with the improved formulation. Data was gathered and
analyzed to see whether the observed results matched
those expected (regression values such as adjusted R2

and predicted R2 values). Results are shown in Tables 6
and 7 along with percent prediction errors for actual and
projected responses.

3.8. Accelerated Stability Studies. For 90 days, stability
investigations were conducted under accelerated stability
conditions (40°C/75 percent RH) using an optimal batch
F6 according to ICH recommendations. Formulation F6
(physical-chemical characteristics and release profile)
showed no notable modifications, as reported in
Table 8. There is a high degree of stability in the formu-
lation even when subjected to extreme stress. As shown
in Figure 3, the in vitro drug release curves for the F6
tablet after three months of stability testing are parallel
to those of the initial F6 batch (prior to stability). This
shows there has been no change in the drug release
behavior of the F6 tablet after three months of stability
testing. In addition to that, optimized formulation F6

ondansetron hydrochloride was compared to that of mar-
keted formulation (Zofran ODT), and the results were
noticed and concluded that their significant changes were
recorded by comparing the percentage drug release within
30 minutes.
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Figure 8: Contour plot graph for percentage drug release with crospovidone and croscarmellose.
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Table 7: Comparison of regression values (R2) with the prediction error.

Response
parameters

Constraints
set

R2 values Adjusted R2 values Predicted R2 values % prediction error Suggested model P values

Dispersion time Minimize 0.9986 0.9963 0.9831 0.518
Quadratic
model

0.0465

Disintegration time Minimize 0.9646 09528 0.9186 2.554 Linear model <0.0001
In vitro drug release Maximize 0.9698 0.9598 0.9167 0.675 Linear model <0.0001

Table 8: Stability studies of optimized batch F6 at accelerated condition.

Time
Tablet

thickness
Tablet

diameter
Hardness
(kg/cm2)

Friability
(%)

Dispersion time
(seconds)

Disintegration time
(seconds)

Percentage drug
release (%)

15 days 3:36 ± 0:04 8:02 ± 0:01 3:27 ± 0:19 0:54 ± 0:02 17:67 ± 0:03 120:12 ± 0:55 99:25 ± 0:36
30 days 3:38 ± 0:04 8:04 ± 0:01 3:20 ± 0:21 0:52 ± 0:01 19:14 ± 0:07 123:21 ± 0:36 98:34 ± 0:17
60 days 3:41 ± 0:03 8:11 ± 0:03 3:24 ± 0:14 0:53 ± 0:01 18:35 ± 0:04 125:31 ± 0:18 97:35 ± 0:28
90 days 3:43 ± 0:04 8:13 ± 0:05 3:21 ± 0:16 0:53 ± 0:04 17:54 ± 0:04 124:12 ± 0:39 96:28 ± 0:41
Data are represented as mean ± SD (n = 3).
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Figure 10: Overlay plot graph of ondansetron fast dissolving tablets.
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4. Conclusion

Ondansetron hydrochloride fast-dissolving tablets were devel-
oped and improved utilizing a central composite, response
surface, randomized, quadratic, nonblock (13.0.9.0 version)
32 factorial design. On the basis of early research, two indepen-
dent variables, crospovidone and croscarmellose, were chosen.
There were three levels of each of these independent variables.
Dispersion time, disintegration properties, and drug release
are all significantly affected by the abovementioned combina-
tion of super disintegrants, such as crospovidone and croscar-
mellose, at the same proportion (7.5% with formulation F6).
Due to water penetration, the tablet’s adhesiveness is over-
come, causing the tablet to dissolve and break apart. Fast dis-
solving tablets’ maximum release of medication was made
possible by the combination of tablet porousness and disinte-
grate wicking characteristics. Optimum formulas were
selected via feasibility and grid searches using Design-Expert
software to optimize and construct response surface plots
and contour plots. Multivariate regression analysis yielded sta-
tistically meaningful polynomial mathematical models for a
variety of response variables. The Design-Expert programmed
picked formulation F6 because it had a dispersion time of
17:67 ± 0:03 seconds, a disintegration time of 120:12 ± 0:55
seconds, and an in vitro drug release of 99:25 ± 0:36 percent
within 30 minutes.
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