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Abstract:

Earthquakes are among the most dangerous natural disasters that can cause major losses to
buildings and threaten human lives. The research community is very interested in the topic of
earthquakes because they occur suddenly and predicting them is very important for human
safety. Creating accurate earthquake prediction techniques by applying machine learning (ML)
approaches will help save people's lives and prevent damage. To identify important features
and analyze the correlation between these features before submitting them to classification
models, we proposed a new feature selection approach in this paper which combines two
filtering ways: Normalization which is based on the Chi-square approach and analysis of
variance, and the correlation approach based on the logistic regression technique (CLR-
AVCH). Accordingly, three algorithms are applied. Then a facilitated voting classifier is created
that combines the two best models with the highest prediction accuracy (histogram-based
gradient boosting, adaptive boosting) to create a single technique that includes the strengths of
the techniques that were combined to help find important patterns in the acquired data to obtain
a model capable of early prediction of earthquakes. The proposed work achieved higher

accuracy, F1_score, recall, and precision (0.94, 0.92, 0.94, 0.92), respectively.

Keywords: Earthquakes, Machine Learning, Soft Voting Classifier.
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1. Introduction:

An earthquake is a mild to severe tremor caused by the sudden movement of underground
rocks. There are four types of earthquakes: tectonic, collapse, explosive, and volcanic.
Earthquakes occur at tectonic fault boundaries. A tectonic earthquake occurs due to the breaking
of the Earth's crust due to geological forces affecting adjacent plates, causing a change in the
chemical and physical structure. Often tectonic blocks move slowly, so they are trapped at their
edges due to friction. Thus, when the pressure on the edge of friction increases, an earthquake
occurs, and there are energy waves that are transmitted to the Earth’s crust and cause the
vibration that forms the earthquake [1], many losses and injuries due to earthquakes. Every day,
there are natural disasters in all countries of the world. The countries most vulnerable to
earthquakes are Taiwan, Southern California, Iran, Indonesia, Turkey, and Japan.

People feel an earthquake if its magnitude is greater than 2.5, and people do not feel it if its
magnitude is less than 2.5. Destructive earthquakes have a magnitude greater than 4.5 [2].
Sometimes earthquakes cause serious deaths and great material damage, so researchers make a
great effort to predict earthquakes to stop such negative events. To notify people of the danger
promptly. Humans cannot prevent earthquakes, but preventive measures can be taken to reduce
negative events, using machine learning approaches, the strength and danger of earthquakes
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can be predicted [3]. Many technologies can be used, such as sensors, magnetic and electrical

waves, and other devices that can estimate the size of an earthquake based on seismic indicators
by analyzing available data on previous earthquakes [1]. Until now, there is no optimal model
that gives results with 100% accuracy, but there are still attempts to increase the accuracy of
the results provided [4]. Many factors affect the machine learning prediction process, such as
the amount of features, the number of constraints in the data set, and the nature of the
classification or regression problem. Therefore, we will use several algorithms in ML and
compare their results to discover the most suitable one for the specific situation [5]. The main
goal of earthquake forecasting is to determine three important things: the future earthquake,
where it will occur, when, and its size, to reduce losses resulting from earthquakes. Predicting
earthquakes can significantly reduce seismic damage, and this is the primary goal. Accordingly,
there is a great interest in conducting research studies on earthquake prediction [6].

2. Related Work:

e Koehler, J., Li, W., Faber, etc. (2023). This study was conducted to predict earthquakes
by using deep learning (DL) to discover whether a time series lasting more than two years
generates an earthquake larger than five magnitudes or not. The trained technique was
evaluated, and the accuracy was approximately 72.3%. Therefore, it should be developed by
using more available data [7].

e Sajan, K. C., Bhusal, A., (2023). The paper applies four techniques of decision tree,
random forest, logistic regression, and eXtreme gradient boosting (XGBoost) in machine
learning to predict the degree of damage and rehabilitation. By comparison with other
techniques, XGBoost predicts the collapse of institutions and buildings with better accuracy.
However, prediction techniques must be developed to achieve better accuracy [8].

® Researchers Yang, F., and Kefalas, M., (2022), presented a regression model in machine
learning. They developed an automated regression model based on laboratory seismic data,
which helps predict earthquakes. This automated model included modeling, optimization,
feature extraction, and selection techniques. The Bayesian approach is used to develop hyper-
parameters. The results achieved for the model on test and training data mean square error
(MSE) 1.48, 1.51, and mean absolute error (MAE) 1.52, 1.59. However, this model needs to be
developed to achieve the best results for predicting laboratory earthquakes [9].

e Another study by (Berhich, A., Belouadha, F. Z., & Kabbaj, M. 1), applied recurrent
neural network technology to predict earthquakes based on location. K-Means is used to
aggregate data based on geographical parameters to provide a prediction depending on location.

The data set was divided into two groups. The first group includes seismic events whose
P,
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magnitude is between 2 and 5, while the second group includes events whose magnitude is

greater than 5. The model needs to be developed to provide accuracy in performance [10].

e An, Z., et al. (2023), presented a model that combines the multilayer perception (MLP)
and deep interest network (DIN) models and simulated data tests to predict earthquakes. In this
study, the data were processed, and the DIN model was used to predict earthquakes. The results
achieved by the proposed approach are 0.69, and this indicates an improvement rate of about
11% over the original DIN technology. With this improvement, there is still a need to develop
the models used to enhance the monitoring accuracy and model efficiency [11].

3. Methodology:

This stage introduces some classification techniques in ML in this study:

3.1 Hist Gradient Boosting (HGBOOST): Histogram-based gradient boosting, or Hist
Gradient Boosting (HGBoost) [12], is a boosting ensemble that utilizes the histograms of
features for accurate selection and fast for best splits. It is characterized by fast processing. It
reduces the number of features by pooling with graphs to increase the speed of the algorithm.

3.2 ADABOOST: Adaboost (Ada) or adaptive boosting, is a popular technique that fits into
the basic series of algorithm classifiers to update the weight of samples by giving the
misclassified samples more weight and then adapting the learner with the newly updated
weights. By combining the results utilizing the majority voting technique in the classifier base,
the final prediction is reached, and by reaching a higher weight, the highest performance of the
basic classifier is determined [13].

3.3 K-nearest Neighbour (KNN): It is one of the common techniques used in classifying
data, as it works to create another case that is added to the sample that currently exists in a
specific space, and the nearest neighbor is found by calculating features similar to the sample.
Where k is a constant value, through which features similar to the new case are calculated, this
leads to selecting new samples and classifying them into similar categories [12] [14].

In this paper, the researcher proposes using a classification voting technique, which
combines multiple methods to provide the best prediction accuracy for earthquake detection.
4. Proposed method:

The proposed work consists of three steps: pre-processing, feature selection step, and
prediction models. A dataset of earthquakes was downloaded from Kaggle. Which includes two
possibilities: tsunami (1) and other (0). It contains categorical data as well as numerical data
and is stored in CSV format. The 782 samples consist of 2001-2023 [15]. Figure 1 depicts a

system workflow.
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Figure 1: System workflow
4.1 Pre-processing Phase: We apply a series of preliminary operations on the data to
improve its efficiency so that the classification techniques work optimally. The basic operations
in this step are cleaning, and processing missing values. If the missing value is numeric, the
column average will be calculated and replaced with the missing value, and if the missing values
are nominal, it will be replaced with neighborhood values [16]. Now, to produce the dataset
free of missing values, ready for later use, and encoding the data in the data set, as Table 1.

And identify useful features for developing the model [17].

Table 1: Summary of the analyzing dataset.

Seq. features Missing data After handling types
0 title 0 0 object
1 magnitude 0 0 float64
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2 date time 0 0 object
3 cdi 0 0 int64

4 mmi 0 0 int64

5 alert 367 0 object
6 tsunami 0 0 int64

7 sig 0 0 int64

8 net 0 0 object
9 nst 0 0 int64

10 dmin 0 0 float64
11 gap 0 0 float64
12 magType 0 0 object
13 depth 0 0 float64
14 latitude 0 0 float64
15 longitude 0 0 float64
16 location 0 0 object
17 continent 0 0 object
18 country 0 0 object

4.2 Correlation: Correlation indicates the relationship between changes with other pairs.
So, correlations are displayed to illustrate low and high correlations between variables [18].
The correlation technique is widely used in datasets to identify relationships that help to
understand the importance of attributes with respect to the target group to be predicted, as in
Figure 2. Thermal correlations measure the degree of correlation between features, where the
values are [-1,1]. Value (1): represents the presence of correlation between the two features.
And (0): represents the absence of correlation between the two features. The value (—1):
represents the inverse correlation between the two features, the equation below is used to
calculate correlation [19]. n is a sample size, Xi, yi are data points in dataset, and the x is

mean of x-values, y is mean of y-values.

_ T, (-0 i-Y) .
Xy — = (1)
e \/(xi-x)z Y, i—y)?

magnitude —
o.a
depth - D.03

cdi - @21 -D.10

T

i
=10 - 0.0

alert -

——0.2

. —0 . <)

magType -
net -

Eunami

fepth -
funami -

magnitude -

Figure 2: The correlations.
4.3 Data Encoding: Variables are affected by the scale of qualitative factors. Therefore,

these variables must be converted into numerical values through encryption techniques, as some

machine learning algorithms only deal with numerical variables [20]. Therefore, categorical
L
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data must be converted to numerical values (Table 2). In this paper, the label coding approach

was used, the labels of categorical data were converted into numerical values to be used in

modeling and analysis. This approach is effective and simple. The working principle of the

label encoding approach into each class value in the class variable a unique integer is assigned.

The three categorical variables in the data set were coded to improve the functioning of the

model.
Table 2: depicts the data encoding.
a. data before labeling
magnitude date_time |cdi| mini |alert{tsunami| sig net| nst| dmijgap| Mag Typ¢depthllatitude|longitude

0 7.0 22-11-2022 02:03| 8| 7 |green] 1 |768|us|117| 0.5(17.00 mww | 14 | -10 159.6

1 6.9 18-11-202213:37{ 4| 4 |green] O 735|us| 99| 2.2 (34.0 mww 25 -5.0 100.8
2 7.0 12-11-2022 07:09| 3| 3 |green 1 755|us|147| 3.1 [18.0 mww | 579 | -20.1 -178.3
3 7.3 11-11-202210:48| 5| 5 |green] 1 |[833|us|149| 1.8 {21.00 mww | 37 | -19.3 | -172.1
4 6.6 9-11-202210:14| 0| 2 |green 1 670|us|131| 5.0 [27.0 mww | 624 | -25.6 178.3
777 7.7 13-01-200117:33|/ 0| 8 | red 0 |912|us(427| 0 |0.0 mwc 60 13 -88.7
778 6.9 10-01-2001 16:02| 5| 7 | red 0 |745|ak| 0 0 (0.0 mw |364| 568 | -153.3
779 7.1 9-01-200116:49| 0| 7 | red 0 |776|us(372| 0 |0.0 mwb | 103 | -15.0 | 167.2
780 6.8 1-01-2001 08:54{ 0 | 5 | red 0 |711fus{64| 0 |0.0 mwc 33 | 6.6 126.9
781 7.5 1-01-2001 06:57( 0 | 7 | red 0 |865|us(324| 0. 0.0 mwc 33 | 69 126.6

782 rows x 15 columns
data after labeling
magnitude date_ time cdi| mini |alert| tsunami | sig [net| nst | dmi| gap Mag Typ¢ depth | latitude | longitude

0 7.0 22-11-2022 02:03 | 8 7 0 1 768| 9 |117| 0.5 |17.0 8 14 -10 159.6

1 6.9 18-11-202213:37 | 4| 4 0 7351999 | 22 (340 8 25 -5.0 100.8

2 7.0 12-11-202207:09 | 3| 3 0 1 755| 9 |147| 3.1 {18.0 8 579 | -20.1 -178.3

3 7.3 11-11-2022 10:48 | 5 5 0 1 833| 9 |149| 1.8 |21.0 8 37 -19.3 -172.1

4 6.6 09-11-2022 10:14 | O 2 0 1 670| 9 |131| 5.0 |27.0 8 624 | -25.6 178.3
77 7.7 13-01-200117:33 | 0| 8 2 0 9121 9 |427| 0 |0.0 7 60 13 -88.7
778 6.9 10-01-200116:02 | 5| 7 2 0 74510 0 0 |00 5 36.4 | 56.8 -153.3
779 7.1 09-01-200116:49 (0| 7 2 0 776193721 0 |00 6 103 | -15.0 167.2
780 6.8 01-01-200108:54 |0 | 5 2 0 71119 | 64 0 |00 7 33 6.6 126.9
781 7.5 01-01-200106:57 | 0 | 7 2 0 8659 (324 0. |0.0 7 33 6.9 126.6

782 rows x 15 columns

4.4 Data Normalization: Normalization is the process of preparing data for machine

learning. Normalization aims to reduce the number of features to a similar extent. Which

stabilizes the training, improves its function, leads to more data, and increases its safety [21].

The MinMaxScaler function was used, it a function converts data to a specified range and
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rescales the data to set the minimum value to 0, and the maximum value to 1, which scales

each feature individually and has a maximum and minimum value, with values of 1 and 0.

4.5 Feature Selection Phase: In this step, appropriate features are selected to obtain the best
results. Less important data gives fewer opportunities to make decisions due to noise. Less
frequent data gives greater accuracy, and this speeds up the work of the algorithms [22]. Which
reduces training time [23]. The proposed method combines the filtering approach, and their
association through logistic regression with the normalization process, works on analysis of
variance (ANOVA), and uses the chi-square technique (CL-ANCH), as in Figure 3 which
shows the proposed method for our study. Correlation analysis uses the logistic regression
function (logis. coef) to determine the target value and measure the correlation between
features. Where these values are treated as a set of correlation values. Highly related features
are grouped into a single group that includes similar elements. The common features that have
the best values are kept in a group and the rest of the features are neglected. The correlation of
numerical variables is measured using the logistic regression model, the normalization
technique, and ANOVA, which compare the differences through the average values of the
variables. The P value represents the result of ANOVA. These values represent the difference
between the variance within the group, which produces values that show that the null hypothesis
is supported or rejected. The null hypothesis is rejected if the difference between variables is
large. The Chi-squared technique performs a statistical test to examine the variance between
categorical features that were randomly selected. The candidate variable for the feature is
neglected and is not related to the problem. This approach shows that all categorical variables
are important values, as the P value for the Chi-squared technique is <0.05. As in Table 3. This
approach searches for variables that have correlation values less than 1 by analyzing the thermal
correlations of the variables identified in Figure 2. It combines the existing set of correlated
variables into a single group. AVONA and Chi-squared are applied to find variances through
the mean values of the groups and find the P value for variables whose values are less than 0.05
asin (Table 3). While the remaining variables in each group are neglected. Figure 3 shows the
proposed method for our study. Unimportant variables were removed, and variables were kept

that enabled the model to be trained correctly to give better results.

Table 3: display the feature selection phase.

Features With feature selection With proposed method
magnitude 1.44 0.022
depth 3.02 0.002
mmi -0.25 -0.003
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sig 3.08 -0.01

alert -0.078 -0.03

magType -3.40 -0.04

net -5.8 -0.07

tsunami 0.457333 -0.074

| dataset |

]
v

[ apply the correlation of data ]
v

[ merge a set correlation features that had common features into one ]
v
[ apply logistic regression ]
[ use normalization and the Chi-squared and ANOVA and the choose the features if the P-value < 0.05. ]
[ drop the remaining features ]

Figure 3: shows the proposed method

4.6 Split the Dataset: After performing the previous operations, the data becomes ready for
training. At this stage, the data set is divided into two parts (training data = 0.8 and testing data
=0.2) (k=5). The K-Fold (k=5) class is used. It is given as arguments to the number of splits.
5. Applying Models and Results:

Data collection was implemented in Jupyter Notebook using Python code after pre-
processing. Missing values and outliers were handled. The data set used in the study includes
two tsunami cases (1) and (0) otherwise. Categorical data was digitized because some
algorithms only deal with numerical values. The data set was segmented, and the machine
learning algorithms were trained, identifying which ones were highly accurate.

5.1 Voting Classifier: It is one of the types of classification techniques known as group
classifiers that rely on machine learning approaches as it works by combining some techniques
to create a single technique that carries the power of the collected techniques, which gives a
better prediction result [24]. A simplified voting technique was used by introducing two
machine learning classifiers (HGBoost, and AdaBoost), which gave the best results in our study
based on experiments. This new classifier works on a cumulative probability basis, as it uses
the highest probability rate for the input models, which produces a probability value for class 0

or 1, as shown in Figure 4. The proposed method implements some processing steps to develop
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the data set, after which the best features are identified, and the soft voting classifier technique

Is used to provide the best results in classifying earthquake types with the best results.

AdaBoost \

Sum:; Class (0,1)
Average probability sum for (1 and 0)

I
Average probability high is the best prediction

)

Figure 4: Display the proposed model (Soft VVoting classifier).

N

5.2 Evaluation: Three popular algorithms in this stage are used to help identify data patterns
resulting from the testing process. At this stage, the results will be verified by algorithms and
their presentation. To identify classification errors specific to each algorithm to test its accuracy,
relying on the confusion matrix. The new model (soft voting classifier) is built by selecting the
two best algorithms in terms of results. Where the performance of the techniques used
(HGBoost, AdaBoost, and KNN) was compared and the model (soft voting classifier) was built,
the features gained from the proposed feature selection approach (CLR-ANCH) were passed to
the data set segmentation process to be divided into a training part and a test part for the
classifiers to be used. The performance of the new classifier was compared with other
techniques used. Table 4 represents the comparison results for these models. The soft voting
classifier gave the best classification accuracy. Table 4 displays the soft voting classifier gave
the highest degree of accuracy (.094), F1 score (0.92), recall (0.94), and precision (0.92)
because the voting classifier depends on integrating the two models into one model that carries
the strength of these combined models, which leads to the best prediction accuracy. Figure 5
displays the receiver operating characteristic (ROC) curves for HGBoost, AdaBoost, KNN, and

the soft voting classifier.
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Table 4: displays the result of models.

confusion matrix
Models TP FP  |accuracy| F1_score recall precision
FN TN
57 6
KNN 7 87 0.91 0.89 0.89 0.90
59 7
AdaBoost 0.92 0.90 0.92 0.89
5 86
HGBoost 61 8 0.92 0.91 0.95 0.88
3 85
Voting model 60 > 0.94 0.92 0.94 0.92
g 4 88 ' ' ' '
ROC Curve
1.0 — —
0.8 f_f—f‘f_
=
él_:}
g 0.6
38
[ =N 0.4
(4 F]
=
'_
o2 —— AdBoost, (AUC)= 0.870
—— NotingClassifier, (AUC)= 0.878
—_— HGBoost, (AUC)= 0.869
0.0 - — NN, (AUC)= 0.778
O.IO o_lz Old O_IL') O.I!:i _L.IO
False Positive Rate

Figure 5: Display the ROC curves
6. Conclusion:

The proposed method consists of data pre-processing, normalization, and feature selection
process through a correlation based on logistic regression as well as a normalization process
with an analysis of variance (ANOVA) and chi-square (CL-ANCH), to select the best features
to improve samples in the data set. The models proposed for earthquake prediction are (KNN,
AdaBoost, HGBoost, and soft voting). The new model (Soft VVoting) includes two techniques
(HGBoost, and AdaBoost). The models are based on seismic indices calculated statistically and
mathematically from the data set and later used as input for the proposed algorithms. Several
metrics were utilized to evaluate the power of each algorithm. When comparing the
performance of the techniques used and the new model, the highest performance and most
power in the prediction process was for the proposed new model. It achieved an accuracy of
0.94, a recall of 0.94, precision of 0.92. and F1 score of 0.92. My future work for the study is
to apply more feature selection models to a large dataset to improve diagnosis. In addition,

using deep learning models.
e —
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Abstract:

Due to the unique properties of a heterocyclic compound, it gained attention in the field
of materials science. This study aims to provide a comprehensive synthesis of new co-
polymers containing 1,3,4-thiadiazole. For this, a thorough search of electronic databases
was conducted to identify relevant articles published from 2010 to 2021, using appropriate
keywords and inclusion criteria. The selected studies were critically evaluated, and data was
extracted and synthesized. The review includes a discussion of the various approaches used
to prepare copolymers containing 1,3,4-thiadiazole, such as oxidative polymerization,
electrochemical polymerization, and other methods. The properties and applications of the
synthesized copolymers were also analyzed, including their thermal stability, electrical
conductivity, and optical properties. The review concludes with an outlook on the prospects
of co-polymers containing 1,3,4-thiadiazole and their potential applications in various fields,
such as optoelectronics, sensors, and energy storage devices. The findings provide a valuable
resource for researchers and engineers interested in the synthesis and properties of co-
polymers containing 1,3,4-Thiadiazole.

Keywords: Systematic Mapping, Co-Polymers, 1,3,4- Thiaidiazole, Polymerization
Method, Energy Storage.
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1. Introduction:

1,3,4-Thiadiazole is a heterocyclic compound that has received noteworthy consideration
within the field of materials science due to its particular properties, such as its high electron
affinity [1], good thermal stability, and strong electron-accepting ability. Co-polymers
containing 1,3,4-thiadiazole have emerged as promising materials for various applications,
such as optoelectronics, sensors, and energy storage devices, due to their tunable electronic
and optical properties. The synthesis of co-polymers containing 1,3,4-thiadiazole involves
the polymerization of 1,3,4-thiadiazole-based monomers with other monomers, such as
carbazole, thiophene, and benzothiadiazole, to form a polymer with a copolymer structure
[2]. The selection of the appropriate monomers and polymerization method plays a crucial
role in controlling the properties of the resulting co-polymer. In recent years, there has been
a significant increase in the research on co-polymers containing 1,3,4-thiadiazole, and many
new synthetic approaches have been developed to prepare these materials. The synthesis of
co-polymers containing 1,3,4-thiadiazole has become an active area of research due to the
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potential applications of these materials in various fields [3]. A literature search identified a

significant number of studies published between 2015 and 2023 that focused on the synthesis
of co-polymers containing 1,3,4-thiadiazole. Various synthetic approaches were employed in
the studies, including oxidative polymerization, electrochemical polymerization, and other
methods. The studies reported the properties and applications of the synthesized co-polymers,
such as their thermal stability, electrical conductivity, and optical properties. In this
systematic mapping, we provide a comprehensive overview of the synthesis of new co-
polymers containing 1,3,4-thiadiazole, including the various synthetic approaches and the
properties and applications of the synthesized materials [4]. Systematic mapping aims to
provide a comprehensive overview of the research in this field and identify the recent
advancements made in the synthesis and characterization of co-polymers containing 1,3,4-
thiadiazole.

2. Previous Related Work:

Several studies on the synthesis of co-polymers containing 1,3,4-thiadiazole are vast and
have been extensively studied in recent years. Khudhair, et al. (2018) studied the optical and
electronic characteristics of eight compounds, which are samples based on the acceptor
benzothiophene and the four 1,3,4-thiadiazole. All of the quarter 1,3,4-thiadiazole and
benzothiophene structures outlined in this work have giver gather substituents (COH and CP)
and acceptor gather substituents (Br, OH, Cl, F, and CN). Using the DFT B3LYP/6-31G(d)
approach, the optimization's geometric, electronic, and optical properties were considered
and computed. The results showed that all of the structures under ponder have the same shape
(packer and shape), demonstrating that the substituent does not influence the auxiliary
geometries of the particles. When the particles included substituents from the giver and
acceptor bunches, the whole energies expanded, demonstrating that the structures changed
over more stability[5].

Shad, et al (2014) indicated that synthesized Using the microwave induction heating
approach, new functional poly(amide-thioester-imide)s were created by a one-step poly
condensation reaction of a diamine with a 2-amino-5-mercapto-1,3,4-thiadiazol substituent
and several diacids that had flexible amino acid links in molten TBAB salt. The polymers
exhibited a higher degree of solubility than the traditional fully aromatic polyimides. The
thin films made from these polymers have a smooth, pinhole-free surface. Consequently, in
the UV-vis light region, all of the polymeric low-colored thin films showed great optical

transparency and were noticeably flexible [6].
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Alberto, et al (2020) mentioned that Synthesis Lactosyl-lysine and lactosyl-octapeptide

derivatives are synthesized via the SUFEX process. Given the experimental characteristics,
it's probably reasonable to say that SUFEX has the added benefit of having a bio-orthogonal
click reaction in addition to being bio-orthogonal. Consequently, there is a ready supply of
fluoro-based reagents. According to Marra, (2020), the benefits of integrating the click
chemistry qualities with the bio-orthogonal feature in SUFEx open up new avenues for
biological chemistry applications that are not possible with the more established CUAAC.
Because of this, numerous attempts have been made to get around this restriction by
substituting other metals for the copper catalyst, but it doesn't seem like any positive
outcomes have been achieved thus far [7].

Artesian, et al (2020) tested various benzotriazole-based coating recipes on copper and
bronze specimens with varying corrosion patinas using chemicals that are green and brown.
Conducting preventive corrosion experiments on bare bronze in the absence of any coating
revealed that, as anticipated, the green patinated bronze had a greater corrosion current
density (36.3 WA cm2). The current density of the naked bronze was 3.16 HA cm2, but the
brown patina-covered bronze had a density of 16.1 pA cm2. The fact that bare and brown
bronze have low current densities suggests that these kinds of compounds restrict current
flow, shielding the metal substrate. Conversely, a high current (found for the green patina)
indicates that the material flows through the sample with ease, indicating rapid corrosion of
the metal [8].

Overall, the previously mentioned studies highlight the importance of co-polymers
containing 1,3,4-thiadiazole in the development of novel materials for various applications,
identify the recent advancements made in the synthesis and characterization of these
materials, and provide insights into the prospects of co-polymers containing 1,3,4-
thiadiazole.

3. Research Questions:

The following are research questions that could guide a Systematic review study for the
synthesis of new co-polymers containing 1,3,4 Thiadiazole.

Q1 /What are the different synthetic approaches used for the preparation of co-polymers
containing 1,3,4-thiadiazole?

Q2/What are the properties of co-polymers containing 1,3,4-thiadiazole, such as their
thermal stability, electrical conductivity, and optical properties?
Q3/What are the potential applications of co-polymers containing 1,3,4-thiadiazole in

various fields, such as optoelectronics, sensors, and energy storage devices?

P,
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Q4/What are the challenges in the synthesis of co-polymers containing 1,3,4-

thiadiazole, and how have they been addressed in recent studies?
4. Research Statement :

The following is a search statement for the systematic review study on the synthesis of
new co-polymers containing 1,3,4-thiadiazole:

("1,3,4-Thiadiazole" OR "thiadiazole-based monomers™ AND (*"copolymer* OR "co-
polymer*") AND ("synthesis" OR "preparation” OR "fabrication” OR "construction™) AND
("properties™ OR "characterization" OR "performance”) AND ("applications™ OR "devices"
OR "optoelectronics” OR "sensors™ OR "energy storage™)

The data has been collected from various scientific databases, including Web of Science,
Scopus, Google Scholar, springer, and PubMed, and will include articles published between
2010 and 2021. They are limited to articles published in English.

5. Screening Of Papers :

In a systematic mapping review, the screening process typically involves several stages to

identify relevant papers that will be included in the review. The following are the general

steps involved in the screening process. Figure 1 below explains these steps:

Process Steps
Perform Perform Data
DeﬁQn:el:te“s,::rch Conduct Search Screen Papers Keywording using Extraction and
Abstracts Mapping Process
: Classification s ic Ma
Review Scope All Papers Relevant Papers Schane ystematic Map
Outcomes

Figure 1: shows the systematic review process.

6. Use Various Models to Build Different Perspectives:
We can explain any schema or description of any topic by constructing schemas. Define
an overall vision for the article on each topic and approach it with some options. In this

article, we show how to use these scenarios as explained below:

A. Distribution of studies according to years:
This graph shows the distribution of the number of studies per year and the percentage
of publications per year, it focuses on which papers have full pages or short pages Figure 2

shows the distribution of studies in each year.

L
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Figure 2: shows the distribution of studies in each year
B. Venue Chart:
The chart offers researchers a different perspective. Distribute papers by year, number of
short or full-page papers, and paper type for conferences and journals Figure 3 shows the
Venue Chart).
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Figure 3: shows the Venue Chart
7. Classification Schemes:
To conduct a systematic review of studies on co-polymers containing 1,3,4- thiadiazol, a

classification scheme can be developed based on several key criteria. These criteria include:

A.  Polymerization method: The first classification scheme could be based on the
method of polymerization used to synthesize the co-polymers. For example, co-polymers can
be synthesized using various methods such as solution polymerization, emulsion
polymerization, suspension polymerization, and others.

This classification can help to identify the differences in the properties of the resulting
copolymers based on the polymerization method used [9].

1. solution polymerization
2. emulsion polymerization
3. suspension polymerization
4. bulk polymerization
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B. Chemical structure: Another classification scheme could be based on the chemical

structure of the co-polymers. This scheme could focus on the variations in the chemical
structure of the 1,3,4 thiadiazol monomer [10], the other monomers used in the co-
polymerization, and their distribution in the polymer chain Figure 4 polymerization method
with chemical structure), Table 1. This can help to understand the relationship between the
chemical structure of the co-polymers and their properties [11].

1. co-polymers
2. homo polymer

C. Application: A classification scheme based on the application of the co-polymers
can also be developed. This could include different applications such as energy storage
devices, organic electronics, and sensors, among others. This can help to understand the
specific properties required for different applications and how the chemical structure and
polymerization method can affect these properties [12].

1. Energy storage
2. Organic electronics

D. Properties: Another classification scheme could be based on the properties of the co-
polymers, such as their thermal stability, solubility, conductivity, and mechanical properties
Figure 5 shows Properties with Chemical structure scheme), Table 2. This can help to
identify the different factors that can affect the properties of the co-polymers and how these
factors can be optimized to obtain desired properties [13].

1. Thermal stability
2. Solubility
3. Conductivity

These classification schemes can be used to categorize and synthesize the information
obtained from different studies on co-polymers containing 1,3,4 thiadiazol, allowing for a

comprehensive understanding of the field.

Table 1: shows The Polymerization method with Chemical structure schema

Chemical structure

Polymerization Method

homo polymer | CO-polymer
. [14][15][16][17][18][19]
Bulk Polymerization [16] [20[[21][22]
Emulsion Polymerization [23] [25] [26] [27][28] [18] gg} [24] [25] 26] [27][28] [29]
. . [31] [34] [36] [37]1 [38] [39] | [32][33][34][35][36][37][38]
Solution Polymerization [40] [41] [43] 39] [40] [41] [42] [43]

[44] [50] [74] [75] [76] [77] | [44] [45] [46] [47] [48] [49] [50]
[78] [79] [80] [81] [82] [83] | [51] [52] [53] [54] [55] [56] [57]
Suspension Polymerization | [84] [85] [86] [87] [88] [89] | [58] [59] [60] [61] [62] [63] [64]
[90] [91] [92] [93] [94] [95] | [65] [66] [67] [68] [69] [70] [71]
[96] [97] [98] [99] [72] [73]
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Figure 4: Polymerization method with Chemical structure scheme

Table 2: Shows The Properties With Chemical Structure Schem

. Chemical structure
RGBS homo polymer CO-polymer
[100 ][101] [102] [103]

Thermal Stability | [100][107] [104[[105][106][107][108][109]
Solubilit [111] [112] [113] [110][111][112[[112] [113] [114]

olubiiity [114][1115] [116] [118] | [115] [116][117][118]
oy | Ezuan e | BN

[130] [127][128][129][130]

Number of papers

Properties with Chemical structure

schema
- - lvmer
12 o ’ a horrfgp%oly»:nei
thermal conducti
stability = solubility vity
B homo polymer 2 7 4
H CO-polymer 10 10 9

B homo polymer M CO-polymer

The synthesis of new co-polymers containing 1,3,4-thiadiazole has distinctive properties

Figure 5: shows Properties with Chemical structure schema.

4. Conclusions

of 1,3,4-thiadiazole including high thermal stability, chemical resistance, and optical

transparency. The most common method is the polycondensation of 1,3,4-thiadiazole
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monomers with other monomers, such as aromatic diamines and dicarboxylic acids. Other

methods include the ring-opening polymerization of 1,3,4-thiadiazole-containing cyclic
monomers and the copolymerization of 1,3,4-thiadiazole monomers with other monomers
using transition metal catalysts. The properties of 1,3,4-thiadiazole-containing co-polymers
can be tailored by varying the type of monomers used in the synthesis. For example, co-
polymers with high thermal stability can be synthesized using monomers with high glass
transition temperatures. Co-polymers with high chemical resistance can be synthesized using
monomers with electron-withdrawing substituents. Co-polymers with high optical
transparency can be synthesized using monomers with low refractive indices. 1,3,4-
Thiadiazole-containing co-polymers have been shown to have a wide range of applications.
Future research on the synthesis of 1,3,4-thiadiazole-containing co-polymers should focus on

developing new methods that are more efficient and environmentally friendly.
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Abstract:

This research deals with the three types of COVID-19 vaccines (AstraZeneca vaccine,
Sinopharma, and Pfizer-Biontech) in terms of manufacturing, producing companies, and the
countries in which the tests were conducted, in addition to the teams that provided the
researchers with these vaccines. In this research, a statistical study about the effectiveness of
these vaccines is presented and the extent of their impact on the vaccinator if he was healthy or
carrying some other diseases. After that, a statistical study is presented, comparing it between
the types of vaccines and which one is the most used, by taking a sample from the State of Iraq,
Maysan Governorate, consisting of 60 individuals who took the vaccine. a special questionnaire
was used for this purpose and the results were, another questionnaire about the acceptance of
the local community results were analyzed using an SPSS program (Table 5, 6 and 7). Another
questionnaire about the acceptance of the local community representing Maysan Governorate
to obtain the vaccine for the emerging coronavirus, COVID-19. The questionnaire was also
delivered to statistical specialists before submitting the questionnaire. Important results were
obtained, including the most received vaccine Pfizer-BioNTech and Sinopharm, by 40% and

all those who received the vaccine were not infected after taking the vaccine.
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1. Introduction

Following the disease's initial appearance in Wuhan, China, in early December 2019, and its
subsequent spread to other Chinese cities before rapidly expanding to the rest of the world, the
World Health Organization formally declared on January 30 that the virus outbreak represents
a public health emergency of global concern and verified On March 11, the outbreak developed
into a pandemic, resulting in an unprecedented occurrence that could necessitate a concerted
international response and threaten the public health of other nations due to the disease's
international spread. As of May 26, 2021, there have been over 167 million cases of Covid-19
infections across more than 188 countries and regions. which includes over 3,480,000 deaths
and over a million infected individuals who have recovered. With over 25% of the confirmed
infections worldwide, the United States is the nation most impacted by the pandemic [1][2].
The primary method of virus transmission is close contact between people, frequently through

respiratory droplets from talking, sneezing, or coughing. Droplets typically don't travel very far
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through the air before landing on the ground or other surfaces. In an uncommon scenario, people

can contract the virus by touching their mouth, nose, or eyes after coming into contact with a
contaminated surface [1][3][4][5].

In patients who are asymptomatic, the disease may spread prior to the onset of symptoms,
with the highest transmissibility occurring in the first three days following the onset of
symptoms.

Significant global social and economic harm was caused by the pandemic, including the
greatest recession since the Great Depression, as well as the postponement or cancellation of
athletic, religious, political, and cultural events, a severe shortage of supplies and equipment
made worse by panic buying, and a decrease in greenhouse gas and pollutant emissions. Online
misinformation about the virus has proliferated, and there have been instances of racial
discrimination and xenophobia directed towards Chinese individuals and those who are thought
to be Chinese or to originate from regions with elevated infection rates. Approximately 73.5%
of students worldwide were impacted by the national or local closure of schools, universities,
and colleges in 190 different countries. After that, most universities and schools resorted to
electronic study, and their level of success varied from one country to another and from one city
to another, where students whose financial condition is not Good. They are suffering from the
costs of using educational aids, because they require the availability of the Internet and
continuous electric power, which has caused many students to leave their schools and
universities [6][7].

All of this required the developed countries to conduct tests and take samples to find a
vaccine that would help end this pandemic. Therefore, many teams in companies, universities,
and research centers (Oxford University, Edward Jenner Institute, ...) conducted many tests and
took samples to reach a suitable vaccine. We all know the importance of mathematics, as many
diseases are studied based on mathematical models [8] Sometimes the stability of these diseases

or the extent of their control is studied [9][10].

2. Research Importance

The following are just a few of the statements that highlight the significance of the research:

1. Educating others about the significance of receiving the vaccination.

2. Providing enough details about every kind of vaccination, including its composition,
effectiveness, level of safety, and adverse effects.

3. Outlining the community sample's views on vaccination acceptance and the degree to

which it is accepted.
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4. Knowing the most used types of vaccines through the statistics mentioned in the

research.

3. Questions

* The most important questions about taking the vaccine are as follows:

» What does the AstraZeneca vaccine mean?

» What does the Sinopharm vaccine mean?

* What does the Pfizer-BioNTech vaccine entail?

* What are the most used vaccines?

» What are the side effects after taking the vaccine?

* Is the person infected after taking the vaccine?

*How many doses should the vaccinator take?
4. Target Groups

There are targeted groups to take this vaccine because they are more likely to be exposed to
Covid-19 compared to the rest of their peers, so the priority was for them to take the vaccine
dose, and these groups are:
1- Employees of the Ministry of Health (with all their job titles) (high risk, medium risk, low
risk).
2- The elderly (50 — 59 years old, 60 — 69 years old, over 70 years old)
3- People with chronic diseases.
4- Personnel from security forces (all kinds).
5- Displaced persons and refugees in camps.
6- People with cancer, immune disorders, and hereditary blood diseases.
7- Those with high-risk professions: (teaching staff, media professionals, employees at railroad
and border crossings, eateries, and convicts residing in state houses and prisons.

5. Methods

For the purpose of this review, English-language articles published between January 15,
2020, and January 1, 2022 were searched using international databases such as PubMed, Web
of Science, and Scopus. There were articles of every kind: OVID-19, new coronavirus, 2019-
nCoV, coronavirus disease 2019, vaccination, Sputnik V, Gamaleya, Gam-COVID-Vac,
Sinopharm, BBIBP-CorV, Oxford, ChAdOx1 nCoV-19, AstraZeneca, and AZD1222 were the
keywords used. References were imported into Endnote software and duplicate titles were
eliminated after collecting articles of interest. In the chosen research there are a total of 13

vaccines that have been approved by the emergency use listing (EUL), have national licenses,
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or have conditional use, according to the UNICEF website (Table 1). Three vaccines are

available in Iran: FAKHRAVAC (MIVAC), which has one trial, Razi Vaccine and Serum

Research Institute (Razi Cov Pars), which has two trials, and Shifa Pharmed Industrial Co.,

which has four trials [15].

Table 1: Number of vaccine approvals reported by UNICEF [11][12][13][14]

Vaccine developer WHO EUL | Licensure | Emergency/conditional use
Anhui Zhifei Longcom Biopharmaceutical - 1 1
AstraZeneca 2 4 65
Beijing Institute of Biological Products (CNBG) 1 2 16
Bharat Biotech - - 6
CanSino Biologicals - - 5
Chumalov - 1 -
Gamaleya Research Institute - 8 54
Janssen 1 1 37
Moderna 1 1 33
Pfizer/BioNTech 1 6 58
Sinovac - - 23
Vector State Research Center - 1 -
Wauhan Institute of Biological Products - 1 1

6- COVID-19 Vaccines

After a lot of time has passed, the World Health Organization approved some types of
vaccines after they proved their effectiveness. In this research, three types of these vaccines are
explained that are more effective and accepted in most countries of the world.

6.1. AstraZeneca vaccine (AZD1222)

Oxford-AstraZeneca OZD1222 Vaccine (in English: AZD1222) It is also known as:
ChAdOx1 nCoV-19 and is referred to in the media as: AstraZeneca vaccine, Oxford vaccine,
or the newly formed Vacciferia vaccine. It is a vaccine against Coronavirus disease. It was
developed and produced by Oxford University in collaboration with the British-Swedish
company AstraZeneca. It is meant to be injected intramuscularly. A group led by Sarah Gilbert,
Adrienne Hill, Andrew Pollard, Theresa Lambie, Sandy Douglas, and Catherine Green from the
Oxford Vaccine Group and the Edward Jenner Institute for Vaccine Research is conducting the
vaccine research. Phase III clinical trials for the vaccine were started in November 2020 [16].

Based on a regimen that involves administering half the dose and then the full dose after a
minimum of one month, the vaccine proved to be 90% effective. These findings were derived
from multiple trials involving participants who were all under the age of fifty-five. When two
complete doses were administered at least one month apart, another dosage schedule
demonstrated 62% efticacy [17]. Working with the Italian vaccine manufacturer Advent SRI in

Pomezia, on the IRPM campus, the Edward Jenner Institute and the Vaccine Research Group
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at the University of Oxford conducted the study. The first batch of the COVID-19 vaccine for

use in clinical trials was made at this facility [18]. Leading the research team were Sandy
Douglas, Catherine Green, Teresa Lambie, Andrew Pollard, Adrienne Hill, and Sarah Gilbert.
On December 30, 2020, the vaccine was approved for use in the UK immunization program,
and on January 4, 2021, the first dose was given. In March 2021, some countries stopped Among
them, Germany, France, Italy, Spain, the Netherlands, Norway, Denmark and Sweden have used
the vaccine temporarily for fear of its connection to rare cases of blood clotting that have been
observed in a small number of vaccine recipients. After the European Medicines Agency's
statement, European countries resumed AstraZeneca vaccinations [19][20]. However, the
controversy over the vaccine's relationship to rare blood clotting cases continued after doubts
about the vaccine's effectiveness, which were later corrected, in addition to the death of seven
people in Britain who received the AstraZeneca vaccine, Table 2 shows the characteristics of

the vaccine [21].

Table 2: Characteristics Of The AstraZeneca Vaccine (AZD1222)

Property the details

Vaccine Making Technology Non-Replicating Viral Vector
Number Of Doses 2

The Interval Between Doses tweeks

Target Groups +YA years old

Method Of Administration Deltoid glaucoma

Storage Temperature (+2 to + 8)degrees Celsius
Packing Type Multi-dose vial

The Amount Of Vaccine In One Vial | () +)potions

Dose 0.5ml

Pharmaceutical Form Liquid

Vaccine Vial Monitor Vvm Nothing

The vial is damaged 6 hours after opening it or at the

Olpan [E2ile Follle) end of the vaccination session

Effectiveness 70.4 %
Expiry Amonths
Light Sensitivity Photosensitive

*Very common symptoms: pain, swelling and slight
redness at the injection site, headache, joint and
muscle pain, fever and feeling tired.

*Common symptoms: flu-like symptoms (high
Side Effects temperature, pharyngitis, runny nose, cough and
chills), fever, vomiting.

*Uncommon symptoms: loss of appetite, abdominal
pain, excessive sweating, itchy skin or rash, swollen
lymph nodes.

6.2. Sinopharm vaccine (BBIBP-CorV)
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It is one of the two candidate vaccines against coronavirus disease, which the China National

Pharmaceutical Industries Group is developing and producing, and it is intended for
intramuscular injection. As of December 2020, the vaccine has entered phase 111 clinical trials
in: Among those with more than 60,000 subjects were Argentina, Bahrain, Egypt, Morocco,
Pakistan, Peru, and the United Arab Emirates. Through China's emergency use program, almost
one million people had received the vaccine as of November 2020. Nearly 100,000 UAE
residents had gotten the vaccination by December 2020 as part of a voluntary program [22][23].
The Sinopharm vaccine was formally registered by the UAE on December 9, 2020, following
an interim analysis of Phase 11 trials that revealed the vaccine's 86% efficacy against COVID-
19 infection. It was given permission to use the vaccine along with Bahrain, but the UAE did
not specify how it would be used [24]. On December 12, 2020, Peru halted trials of the
Sinopharm vaccine to investigate an adverse event in a volunteer before restarting trials on
December 16. The vaccine uses similar, more traditional technology as CoronaVac and other
vaccines being developed in phase I11 trials [25]. Such technology has been successfully applied
to many well-known vaccines such as the rabies vaccine, but the lack of public data could limit
the vaccine's distribution in a variety of other countries, Table 3. shows the characteristics of
the vaccine.

Table 3: characteristics of the Sinopharm vaccine (BBIBP-CorV) 6.3. Pfizer-BioNTech

Property the details

Vaccine making technology Inactivated virus (1V)
number of doses 2

The interval between doses 21 days

Target groups 60-18 years old
method of administration Deltoid glaucoma
storage temperature (+2 to + 8)degrees Celsius
packing type Various fillings

The amount of vaccine in one vial single and multiple
Dose 0.5 ml
Pharmaceutical form Liquid

Vaccine Vial Monitor VVM Nothing

The vial is damaged 6 hours after opening it or at the end of

e el gallisy the vaccination session

Effectiveness 79.34 %

Expiry 9 months

light sensitivity Photosensitive

side effects Common symptoms (10%): such as pain, swelling and stiffness

at the injection site, fatigue, body aches, mild diarrhea and fever
that disappears within 4 days after taking the vaccine.

Note: No other serious side effects have been reported with this
vaccine, although people who are allergic to other vaccines or
to the first dose of this vaccine may be at risk of an allergic
reaction.
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The WHO Strategic Advisory Group of Experts on Immunization released policy

recommendations regarding the launch of Pfizer-BioNTech's COVID-19 vaccine, which was
the first to be approved by the WHO under the Emergency Use Protocol. The Pfizer-BioNTech
COVID-19 vaccine with mRNA technology is a safe and effective vaccination, according to
the Strategic Expert Group. On the other hand, immunization is not advised for a few specific
groups due to contraindications, a lack of supplies, or insufficient information. Currently, these
groups include individuals who have experienced severe allergic reactions in the past, the
majority of pregnant women, non-priority international travelers, and children under the age of
sixteen. Currently, immunizing health workers who are at high risk of infection comes first,
then the elderly, and then the general public. People with allergies The vaccine shouldn't be
administered to anyone who has experienced severe allergic reactions to any of its ingredients
in the past. expectant and nursing mothers COVID-19 is linked to an increased risk of accessible
delivery and puts pregnant women at higher risk of serious complications. However, because
there is not enough information at this time, the organization does not advise pregnant women
to get vaccinated. A pregnant woman may be advised to consider vaccination in consultation
with her healthcare provider if there is an unavoidable risk of exposure (such as working in
healthcare). The nursing mother can get the vaccination if she belongs to a group that is advised
to get it (like health professionals). The WHO advises against quitting breastfeeding following
immunization. Children younger than 16 have not been subjected to vaccination trials.
Therefore, even though they belong to one of the groups most at risk of infection, the WHO
does not currently recommend immunizing children under the age of sixteen. Individuals with
Recognized Health Issues It has been demonstrated that the vaccine is both safe and effective
in individuals with a range of illnesses linked to a higher risk of developing serious illnesses.
This covers stable and managed chronic conditions as well as diabetes, asthma, pulmonary
disease, liver, and kidney disease. Further research on how the vaccine affects individuals with
compromised immune systems is required. According to the initial recommendation,
immunocompromised individuals who belong to a group that is advised to be vaccinated may
get the recommended vaccination, but only after receiving information and counseling, if
available. COVID-19 can cause serious complications for people living with HIV. Little
information about the safety of vaccines in HIV-positive individuals under close observation
has been obtained from clinical trials. As much as possible, those getting immunizations should
be advised and made aware of the data that is currently available. People who have had COVID-

19 in the past can be vaccinated. However, due to limited vaccine supplies, these people may
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wish to defer vaccination for up to 6 months after they have been infected with SARS-CoV-2.

As more information on the length of acquired immunity following infection becomes
available, this time frame may be adjusted. It is not advised to test for prior infections when
making vaccination decisions. Visitors At this time, the World Health Organization opposes
requiring proof of COVID-19 vaccination from foreign visitors in order to grant them
permission to enter or exit a nation or to travel abroad. View the WHQO's preliminary travel
advice while visiting other countries during the Covid-19 pandemic. The first dose of the
vaccine has a protective effect that lasts for 12 days. However, in order to obtain complete
protection, two doses must be administered; the recommended interval between the two doses
is 21 to 28 days. More research is needed to understand the longer-lasting protection that may
occur after receiving just one dose of the virus, Table 4. shows the characteristics of the vaccine
[26].

Table 4: characteristics of the vaccine Pfizer—BioNTech

Property the details

Vaccine making technology Transfer RNA (mRNA) technology
number of doses 2

The interval between doses 21 to 28 days

Target groups

+YA years old

method of administration

Deltoid glaucoma

storage temperature

(—60) to (—80) degrees Celsius

packing type Multi-dose vial
The amount of vaccine in one vial (6) potions
Dose 0.3 ml

Single dose packing size 1.8cm?3
Pharmaceutical form frozen liquid

Solvent type

The vial is damaged 6 hours after opening it or at the end of
the vaccination session

Solvent type

9% Sodium Chloride solution

The amount of solvent required for each dose

1.8ml

Vaccine Vial Monitor VVM

Nothing

Open hottle policy

The vial is damaged 6 hours after opening it or at the end of
the vaccination session

Effectiveness

95 %

Expiry

a- 6 months from 60 to 80 degrees Celsius

b- Five days at +2 to + 8 degrees Celsius

c- 6 hours after thawing at the time of the vaccination
session

light sensitivity

Photosensitive

side effects

* Very common side effects include headaches, joint and
muscle pain, mild pain and swelling at the injection site,
fever (especially after the second dose), and so on. All of
these symptoms usually go away in a few hours or with the
help of basic analgesics.

» Common signs and symptoms include injection site
redness and nausea.

» Uncommon symptoms include enlarged lymph nodes,
sleeplessness, limb pain, overall weakness, and injection
site itching.

* Bell's palsy is a rare condition characterized by numbness
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and weakness in one side of the face's muscles.
* Severe allergy symptoms that go undiagnosed; ¢
Anaphylactic shock.

Table 5: The (Approximate) Number Of Targets In Maysan Governorate

Target group (approximate)

population | Governorate name
The total | Elderly people | risk groups | security forces | Health personnel

271935 175635 35000 50000 11300 1171802 Maysan

7. The Questionnaire

A questionnaire about the emerging coronavirus (COVID-19) vaccine in lIraq, Maysan

Governorate was conducted. It included two surveys, as follows:

7.1. A sample survey of people who had taken the COVID-19 vaccine
A sample survey of people who had taken the COVID-19 vaccine is presented in this section.

The questionnaire included 60 people (Figurel), and the questionnaire appeared as follows:

1-What type of vaccine did you receive?

a) AstraZeneca 20% b) Sinopharm 40% c) Pfizer-BioNTech 40%
2- Were you afraid when you took the vaccine?

a) Yes 10% b) No 70% c) Some what 20%

3- Do you have the social media to get the vaccine?

a) Yes 100% b) No 0% c) somewhat 0%

4- Were you forced by virtue of your work to take the vaccine?

a) Yes, 5% b) No, 80% c) Somewhat 15%

5-What were the reasons that prompted you to take the vaccine (if you were not forced to
take it)?

a) In response to the recommendations of the World Health Organization 10%

b) to the severity of your workplace 30% c) Self-desire 60%

6- Do you advise others to take the vaccine?

a) Yes, 95% b) No 0% c) Somewhat 5%

7- Are you satisfied with how the health staff dealt with you while you were vaccinated?
a) Yes,95% b) No 0% c) Somewhat 5%

8- Do you have chronic diseases?

a) Yes, 25% b) No, 75%

9- Are you already infected?
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a) Yes, 60% b) No, 30% c) Contact 10%

10- Did you contract the virus (Corona) after taking the vaccine?
a) Yes 0% b) No 100%
11- Have you made sure to educate others about the need to receive the vaccine?
a) Yes, 95% b) No 0% ¢) Kind of 5%
12- After you took the vaccine, did you return to your daily life as before?
a) Yes, 80% b) No 5% c) Somewhat 15%
13- What kind of vaccines would you advise others to choose when vaccinating?
a) AstraZeneca 20% b) Sinopharm 25%  c) Pfizer-BioNTech 55%
14- Did you have any side effects after taking the vaccine?
a) Yes, 30% b) No 45% c) Somewhat 25%
15- Did you take the second dose of the vaccine?
a) Yes, 75% b) No 25%

By using the SPSS program, the possible measurements of central tendency and measures
of dispersion for this questionnaire were found and explained:

Table 6: SPSS program

a
Statistics
S-vvhal wers T A you
tha reaseons satisfiod with
mat prompted how the
4- YWere you ¥Oou 10 take healih statt
2- Do you 3- Do you forced by the vaccine (If &-Do you dealt with you
A-lWhat type of | fear when you have social wirtue of your wou waere nat advise othars wihile you B-Do you
vaceine did tahe the contact with to work (o lake forced fo take o takes the wers have chronic
you recaiva® vaccing? do what? tha vaccing? ity vaccing vaccinatad? dizseasas?
n valid 60 60 60 60 B0 B0 B0 60
Mizsing o o o o o o o o
Mean 220 210 1.00 210 2,50 110 110 1.75
St Error of Mean 087 o070 000 057 087 057 .O57 056
Median 200 200 1.00 oo .00 1.00 1.00 200
Mads b ol 2 1 2 3 1 1 2
Stel Deviation 7ES 43 ooo 440 876 440 440 437
Wariance 1.1 295 ooo 193 458 183 Ja92 BEL
Shewness -.352 ois 520 -1.019 4.236 4.236 -1.185
Std Error of Skawness 309 309 309 309 300 300 306 09
Kurtasis 1.148 436 2019 135 16.404 16.404 B1G
St Error of Hurtosis Eoa ©08 G0 G608 GoE -6oa -6oB .og
Rangs 2 2 o 2 2 2 2 1
Minimum 1 1 1 1 1 1 1 1
Maximum 3 2 1 3 - | 3 | 2
Sum 132 126 a0 126 150 BG 86 105
Fercentiles 10 1.00 1.10 1.00 200 1.10 1.00 1.00 1.00
20 120 200 100 200 200 1.00 1.00 1.00
35 200 200 1.00 200 200 1.00 1.00 1.6
30 200 200 1.00 200 2.00 1.00 1.00 2.00
40 200 200 1.00 zoo0 2.40 1.00 1.00 2.00
50 200 200 100 2oo 3.00 1.00 1.00 100
(1] 2680 200 100 200 3iao 1.00 1.00 200
70 .00 200 1.00 200 .00 1.00 1.00 2.00
75 300 200 100 200 .00 1.00 1.00 2.00
80 300 280 100 200 300 1.00 1.00 2.00
80 3 00 300 100 300 3.00 1.00 1.00 2.00
a. Mulliple modes exist. The smallest value s shown
b
Statistics
T1-Have you T3-what kind
10-Did you madea sure to 12-Atteryou ofvaccines
contract the educate took the wolld you 14-01d you
virus others about vacecing, did advise others have any side 15-01d you
9-Are you (Corana) after the needio you return to to choose effects aftar take the
already taking the receive the your dally life when taking the second dose
Infected vaccing vaccine as befors vaccinating vaceing? ofthe vaccine
& alid 60 60 60 60 60 60 60
Missing o a o o o o o
Mean 1.50 2.00 110 1.35 235 1.95 1.25
Std. Error of Mean 087 .ooo 057 .oas 103 096 056
e | M clian 1.00 2.00 1.00 1.00 3.00 2.00 1.00 —
Mode 1 2 1 1 3 2 1
\/\ Std. Daviation EYE .ooo 440 732 Fag 746 437
“ariance 458 .oon a3 536 Wijcl-} 557 1o
Skewness 1.018 4.236 1.749 - 726 .08z 1.185
—| 5td. Error of Skewness 309 .304 e]ul) 309 309 309 309 —_—
Kurtosis -.135 16.494 1.2732 -1.040 -1.168 -.619
Std. Error of Kurtosis .Goa GO Goa .Goa .Goa .Goa 608
Range 2 o 2 2 2 2 1
Minimum 1 2 1 1 1 1 1
Maximum a 2 a 3 a a >
sum a0 120 BE 81 141 117 75
Percentiles 10 1.00 2.00 1.00 1.00 1.00 1.00 1.00
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Table 7:Questionnaire About Vaccines For The Emerging Coronavirus (COVID-19) In Irag, Maysan

Governorate,the possible measurements of central tendency and measures of dispersion for this questionnaire

Question1 Frequency Percent Valid Percent Cumulative Percent
AstraZeneca 12 20.0 20.0 20.0
= Sinopharm 24 40.0 40.0 60.0
s Pfizer-BioNTech 24 40.0 40.0 100.0
Total 60 100.0 100.0
Question2 Frequency Percent Valid Percent Cumulative Percent
Yes 6 10.0 10.0 10.0
= No 42 70.0 70.0 80.0
s Somewhat 12 20.0 20.0 100.0
Total 60 100.0 100.0
Question3 Frequency Percent Valid Percent Cumulative Percent
>3 Yes 60 100.0 100.0 100.0
Question4 Frequency Percent Valid Percent Cumulative Percent
Yes 3 5.0 5.0 5.0
= No 48 80.0 80.0 85.0
s Somewhat 9 15.0 15.0 100.0
Total 60 100.0 100.0
Question5 Frequency Percent Valid Percent Cumulative Percent
In response to the
recommendations of the World 6 10.0 10.0 10.0
° Health Organization
§ to the severity of your workplace 18 30.0 30.0 40.0
Self-desire 36 60.0 60.0 100.0
Total 60 100.0 100.0
Question6 Frequency Percent Valid Percent Cumulative Percent
= Yes 57 95.0 95.0 95.0
= Somewhat 3 5.0 5.0 100.0
> Total 60 100.0 100.0
Question7 Frequency Percent Valid Percent Cumulative Percent
= Yes 57 95.0 95.0 95.0
= No 3 5.0 5.0 100.0
> Total 60 100.0 100.0
Question8 Frequency Percent Valid Percent Cumulative Percent
- Yes 15 25.0 25.0 25.0
};; No 45 75.0 75.0 100.0
Total 60 100.0 100.0
Question9 Frequency Percent Valid Percent Cumulative Percent
Yes 36 60.0 60.0 60.0
= No 18 30.0 30.0 90.0
s Contact 6 10.0 10.0 100.0
Total 60 100.0 100.0
Question10 Frequency Percent Valid Percent Cumulative Percent
> No 60 100.0 100.0 100.0
Question11 Frequency Percent Valid Percent Cumulative Percent
= yes 57 95.0 95.0 95.0
§ Kind of 3 5.0 5.0 100.0
Total 60 100.0 100.0
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Question12 Frequency Percent Valid Percent Cumulative Percent
Yes 48 80.0 80.0 80.0
= No 3 5.0 5.0 85.0
s Somewhat 9 15.0 15.0 100.0
Total 60 100.0 100.0
Question13 Frequency Percent Valid Percent Cumulative Percent
AstraZeneca 12 20.0 20.0 20.0
= Sinopharm 15 25.0 25.0 45.0
s Pfizer-BioNTech 33 55.0 55.0 100.0
Total 60 100.0 100.0
Question14 Frequency Percent Valid Percent Cumulative Percent
Yes 18 30.0 30.0 30.0
= No 27 45.0 45.0 75.0
s Somewhat 15 25.0 25.0 100.0
Total 60 100.0 100.0
Question15 Frequency Percent Valid Percent Cumulative Percent
- Yes 45 75.0 75.0 75.0
§ No 15 25.0 25.0 100.0
Total 60 100.0 100.0

QUESTIONNAIRE ABOUT COVID-19 VACCINES
ma ®mb c
120
100 100
100 95 95 95
80 I 80
80 75 ] 75
70 I
I 60 I 60
60 | 1 i | | 55
45
4040
40 B
I 30 30 30
25 25 25 25
20 20 I I 20. I I
20 15 I 15 |
I 10 10 10 I
5 5 5
| 00 . | 0 0 0 0 -
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ma 20 10 100 5 10 95 95 25 60 0 95 80 20 30 75
"b 40 70 0 80 30 0 0 75 30 100 0 5 25 45 25
c 40 20 0 15 60 5 5 10 5 15 55 25

Figure 1: A Questionnaire About Vaccines For The Emerging Coronavirus (COVID-19) In Iraq,
Maysan Governorate

7.2 A survey about the acceptance of the local community

A survey about the acceptance of the local community represented in Maysan Governorate
was conducted to obtain the emerging coronavirus (COVID-19) vaccine in the event that the
vaccine spreads more widely in the coming months. The questionnaire included 1666 people
divided into three age groups

* The first is between 20 — 35 years old

* The second is between 36 — 60 years old
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* The third is over 60 years old

The results of the questionnaire Figure 2 were as follows:

1) If a vaccine against the emerging coronavirus (COVID-19) was available, would you
take it?

a) Yes, 27% b) No 41% c) I don't know 32%
2) Do you think taking the vaccine is necessary?

a) Yes,2% b) No, 31% c) Somewhat 37%
3) Does taking the vaccine help you practice your daily life as before?

a) Yes, 26% b) No 39% c) Somewhat 35%
4) Are there any members of your family who received the vaccine?

a) Yes, 17% b) No 83%
5) Do you have concerns about receiving the vaccine?

a. Yes, 71% b) No 13% c) Somewhat 16%
6) Many vaccines are currently being circulated around the world. Do you find that the
quality of the vaccine will be a reason to obtain it?

a) Yes, 42% b) No 21% c) Somewhat 37%
7) Do you agree or disagree with the following statement: “I will get the vaccine if I have
enough information about its effectiveness, composition, safety, and side effects”?

a. Yes, 71% b) No 14% b)Somewhat 15%
8) Do you agree or disagree with the following statement: “I will get the vaccine if the
majority of the public takes it”?

a. Yes, 26% b) No 51% c) Somewhat 23%
9) Did you make sure to educate others about the need to receive the vaccine?

a. Yes, 26% b) No, 57% c) Somewhat 17%
10) What are the categories that should be vaccinated as a priority if the COVID-19
vaccine is available?

a) Medical personnel 44%
b) Education cadres (professors, teachers, and educators) 13%
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c) The elderly or those with chronic diseases 43%
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Figure 2: A questionnaire about the emerging coronavirus (Covid-19) vaccine in Irag, Maysan

Governorate

8. Conclusions:

In light of the results of the research, the following can be concluded:

1- The most received vaccine is Pfizer-BioNTech, and Sinopharm by 40%.

2- The largest percentage of those who received the vaccine did not have any fear when

they took the vaccine.

3-Most of those who received the vaccine were not forced to do so.

4- 939% of those who took the vaccine advise others to take the vaccine.

5- There is a high level of satisfaction with the performance of the medical staff in the

governorate.

6- All those who received the vaccine were not infected after taking the vaccine.

9. Recommendations:

In light of the results and conclusions reached by the researcher, the following

recommendations are set:

1- The need to receive one of the vaccines approved by the World Health Organization.

2- Educating the community and disseminating information to ensure that they

understand the symptoms and the benefits of receiving the vaccine.
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3- Develop counseling programs based on psychological methods that reduce

community fears.
10. Future work:

Complementing the findings of the current research, the researchers suggest the following:
1- Conducting broader studies on vaccines (AstraZeneca vaccine, Sinopharm vaccine,
Pfizer-BioNTech vaccine) in a way that shows the community more information about
these vaccines.

2- Conducting studies that include questionnaires on samples in different countries of

those who have taken the vaccine and presenting the results to reliable sources.
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Abstract:

A Tc-99m thyroid scanning is one of the most common diagnostic modalities in nuclear
medicine for the evaluation of various thyroid dysfunctions and anomalies. Therefore, this
review study will delve into the various dimensions related to patient exposure during Tc-99m
thyroid scanning. Various subjects are covered, such as radiation risks from the procedure,
methods for reducing patient exposures, imaging technology developments, and the importance
of an effective radiation safety program. In this review, some new developments in and possible
ways toward better safety for the patient and diagnostic accuracy of the thyroid imaging

methods are also discussed.

Keywords: Technetium-99m, Radioactive Isotope, Thyroid, Radiation Exposure, Scanning

Protocols.

(Immediately after the abstract, provide 5-7 keywords and arrange them alphabetically, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, ‘and’, ‘of’). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible. These keywords will be used for indexing purposes).

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

e

51



https://doi.org/10.32441/kjps.09.01.p4
https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
https://isnra.net/index.php/kjps
mailto:Shlair-mohammed@uokirkuk.edu.iq
mailto:Shlair-mohammed@uokirkuk.edu.iq
https://orcid.org/0009-0000-3065-015X
https://doi.org/10.32441/kjps.09.01.p4
http://creativecommons.org/licenses/by/4.0/

Mohammed SI. / Al-Kitab Journal for Pure Sciences (2025); 9(1):51-67.

24 4l B8 () el ge 5 pandidd 8 49 m-p sl dadial) SUATY aladi
L;\JA

dalud g b (b 2SS Arala (3l

Shlair-mohammed@uokirkuk.edu.ig

JdaDAl

Ak 5 ol A2 Y) Aaild ApandldS A0 (TC-99m) 99m-p siuiSilly 48 Hall 5aal) e 22y ¢(g 5 5il) Qlall 8
oand Clilee oLl iy yall (e Al JSLEAD (8 038 dra) el Al 5o Can 33LEN VAl ppas 5 48 5al) 3a))
o skl 5 ¢ lalaall dgd (1 pa3 QS5 (§ 5k s ol Yl 1agd Ao lalY) HhlAA (axy 585 TC-99m A8l saxd)
< jlusall 5 Baaall el phail) Wl A jall 8 5 A 58l) dpe e Y) AaDlal) 0¥ S 55 50 dpanl 5 o gaaril) L 5l 55
Lol A8y g oa yal) Al Cppeenil 368 5l 5asd) 0 peat (5 el Aldiall

C_m.d\ Y oS g g g Gal ‘&MM Ua il M,)B_)J]\ sardl dadiiall JJLL.\S\ ¢m1 ‘1_6‘,.\&:\.\5.\5\ ;3,,\;135.43\ Salalsly

1. Introduction:

The thyroid is a relatively large endocrine organ in the body that plays a very important role
in body growth, metabolism, and maturation [1, 2], the thyroid gland regulates numerous
biological processes by constantly releasing many thyroid hormones into the bloodstream. When
awoman is pregnant, when it's chilly outside, or when her body requires more energyi, it releases
more hormones [3]. This organ produces two hormones: triiodothyronine (T3) and thyroxin (T4)
[4, 5, 6]. There are several stages to thyroid disorders, from early to late stages. Individuals
suffering from thyroid diseases are classified as having either "hypothyroidism" (low T4 levels)
or "hyperthyroidism" (high T4 or T3 and low TSH) based on the function parameters [7, 8].
Hypothyroidism is regarded as one of the most prevalent illnesses in endocrine therapy [9], it
refers to a reduction in thyroid hormone [10, 11]. Hypothyroidism symptoms include weariness,
muscle swelling or cramping, loss of balance, weight gain, hair loss, and cold intolerance.
Ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI) are three
common imaging modalities used to diagnose thyroid problems. Ultrasound is the first-line
imaging modality because it is good at evaluating thyroid nodules and determining their features,
such as size and content, which can signal malignancy risk [12]. CT scans are highly effective

for determining the severity of thyroid illness, particularly in cases of suspected malignancy or
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when evaluating adjacent structures [13]. While MRI is less widely used than ultrasound and

CT, it can produce comprehensive images of the thyroid and adjacent tissues, making it useful
in certain clinical settings, such as assessing big goiters or invasive thyroid malignancies [14].
Besides that, nuclear medicine methods that include thyroid scintigraphy are used to assess
thyroid function and detect hyperfunctioning nodules [15].

Other than medical applications, radioactive isotopes are used in countless other applications
within soil science, wastewater treatment, and industry. In the medical profession, lasers abound
in therapeutic procedures as external radiation sources, and injections are performed for
hyperthyroidism and malignancies [16, 17]. Thyroid scanning by technetium-99m radioactive

isotope is now a very common diagnostics technique of nuclear medicine [18].

Patient exposure in such scans should be kept in mind for potential risks and precautions
[19]. One major precaution to be taken needs to find the right quantity and potential radio
isotopic nature which can be used in a human body safely. It can be calculated by giving an
appropriate dose to a particular individual according to their body weight and medical history.
The whole-body doses that reach the patient make it necessary to use lead or lead glass shields
when performing the procedure. Besides, it is important to inform the patient beforehand and
get their consent before proceeding with the thyroid scan. Such a consent form should point at
the advantages a given process has on the health of the subject, the potential risk of radiation
exposure, and alternative measures. In general, the technetium-99m radioactive isotope scans of
the thyroid are of great importance for diagnostic purposes in the field of nuclear medicine.
Adequate precautions should be taken and informed consent by the patient is to be ensured for
patient safety [18]. On every occasion during the use of radioisotopes, some precautions should
be taken to ensure the safety of the scientist [20]. Some of the considerations, relative to isotopes
used most frequently in biological research, include proper shielding and protective gear, proper
safe-handling procedures, and reduction of manual handling procedures of the radioisotopes
[21]. Furthermore, it becomes essential to ensure regular radiation level monitoring within the
laboratories alongside very strict procedures on storage and disposal of radioactive materials
with a view of reducing the possible risks of exposure to healthcare workers and patients. The
last year marked the beginning of a period with computer technology advances in the actual
development of imaging techniques without using ionizing radiation. These techniques, applied
in the diagnoses, are costly conventional procedures but are also rich sources of functional and

morphological information. Informed consent from the patients should be routinely obtained
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prior to any radiography procedure, including thyroid scanning with technetium-99m

radioactive isotope [18]. Imaging of thyroid nodules remains important in the evaluation of

thyroid scintigraphy because it helps in determining benign from malignant lesions [22, 23].

Initial results for the use of 99mTc in thyroid scintigraphy following inconclusive results of
the exact-needle biopsy, especially ultrasound EU-TIRADS, are highly promising [24].
Consecutive pertechnetate- and MIBI scans have also been described as useful methods to
display hypofunctional thyroid tissue and, therefore, allow the diagnosis of dystopic tissue or
metastases [25]. Establishing diagnostic reference levels for thyroid scans with 99mTc is a step
required for the optimization of nuclear medicine investigations in connection with the radiation
safety requirements [26]. Thyroid scintigraphy can be helpful in providing information in
difficult cases. The results show that it makes a significant contribution to the thyroid nodule
detection process. Radiation dose rates were recorded at different distances after treatment with

Technetium (Tc-99m) for thyroid scintigraphy.

The present article intends to provide an overview of the application of Technetium (Tc-
99m) in thyroid scans looking into the risks of radiation exposure methods, for improving
scanning processes and new developments, in thyroid imaging technology. Through discussing
these points the review aims to support the endeavors to improve the safety and efficiency of

Tc 99m related thyroid imaging tests.

2. Material and methods:

2.1. Role of Technetium-99m for thyroid scintigraphy: One of the two elements lacking
stable isotopes with an atomic number less than 83 is technetium. 99Tc was found in a sample
in 1937 by Perrier and Segreé using the Berkeley Radiation Laboratory's 37-inch cyclotron to
blast a Mo sample with deuterons [27]. They questioned Lawrence, who in 1929 created the
cyclotron [28], to make the bombardment. Segré and Seaborg found the 99Tc¢ metastable state
in 1938 [29]. Technetium (Tc-99m) is, due to its concentrating nature in the thyroid, an
important isotope for diagnosing thyroid disorders [30, 31]. It has a significant contribution to
many diagnostic tests for thyroid diseases with benefits over other imaging modalities [30].
Technetium-99m is unique in nuclear medicine due to the versatility of applications and its
most favored properties. This has been recently obtained from a 99Mo/99mTc generator,
which offers easy accessibility of the isotope to medical applications [32]. The 99mTc being

employed decays by gamma emission and has a physical six-hour half-life, and is thus perfect
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for soft tissue imaging like the thyroid and brain and bones [33]. Its electron configuration

makes it apt for the formation of complexes with various ligands, helping materialize the
concept of mainly targeting imaging and therapy at different parts of the body through SPECT
[34]. Moreover, 99mTc has been utilized in examinations of pediatric nuclear medicine with a
high rate of residual radioactivity; it is hence quite vital in the diagnosis of many ailments in
children [35]. In summary, the ability to produce 99mTc, its property for imaging, and the
eventual residual behavior have collectively made the radionuclide an important substance in

nuclear medicine applications.

Tc-99m pertechnetate thyroid scintigraphy is very useful in assessing thyroid function and
estimating thyroid uptake percentage as well as for the diagnosis of hyperthyroidism and
hypothyroidism [36, 37]. The Tc-99m scan is indicated for the diagnosis of congenital
hypothyroidism and the differentiation of agenesis from thyroid versus reduced uptake. The Tc-
99m pertechnetate scintigraphy is also useful for the diagnosis of cold nodules of the thyroid,

which determines the possibility of malignancy and aids in treatment decisions.

Of the isotopes in use in medicine, technetium-99m occupies a very special niche in nuclear
medicine diagnosis, whose metastable isotope is greatly utilized. On the other hand, 99mTc
finds wide applications for all types of diagnostic procedures, including SPECT imaging, which
it has made a workhorse compared to other isotopes [32-34]. Also, new ways of implementing
nanodiamonds as 99mTc carriers have been investigated, showing the versatility of this
radionuclide and an expectation of further development in medical diagnostics [35]. What has
made the isotope 99mTc special for nuclear medicine, compared with other isotopes applied
for similar purposes in diagnosis, is the good storage properties of Tc-99m and its use in clinical

routines, in addition to the specific features of 99mTc.

Scanning with Tc-99m in nuclear medicine is an important tool that allows for the
noninvasive assessment of thyroid morphology, function, and pathology [38]. Gamma radiation
emissions combined with excellent imaging characteristics make Tc-99m thyroid scanning
useful in the management and diagnosis of various thyroid disorders [39]. Common indications
for Tc-99m thyroid scanning include assessing thyroid- nodules and evaluating thyroid function
in hyperthyroidism and hypothyroidism, other than detecting the relapse of thyroid cancer after
treatment [40]. Techniques like the Tc-99m MIBI scintigraphy can, therefore, clearly

discriminate thyroid from parathyroid tissue. This feature makes the diagnosis more accurate

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

55



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Mohammed SI. / Al-Kitab Journal for Pure Sciences (2025); 9(1):51-67.
e —

[41]. Secondly, Tc-99m thyroid uptake is a good alternative to radioiodine in thyrotoxicosis,

where it provides an accurate diagnosis for many thyroid diseases [42].

However, on the downside, despite being diagnostic, Tc-99m thyroid scanning involves
radiation exposure and its associated health Hazards. Although the radiation doses for thyroid
scans are generally relatively low compared with other nuclear medicine examinations,
meticulous concerns for radiation safety principles that directly contribute to the reduction of
patient radiation exposure and reduction of risks associated with it become paramount. This
paper reviews the dosimetry of Tc-99m thyroid scanning, comparative radiation doses from
other imaging modalities for the diagnosis of similar pathologies, and strategies for the
optimization of imaging protocols to achieve diagnostic efficacy at the lowest possible radiation
exposures, Pertechnetate Tc99m is a radiopharmaceutical that finds utilization in diagnosing
thyroid diseases primarily due to its sodium iodide symporter (NIS) facilitated uptake
mechanism [43]. This glycoprotein aids the transportation of iodide ions into the thyroid
follicular cells through active means which allows for a concentration of Tc99m within the
thyroid gland thus enabling visualization using gamma cameras or single photon emission
tomography (SPECT) imaging techniques [44]. In this process, localization of the
radiopharmaceutical as well as biodistribution can be confirmed by demonstrating where NIS-
expressing tissues such as salivary glands and thyroid are located [44]. Additionally,
mechanisms underlying the action of thyroid hormones should be understood since they inform
the interpretation of imaging findings and clinical implications of thyroid disorders [45]. By
leveraging machine learning models in the classification of thyroid diseases, diagnostic
accuracy is further improved especially with challenges related to data imbalance and model
interpretability [43]. Altogether, Tc99m-pertechnetate is an essential tool for the diagnosis of
various types of thyroid conditions characterized by efficient imaging obtained from its specific
uptake mechanism

2.2. Radiation Exposure Risks: Radiation dangers have become an issue with the growing
usage of computed tomography (CT) scans in the medical industry [46]. Radiation dose levels
— even low ones — through ionizing radiation can lead to cancer development risk increase
especially in pediatric patients because their developing tissues and organs are increasingly
radiation-sensitive. Maximizing diagnostic value while minimizing harm is dependent on a
keen consideration of radiation dosimetry, as well as the implementation of strategies for
imaging protocol optimization. While the use of Tc-99m for thyroid imaging is an established

diagnostic modality, it's important that one knows the associated radiation doses so one can be
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able to compare them with alternative imaging techniques: The effective doses typically

delivered by Tc-99m thyroid scans range from 1-5 mSv which generally is lower than other
nuclear medicine procedures like radioiodine thyroid uptake studies [47]. However, the amount
of radiation from repeat Tc-99m thyroid scans can add up: in cases where multiple scans are
done or when other imaging modalities are used along with it, especially in children. Among
the Tc-99m thyroid technique, especially with 99mTc-MIBI, it seems to have an edge over the
others in risk assessment and diagnostic accuracy. A major multicenter study recorded that
99mTc-MIBI imaging had a high negative predictive value—sensitivity of 96% for excluding
malignancy in hyperfunctioning thyroid nodules—but poor specificity, 21%, because of
frequent false positives, hence requiring careful pre-test selection of nodules [48]. In contrast,
99mTec scintigraphy showed better accuracy in diagnosing Graves' disease compared to thyroid
ultrasonography with a sensitivity of 96.1% versus 23.5%, respectively, for ultrasound [49].
Additionally, the gamma camera measurement of 99mTc pertechnetate uptake showed better
diagnostic accuracy than that of the gamma probe method with a sensitivity of 93.4% and
specificity of 94.8% [50]. These results indicate that, although the Tc-99m techniques seem to
have some limitations in terms of specificity, their high sensitivity and diagnostic accuracy
render them, when taken together, good tools for thyroid assessment, particularly for the
differential diagnosis among thyroid diseases. Tc-99m thyroid technique provide an advantages
many grounds when compared with the traditional techniques, more specifically 1-131. First,
Tc-99m pertechnetate presents better image quality due to its low radiation dose of about 10,000
times less compared to that of 1-131, and at the same time, it emits no beta radiation, reducing
exposure to the patient. Besides, Tc-99m has a rather short half-life time and a biological
retention time, allowing faster procedures and less discomfort to the patient. This technique is
also relatively inexpensive and very accessible, hence its availability for clinical use [51].
Besides, the Tc-99m scintigraphy can even differentiate between amiodarone-induced
thyrotoxicosis types of thyroid disorders, which helps in appropriate diagnosis and treatment
planning [52]. On the whole, these factors create an increasing preference for the use of Tc-

99m in thyroid imaging, hence making it a very valuable tool in clinical practice [51, 52].

2.3. Optimizing Protocols for Tc-99m Thyroid Scanning: Several techniques can be used to
reduce radiation exposure during Tc-99m thyroid scanning. Patient selection and justification
for imaging should be Entailed primarily. Where Tc-99m thyroid scanning is indicated,

optimization of the scanning protocol by altering parameters such as administered radiotracer
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activity, imaging time, collimator selection, etc., should be done. [47, 53]. In addition, it can be

seen that new modalities of imaging, in particular, SPECT and combined SPECT/CT, are
capable of providing better diagnostic information while presumably keeping at the lowest level
the radiation doses applied compared to conventional planar imaging [54]. Patient factors,
especially age- and body habitus-dependent variables, are another strong determinant of clinical
indications that may also guide protocol optimization. In particular, pediatric patients require
special consideration since they are more radiosensitive and could benefit from additional
procedures in terms of dose reduction, such as low-dose CT for hybrid imaging modalities'
attenuation correction [47, 53].

2.4. Emerging Trends in Thyroid Imaging Technology: Investigation, in the domain of
nuclear medicine imaging, is currently focused on enhancing the safety and effectiveness of
thyroid scans utilizing Tc- 99m. Technetium 99m plays a role in nuclear medicine especially
for thyroid imaging [55]. Scientists are exploring imaging techniques like Computed
Tomography (CT) combined with Single-Photon Emission Computed Tomography (SPECT)
to improve the accuracy and specificity of thyroid scans [56, 57]. Additionally, studies are being
conducted on radioisotopes and radiopharmaceuticals such as Thallium 199. Gallium 68, for
thyroid imaging, shows potential in diagnosing various conditions, including cancer [58, 59].
These developments aim to not only enhance the capabilities of nuclear medicine but also

prioritize patient safety and optimize treatment outcomes for thyroid-related disorders.

3. Results:

According to the literature review, there are a few studies that have looked into the patient
radiation exposure in Technetium-99m based thyroid scans. Several techniques were used by
these studies including phantom-based measurements, Monte Carlo simulations, and patient-
specific dose assessments to quantify radiation exposure to various organs as well as the

effective doses of patients.

Reported effective doses ranged between about 1-5 mSv from technetium-99m thyroid scans
and varied depending on factors like imaging protocol, patients’ characteristics and specific
radiopharmaceutical formulation used. In some cases, the organ-specific doses were calculated
with the thyroid gland experiencing relatively high radiation compared to other organs

examined.
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Some factors such as Technetium-99m administered activity, imaging protocol parameters

(for example acquisition time or number of views), body habitus of patients, and particular
radiopharmaceutical formulation were found during the review to affect patient radiation dose

during thyroid scans.

4. Discussion

This review has found that it is important for one to know how much radiation a patient gets
during a Technetium-99m based thyroid scan as shown in Figure 1, which gives a good and
clear image of the thyroid with different doses [60]. Although the diagnostic benefits of these

scans are well known, health risks associated with radiation exposure cannot be ignored.

A ‘ ‘ B ?f'

. e

Nodule

Wi - o

Figure 1: 99mTc-MIBI Thyroid scan. A&B A single chilly thyroid nodule in the right lobe that was histologically identified
as non-oncocytic solid/trabecular poorly differentiated carcinoma is a representative positive case (RI, 71.76). (A) An early
image shows tracer buildup in a nodule (ER, 2.62). (B) Tracer retention in the lesion with delayed imaging (DR, 4.50). (C
& D) Representative nugatory case (RI, 240.64) A solitary chilly thyroid nodule in the left lobe was diagnosed as a micro
follicular goiter. (C) early picture with Tracer raised uptake in nodules (ER, 2.81). (D) A delayed picture with a complete
tracer fiasco from the nodule (DR = 1.67).

The reported effective dose range of 1-5 mSv is generally within the recommended limits
for medical imaging procedures. However, this does not account for cumulative radiation doses
from multiple diagnostic tests, especially in patients with chronic thyroid conditions and who

may require regular follow-up scans.

Efforts towards optimizing radiation protection should therefore emphasize establishing

appropriate imaging protocols, utilizing advanced imaging techniques (e.g., low-dose
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protocols), and taking into consideration patient-specific factors (e.g., body habitus) that can

minimize unnecessary irradiation.

Also, the review revealed that Technetium-99m administered activity, imaging protocol
parameters, patient body habitus, and specific radiopharmaceutical formulation were some of
the factors affecting patient’s radiation dose in thyroid scans. The present findings also highlight
proper dosimetry strategies as well as optimization of imaging protocols to guarantee patients’

safety during thyroid scans.

5. Recommendations

This requires health workers to maintain at least one meter's distance from the patient after
injection because of radiation safety reasons [61]. Finally, it was put into consideration that
members of the public should keep their distance from proximity to the patient for at least 3
hours after injection to avoid risks associated with radiation exposure [62]. These precautions
are therefore very important, with nuclear radiation being hazardous material in nature, and thus
any exposure should be reduced to ensure minimum medical effects on medic workers and
public protection from potential harm [63]. Safety distances and lengths of time should,
therefore, be observed both before and after injection to minimize risks related to exposure to

radiation of all persons involved or around nuclear medicines procedures.

6. Conclusions
This review explores Technetium-99m thyroid scans; and how much patients are exposed to
radiation from the procedure. The results show that nuclear medicine imaging must continue

being optimized as far as the protection and safety of patients against radiation are concerned.

The dose received during Tc-99m thyroid scanning should be evaluated carefully and
adjusted to achieve appropriate diagnostic efficacy and to minimize radiation exposure,
particularly in vulnerable populations like children. By implementing appropriate radiation
protection strategies, including justification of imaging, optimization of scanning protocols, and
the use of alternative modalities when feasible, healthcare providers can ensure the safe and

effective use of Tc-99m thyroid imaging.

It was established that the high sensitivity and diagnostic accuracy of the TC-99 m technique
makes it a good tool for thyroid assessment, particularly in the differential diagnosis of thyroid
diseases. When compared to traditional methods, including 1-131, the Tc-99m thyroid
P,
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technique offers several advantages. To begin with, better quality images are produced by Tc-

99m pertechnetate because its radiation dose is approximately 10,000 times less than that of I-
131 and it does not emit beta radiation; thus reducing patient exposure. Further still, Tc-99m
has a relatively short half-life time as well as a biological retention period such that procedures
can be done more quickly and comfortably for patients. The other reason why this procedure is
advantageous includes its low cost implying that it is affordable to many people and hence used
in clinical practice. Additionally, even the Tc-99m scintigraphy can differentiate between
amiodarone-induced thyrotoxicosis types of thyroid disorders which helps in appropriate
diagnosis and treatment planning. Therefore, an increasing preference towards using Tc-99m

for thyroid imaging due to these factors makes it a very important tool in clinical practice.
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Abstract:

Food is necessary for all living humans to survive. Numerous nutrients, including proteins,
lipids, carbs, vitamins, and minerals, are found in food. An organism consumes and breaks
down these nutrients to create energy needed to support development and preserve regular
bodily functions .

Food products can deteriorate due to microbiological, enzymatic, or chemical reactions to
their surroundings. Preservatives extend the expiration of food and are also inserted into food
goods to preserve quality; however, they may also have adverse side effects. Additionally,
safety concerns are increasing as the need for cosmetics for teenagers and adults worldwide
rises.

This review article's primary topic is the adverse effects of some specific preservatives
commonly used in food and cosmetics, such as [sodium benzoate, parabens, and sulfites], to

preserve or enhance their quality.

Keywords: Food preservation, Natural Preservatives, Chemical Preservatives, Nitrites and

Nitrates, Sodium Benzoate, Cosmetics preservatives, Paraben, Phenoxyethanol.
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1. Introduction:

The functional use of a broad range of substances that prevent or slow down bacterial and
enzymatic development in several products, such as meals, medications, and personal care
items, is called "preservatives." These materials may be artificial or natural. Preservatives are
essential in many kinds of stuff that people use daily because they help stop the growth of
hazardous germs and keep products from spoiling or being contaminated [1]. Preservatives are
added to prevent food from rotting due to germs, molds, fungus, and yeast. If preservatives are
added, food can have a longer shelf life and stay fresher for longer. Additionally, food
preservatives are employed to postpone rancidity and reduce or stop color, taste, or texture
changes [2]. Preservatives are often used in medicine and pharmaceuticals to help prevent
microbial contamination. Examples of these products include insulin, cough syrup, and
acetaminophen. In other words, preservatives play a crucial role in our safety by inhibiting the

growth of microorganisms, mainly bacteria, and fungi, that may cause disease or infection.
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Preservatives are not just limited to food; they are also present in cosmetics and personal

hygiene items. This versatile ingredient prevents contamination and the development of
dangerous germs in items like toothpaste, sunscreen, lotions, and shampoos. Moreover,
preservative-treated wood can be used in a wide range of construction projects, from raised
flower beds to road signs [3].

1- Food Preservatives

Before the creation of preservatives, food was kept fresh and stored in vessels like clay jars.
Food drying was a standard method of food preservation since most bacteria and fungi need
moisture to thrive. Foods such as meat, fruits, and vegetables were frequently dried to preserve
them. Salting is still used to protect various forms of meat, including fish and hams, as well as
jams and jellies, which are high-sugar solutions [4-6].

1.2. Classification of Preservatives: Preservatives are classified into:

1.2.1 Natural Preservatives: Food preservatives come from Nature, such as Salt, Sugar,
Vinegar, Spices, Honey, Edible Oil, etc. [7].

1.2.2. Chemical Preservatives: These food preservatives include benzoates, sorbates,
nitrates and nitrates, potassium sulfate, glutamates, glycerides, and synthetic or semi-synthetic.
There are three types of chemical preservatives: antimicrobial, antioxidant, and anti-enzymatic
[8].

1.2.2.A: Antimicrobials: For instance, nitrites and nitrates stop food poisoning caused by
bacteria in meat products [9]. Additionally, they can eradicate or stop the growth of mold, yeast,
and bacteria. Sulfur dioxide prevents the deterioration of wine, beer, and fruits. Antifungal
substances like benzoates and sorbates stop the growth of fungi and are used in cheese, pickles,
jams, and salad dressings [10].

1.2.2.B: Antioxidants: These inhibit or halt the process of fats and oils in food, breaking
down in the presence of air and leading to rancidity. There are three types of antioxidants:

(@) Synthetic Antioxidants: Butylated hydroxyanisole (BHA) and butylated hydroxytoluene
(BHT).
(b) Reducing Agents: Ascorbic Acid
(c) Antioxidants Synergists: Sodium Edetate [11].
1.2.2.C: Anti-Enzymatic Preservatives: These inhibit the enzymatic processes that cause

food items to ripen even after they are harvested. For example, erythorbic acid and citric acid
avert the action of the enzyme phenology and cause the exposed surface of sliced fruits to turn
brown [12]. Examples of these preservatives and their allowable quantities are provided in
Table 1.
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Table 1: Maximum Possible Limits of Preservatives and Food Products That Can Be Used [13]

. Max Possible Products Where They
Preservatives Class ..
Limit Are Found
Sodium And Potassium Pickles, Margarine, Fruit
Benzoate, Benzoic Antimicrobial 200ppm Juices, Jams, Cheese,
Acid Baked Goods, Snacks
Baked Goods,
Methyl And Propyl Antimicrobial 0.1% Beverages, Dressings,
Paraben ;
Relishes
Dairy Products, Bakery
Sorbic Acid, Sodium, Goods, Sweets, Syrups,
Potassium and Calcium | Antimicrobial 200ppm Fruit
Sorbates Juices, Jams, Jellies,
Beverages
Dry Fruits and Fruits,
Sulfites And Sulfur .. . Molasses, Fried or
Dioxide Antimicrobial 200-300ppm Frozen Potatoes, Shrimp
and Lobster
. . . 0 Bakery Products,
Propionates Antimicrobial 0.32% Cheese, Fruits

1.3. The Perfect Preservative Properties:

1. It ought not to cause irritation.

2. It ought not to be poisonous.

3. It must possess both chemical and physical stability.

4. The preservatives and other chemicals in the formulation should work well together.

5. It should have a broad range of action and function well as an antibacterial agent.

6. It must be strong enough to function as a preservative at low concentrations[13].
1.4. Dangers to Health Associated with Artificial Preservatives:

Although most artificial preservatives are thought to be harmless, a few have unfavorable
and perhaps fatal adverse effects, like:

1.4.1. Nitrites and Nitrates: Meat and other perishable goods are frequently cured using
nitrite and nitrate salts. In addition to helping to preserve food, they also impede the growth of
potentially dangerous germs, such as Clostridium botulinum, the bacterium that causes the
deadly botulism disease [9].

The component hemoglobin, which delivers oxygen from the blood to the body's tissues,
attaches to nitrate and changes chemically to become methemoglobin, which reduces oxygen
delivery to tissues and gives the skin its blue hue [14]. In adults, being subjected to greater
levels of nitrates or nitrites (Figure 1) has been linked to a more significant risk of cancer; in
children, some studies have suggested a rising risk of brain tumors, leukemia, and
nasopharyngeal cancers [15-22]. Methemoglobinemia, or decreased hemoglobin oxygenation,
has been linked to drinking water polluted with nitrate and nitrite. Because of the cyanotic (low

oxygen) symptoms that arise from this reduced oxygenation of the blood, it is often referred to

as the "blue baby syndrome [23].
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Figure 1: Nitrate and Nitrite structure [24]

Intrauterine development retardation was one of the additional health consequences that
resulted from exposing a fetus to high amounts of nitrates in drinking water [25, 26], cardiac
defects [27], and increased risk of nervous system defects. Research has also shown that
children exposed to nitrates may be at risk for additional health problems, including a higher
risk of childhood diabetes [28], recurrent respiratory tract infections, and diarrhea [29]. Brain
tumors, leukemia, and nasopharyngeal cancers in children and young people have also been
reported [19, 21] [30-34]. Additionally, another study found that drinking water containing
nitrates might induce non-Hodgkin's lymphoma (NHL) because nitrate consumption results in
the production of N-nitroso compounds, which are known to be carcinogenic after being
absorbed in the stomach [35].

1.4.2. Sodium Benzoate: Sodium Benzoate is used in food to stop dangerous bacteria,
yeasts, and molds from causing spoiling. Delaying or preventing alterations in food's color,
flavor, PH, and texture also contributes to preserving freshness [36].

Sodium benzoate is a common preservative that enhances flavor and lengthens shelf life in
various foods and beverages, including salad dressings, pickles, sauces, condiments, fruit
juices, wines, and soft drinks. In laboratory animals, it has also been connected to cancer. It has
been discovered that bottled tomato paste may be kept for up to 40 weeks without losing its
quality, thanks to the widely used sodium benzoate (Figure 2). However, when mixed with

vitamin C, it can produce the carcinogen benzene [37].

Figure (2): Sodium Benzoate structure[38]
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Research has been done on how preservatives containing sodium benzoate affect the

induction of micronuclei and chromosomal breakage. The lymphocyte cell line was treated with
sodium benzoate at doses 0f 0.5,1.0,1.5, and 2.0 mg/mL for 24 and 48 hours, respectively. PCR,
automated sequencing, conventional chromosome culture, and micronucleus tests were used to
find micronucleus and chromosomal breaks. The findings demonstrated that, compared to the
control group, micronucleus production was elevated at 24- and 48-hour incubation times at
sodium benzoate doses of 1.0, 1.5, and 2.0 mg/mL (P < 0.05). Sodium benzoate doses of 2.0
mg/mL at 24- and 48-hour incubation times enhanced chromosomal break compared to the
control group (P < 0.05). When micronuclei formed, and chromosomes broke in lymphocytes,
sodium benzoate exhibited mutagenic and cytotoxic effects [39].

Short-lived exposure to sodium benzoate can disturb the eyes, skin, and respiratory system;
however, repeated or sustained exposure can increase skin sensitivity [40]. High dosages can
lead to alterations in gastrointestinal mucus production, ulcers, and the release of prostaglandin
and histamine [41, 42]. Furthermore, research on soft drinks and fruit juices has shown that the
presence of metal catalysts during the reaction between ascorbic acid and benzoic acid produces
benzene [43].

Afshar et al. found that mice's fetal absorption rate was statistically significant at 280 and
560 mg sodium benzoate dosages. These doses also resulted in a decrease in the fetus's weight
and crown-rump length in contrast to the control group [44, 45]. Sohrabi et al. conducted a
study on mice in which they found that progesterone hormone at a dosage of 280 mg was lower
than in the control group and that sodium benzoate at a concentration of 560 mg/kg decreased
the weight of the ovaries and the hormones FSH and LH [46].

According to different research, mice's weight can be decreased by 200 mg/kg of sodium
benzoate; however, the mice's separated serum included greater amounts of urea, uric acid, and
creatinine. In a study involving rats and mice, Fujitani et al. located that at a concentration of
2.4%, the average weight of the rats decreased in comparison to the control group; at a
concentration of 2.4% weight gain in the liver and kidney occurred in the rats, and at a
concentration of 3%, the weight of the liver and kidney increased in comparison to the control
group in the mice [47]. Eber Chukwu et al.'s study of sodium benzoate's effects in rats showed
that it could reduce hemoglobin levels at all doses and the number of white blood cells at 60
and 120 mg/kg in comparison to the control group. As a result of this decline, the rats' WBCs
are more vulnerable to infection [48]. Ibekwe et al.'s study on sodium benzoate's effects on rats

showed that the drug might reduce hemoglobin at all doses and the number of white blood cells

at 60 and 120 mg/kg in comparison to the control group. The rats' WBCs are more vulnerable
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to infection due to this decline [49]. Yilmaz et al. examined how 200 and 500 pg/ml of benzoate

sodium affected human cell lymphocytes. At 500ug/mL, benzoic acid lowered the mitotic index
and raised the indices of chromosomal aberration (CA), sister chromatid exchanges (SCEs),
and micronucleus (MN) [50]. Other studies have observed that sodium benzoate could alter the
shape of lymphocytes and cause damage to the cell membrane when they examined lymph node
cells taken from mice that were given varying amounts of the chemical compared to control
cells. The negative effects of this chemical grow with higher concentrations and longer
exposure time [51, 52].

1.4.3. Sulfites, Sulfur Dioxide, and Sodium Metabisulfite: Broad-spectrum antimicrobials
that inhibit bacteria, yeasts, and molds include sulfites and sulfating agents, including sulfur
dioxide (SO2), sodium and potassium sulfite, metabisulphite, and bisulfites (Figure 3). It is
specifically used to stop malolactic fermentation during wine production. Sulfites are
preservatives for food and drink goods to avoid oxidation and bacterial growth. Sulfites are also
applied to keep fruits and vegetables that are canned, dried, frozen, and frozen from browning

enzymatically and nonenzymatically [53].
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Figure 3: Structures of Sulfite, Sulfur dioxide, and Sodium metabisulfite [S4]

The following goods are permitted to include SO2, sulfite, and metabisulfite according to
the Codex General Standard for Food Additives: Fruit products, fresh, frozen, fermented,
canned, and dried fruit; and dried vegetables; starches; precooked pasta; fish and some shellfish
products; sugar products; herbs and spices; vinegar varieties; mustards; sauces; cider, wines;
flavored water drinks; distilled spirituous drinks with a minimum 15% alcohol content; and
snacks. Depending on the product, the maximum concentration allowed might vary from 15 to
1000 ppm [55].

Although sulfite additions are widely used because they seem harmless, reports of negative
responses to sulfite exposure started to surface in the 1970s [S6, 57]. Most reports, however,
described the induction of bronchoconstriction in asthmatic patients. These comprised inducing

anaphylactic responses and various symptoms, including flushing, dermatitis, urticaria,
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diarrhea, hypotension, and stomach discomfort [58, 59]. Some people get mild to extremely

severe asthmatic symptoms when exposed to sulfite, whereas, for some people, these responses
can be fatal [60].

Til et al. investigated the sulfite toxicity in recently weaned Wistar rats. Six groups, each
with 20 males and 20 females, were created from the 120 males and 120 females. For up to two
years and three generations, the groups were kept on the stock diet that included 0.0 (control),
0.125, 0.25, 0.5, 1.0, or 2.0% sodium metabisulphite. In two generations of rats, a 2% sulfite
level somewhat slowed their development, but not significantly. There was blood in the stools
for the groups that received 1% or more sulfite. Pathological analysis showed that the three
generations had hyperplastic alterations in the epithelial and foregut with 2% and 1% sulfite
levels, respectively. A series of brief experiments involving 10 male and 10 female rats were
conducted on high sulfite levels (0—8%) for 10-56 days. Growth depression and substantial
food intake and efficiency decreases were seen in diets containing 6% sulfite. At 2% and above,
anemia was seen. Levels of 4% and above were associated with increased splenic weight. The
presence of blood in the stool and alterations in the shape of the stomach were the most sensitive
indicators of sulfite injury in the current investigations [59].

The same research group investigated the sub-chronic and chronic oral toxicity of sodium
metabisulphite. Twenty pigs, twenty females, and twenty males were fed diets containing 0.0,
0.125,0.25, 0.5, 1.0, or 2.0% Na2S205. Fourteen males and fourteen females from each group
were slain after fifteen weeks. For 48 weeks, the six male and six female survivors in each
group were fed identical meals. The average amounts of sulfite that remained in the different
experimental diets after the pigs ate them were determined to be 0.06, 0.16, 0.35, 0.83, and
1.72%, respectively. The liver, kidneys, heart, and spleen showed a substantial rise in organ-to-
body weight ratios when fed at dietary levels of 1.72% after 15 and 48 weeks and only at dietary
levels of 0.83% after 48 weeks. The study determined that 0.35% Na2S205 in the pigs' diet for
48 weeks was the no-effect threshold [61]. More recently, Kadi et al. assessed the sub-chronic
toxicity of sodium metabisulphite on 24 female Wistar rats that were split into four groups and
given different amounts of sodium metabisulphite (0.0, 0.25, 1, and 4%) in their drinking water
for 90 days. The 1% and 4% Na2S20S5 injections significantly affected body weight, food
intake, and water consumption. Biochemical markers such as calcium, urea, creatinine, uric
acid, and transaminases increased, but immunoglobulin levels decreased. Hematology showed
leukocytosis and a reduction in hemoglobin and red blood cells. They concluded that sub-
chronic Na2S205 1% and 4% ingestion in Wistar rats appeared to affect the immunological

function and biochemical, hematological, and physiological parameters [62].
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1.5 Can Food Preservatives Cause Hormone Disturbances in People and Encourage

Obesity?

According to a new study published in Nature Communications, Cedars-Sinai researchers
developed a unique platform and process for assessing the effects of chemicals known as
endocrine disruptors on humans. The preservatives under investigation in this study are
commonly accessible in modern society. Some products, such as cookware and carpeting,
contain a polymer called perfluorooctanoic acid (PFOA); paints contain a compound called
tributyltin (TBT), which can contaminate water and accumulate in seafood; and breakfast
cereals and other foods often contain an antioxidant called butylhydroxytoluene (BHT) to
preserve nutrients and prevent fats from going rancid. In mice genetically predisposed to the
condition, these alterations resulted in aberrant immune systems that led to chronic colitis. It is
exceedingly tough to shed weight due to obesity since this process slows down metabolism and
depletes the liver of energy. The mice developed weight gain and insulin resistance prediabetes
when they were subjected to the same quantity of propionate as humans normally ingest on a
long-term basis [63]. The research aimed to design human subject studies to test its hypothesis.
The researchers used tissues that generate hormones from human stem cells to reveal how long-
term use of these compounds can hinder the signals the digestive system delivers to the brain,
signaling when a person feels "full" after eating. People eat more when this signaling system
1sn't working correctly, which leads to weight gain. It was found that each of these preservatives
harmed hormones that connected the gut with the brain. When all three chemicals were
evaluated together, there was a significant amount of combined stress, with BHT having some
of the most potent negative impacts. While other scientists have appeared, these compounds
can hold up hormone systems in laboratory animals. This is the first research to document how
preservative-containing compounds may block hormones essential for gut-to-brain
transmission and avoid obesity in humans using human pluripotent stem cells and tissues. Used
the stem cells to grow human epithelial tissue, which lines the intestines, as well as neuronal
tissues of the hypothalamus area of the brain, which controls metabolism and hunger. Then,
tissues were exposed to BHT, PFOA, and TBT alone and in combination, and the researchers
watched to see how the cells responded. They found that the chemicals disrupt the networks
that allow signaling hormones to stay structurally intact and be transported outside of cells,
rendering them ineffective. Mitochondria were also damaged by the poisons. Because the
"young" cells that suffered the chemical harm were still in the early stages of development, the
findings suggest that a hormone system breakdown might affect the unborn child as well as the

pregnant woman [64].
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2. Cosmetics preservatives

Many people use lotions on their bodies and skin almost every day. The skin creams are
sometimes contained in little pots. We apply the cream with our fingers and don't always wash
our hands before applying the cream to our skin. As a result, bacteria from the hands enter the
cream pots. The creams frequently contain loads of water and are kept in warm bathrooms,
which creates ideal circumstances for the bacteria's fast microbial development within the pots.
For this reason, extra precautions need to be taken to prevent the cream from being damaged.
Nearly all body lotions and skin creams contain preservatives. Without preservatives, bacteria
would grow and multiply in the cream, eventually leading to skin issues or even dermatitis [65].
Because makeup products are nutrient-rich environments that promote the growth of
microorganisms, this impacts the effectiveness of the preservatives [66].

2.1 Stages of preservation

To supply cosmetic goods with adequate defense against microbiological pollution, the
industry offers:

2.1.1. Primary Preservation Strategy: GMPs must be rigorously followed when
manufacturing cosmetics. Cosmetics must be prepared in an absolutely aseptic manner to
prevent microbiological contamination. Ways to lower the risk of contamination are water
handling, microbiological domination of raw materials, tools disinfection, and staff
qualification [67, 68].

2.1.2. Secondary Preservation Strategy: In order to maintain the firm of cosmetics
throughout storage, transportation, and use, three fundamental methods have been utilized:
physical, chemical, and physicochemical preservation [69].

2.1.2.A. Secondary Preservation in Physical Terms: In order to maintain the firmness of
cosmetics throughout storage, transportation, and use, three fundamental methods have been
utilized: physical, chemical, and physicochemical preservation [69]. Primary packaging is used
to accomplish this sort of preservation in situations when a physical barrier is present to avoid
microbiological contamination [70]. The packaging can offer two layers of protection: one
versus pollution during use and another opposed to contamination building up in the
apportionment chain [71].

2.1.2.B. Physicochemical Secondary Preservation
» Water Activity. * Emulsion Form. « pH Control [72].

2.1.2.C. Chemical Secondary Preservation
* Synthetic Chemical Preservatives.

* Natural Chemical Preservatives.
e —
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* Multifunctional Ingredients [73].

The following is a list of preservative chemicals and their applications:

Table (2) Preservative cosmetics detected in the previous study [74-85]

Preservative detected

Products

2-phenoxyethanol
4-hydroxybenzoic acid
Benzalkonium

chloride Benzothiazolinone
Benzoic acid

Benzyl alcohol

Benzyl paraben

Bronopol

Butylated hydroxy anisole Butylated
hydroxy toluene Butyl paraben
Cetrimonium chloride
Chlorhexidinedigluconate
Chlorhexidine dihydrochloride
Chloroacetamide
Chlorphenesin

Dehydroacetic acid
Dimethylol dimethyl hydantoin
Ethyl benzoate

Ethylparaben

Formaldehyde

Formalin Formic acid

Glutaral

Imidazolidinyl urea
Iodopropynylbutylcarbamate
Glutaral

Imidazolidinyl urea
Iodopropynylbutylcarbamate
Isobutylparaben

Kathon CG

Methamine

Methyl chloroisothiazolinone
Methyldibromoglutaronitrile
Methylisothiazolinone
Methyloldimethylhydantoin
Methylparaben

Aftershave balms
Anti-stretch marks
cream Bath gel
Body care product
Body milk
Cosmetics

Creams

Deodorant

Eye drop

Face cream

Hair conditioners
Hand creams / gel
Hand soaps
Hygiene wash
Lanoline cream
Lipsticks

Liquid formulations
Liquid soaps
Lotions

Makeup
Moisturizing creams
Multi-purpose cleaners
Oil-based lotions
Ointments

Products for babies
Shampoos

Shower gel

Skin cream

Skin milk
Sun-related cosmetics
Toiletries
Washing-up liquids
Water-based lotions
Wet tissues

2.2 Hazardous Ingredients in Cosmetics:

Cosmetics with a high water content are susceptible to microbiological contamination,
which might change the product's composition or pose a health risk to the consumer. Pathogenic
bacteria frequently reside in contaminated cosmetics. To avoid contamination in bacteria like
(Staphylococcus aureus and Pseudomonas aeruginosa), manufacturers insert preservers into
cosmetic products [85]. Colorless, odorless, water-soluble, nonpoisonous, non-allergic, non-
irritating, influential across a broad pH range, and able to inhibit the growth of bacteria and
fungus—these qualities make the preservatives excellent for cosmetics [86]. As of right now,

no preservative meets all these requirements. Among the most widely used cosmetic
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preservatives in the last 20 years are parabens (methyl, propyl, butyl, and ethyl paraben),

formaldehyde, formaldehyde releasers, and methylchloroisothiazolinone
/methylisothiazolinone (MCI/MI) [87, 88]. Numerous recent investigations have determined
that preservatives are the most prevalent allergens in cosmetic contact [89, 90].

Three primary categories may be used to classify them: UV light absorbers, antioxidants,
and antimicrobials. Additional classifications of antimicrobial agents include formaldehyde-
releasers, non-formaldehyde-releasing preservatives, and formaldehyde preservatives.
Quaternium-15, 2-bromo-2-nitropropane-diol, imidazolidinyl urea, diazolidinyl urea, and
DMDM hydantoin are examples of formaldehyde-releasing preservatives (FRP). Preservatives
that don't release formaldehyde include parabens, methyl dibromo glutaronitrile-
phenoxyethanol (MDBGN-PE), methyl chloroisothiazolinone-methylisothiazolinone (MCI-
MI), and iodopropynyl butylcarbamate. Anyone with a formaldehyde allergy may also have an
allergy to any of the FRPs [91].

Human meibomian gland epithelial cells (HMGECs) have recently been found to be
particularly sensitive to the cosmetic preservative formaldehyde and benzalkonium chloride. At
doses permitted for human consumption, exposure to these substances causes cellular atrophy
and death in a matter of hours. We propose that additional cosmetic preservatives may
potentially have detrimental effects on HMGECs and that these effects are not exclusive to
them. Parabens, phenoxyethanol, and chlorphenesin are among these substances; studies have
shown that they irritate the eyes and are harmful to the kidney, liver, and corneal and
conjunctival epithelial cells[92]. This hypothesis was investigated to examine the effects of
phenoxyethanol, chlorphenesin, and parabens on the morphology, signaling, survival,
proliferation, and lipid expression of immortalized (I) HMGECs. These cells were cultured in
either proliferating or differentiating conditions for up to five days, with varying concentrations
of methylparaben, ethylparaben, phenoxyethanol, and chlorphenesin. The IHMGECs' capacity
to transmit signals, their quantity, appearance, neutral lipid content, and lysosome buildup were
observed. The results show that after being exposed to these preservatives for 30 minutes,
IHMGECs' Akt pathway activity significantly decreased. This dose-dependent activity is seen
at concentrations comparable to chlorphenesin and lower than all other doses approved for
human use. Furthermore, cellular atrophy and mortality occur when the IHMGECs are exposed
for a whole day to concentrations of methylparaben, ethylparaben, phenoxyethanol, and
chlorphenesin that are close to or equivalent to the recommended human dose. No preservative
did not increase IHMGEC proliferation at any of the tested doses. Of special note, because the

cells did not make it through the treatment, it was impossible to assess the impact of these
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preservatives, at doses almost equivalent to those permitted for humans, on IHMGEC

differentiation. In conclusion, the findings validate the theory and demonstrate the toxicity of
methylparaben, ethylparaben, phenoxyethanol, and chlorphenesin [93].

Frequently, cosmetic goods like mascara, eye shadow, eyeliner, and makeup remover usually include
preservatives (like Benzalkonium chloride BAK and formaldehyde-releasing preservatives FA) to stop
microorganisms from growing [94]. These preservatives were conjectured to harm the ocular surface
and adnexal cells at quantities (FA = 0.74 mg/ml; BAK = 1 mg/ml) authorized for consumer usage. Thus,
the effects of BAK and FA on the morphology, survival, proliferation, and signaling capacity of corneal
(iHCECs), conjunctival (iHConjECs), and meibomian gland (iHMGECs) were investigated. For a
maximum of seven days, iIHMGECs, iHCECs, and iHConjECs were grown in various BAK (5 pg/ml to
0.005 pg/ml) or FA (1 mg/ml to 1 pg/ml) concentrations under basal, increasing, or differentiating
conditions. Was used modest BAK concentrations since was discovered that 0.5 mg/ml and 50
pug/ml BAK eliminated iHMGECS in just one day after a 15-minute treatment. The three cell
types were subjected to studies of AKT signaling, lysosome accumulation (LysoTracker), and
cell appearance, number, and neutral lipid content (LipidTox) [95]. Results showed that
1HMGECs, iHCECs, and iHConjECs undergo dose-dependent alterations in their morphology,
survival, proliferation, and AKT signaling. After five days of exposure, several measured doses
caused poor adherence, reduced proliferation, and cell death. Furthermore, AKT
phosphorylation after 15 (FA) or 30 (BAK) minutes of treatment demonstrated that cellular
signaling was decreased in a dose-dependent way in all three cell types, irrespective of whether
the cells had been grown in proliferating or differentiating conditions. The findings support the
research's hypothesis, demonstrating that cosmetic preservatives BAK and FA have several
negative effects on the ocular surface and adnexal cells [96].

2.3 The most prevalent preservatives' adverse effects on cosmetic items:

2.3.1 Paraben: Various cosmetic products use parabens (Figure 4) as preservatives,

including (deodorants, scrubs, shampoos, eye makeup, and lotions), food items, and

pharmaceutical items that the general public is exposed to [97].

R

o (0]

OH

Figure 4: Structure of Paraben [98]
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Thin-layer chromatography may be used to extract parabens from human breast tissue and

identify them, according to preliminary research. Through more thorough research, the mean
amounts of each paraben were found and measured in samples of 20 human breast cancers using
tandem mass spectrometry and high-pressure liquid chromatography. The average paraben
concentration in 20 human breast tumors was (20.6 £ 4.2 ng g—1) tissue. Upon comparing the
different parabens, it was found that methylparaben exhibited the most significant degree of
presence (mean value of 12.8 + 2.2 ng g—1 tissue), accounting for 62% of the total parabens
taken back during the extraction processes. Investigations showed that parabens are present in
a sound form in the breast of humans, which should theoretically pave the way for the
acquisition of more thorough data regarding paraben body loads and, in particular, whether or
not these burdens change between normal tissues and malignancy [99]. The water solubility of
parabens diminishes as the ester chain length increases, and they have a high oil/water partition
coefficient. Consequently, if any parabens can enter the human body unharmed, they may be
able to accumulate in biological tissues' fatty components similarly to other lipophilic [100,
101].

Although the majority of research has shown that parabens do not induce mutations, certain
reports have shown that they can cause chromosomal abnormalities, especially when
polychlorinated biphenyls are present. Additionally, rats who receive methylparaben
subcutaneously have been shown to develop mammary adenocarcinomas [102]. Research has
demonstrated that parabens can cause mitochondrial malfunction and impede lysosomal
enzyme secretion, hence impairing cellular function [103].

2.3.2 Phenoxyethanol: Cosmetic items include Phenoxyethanol (Figure 5) as a preservative
(it can be found in makeup products and skin, body, and hair care products for adults, baby

wipes, baby lotions, fragrances, hair removal waxes, hand sanitizer, and ultrasound gel) and

.

Figure (5): Phenoxyethanol structure [105]

also as a stabilizer in perfumes and soaps [104].

HO
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Phenoxyethanol exposure has been connected to a variety of allergic responses, including

anaphylaxis, eczema, and hives. Another typical adverse response to products containing one
percent or more phenoxyethanol on the skin is eczema. Only the application area reacts, and
eczema goes away if the irritating substance is avoided [106]. According to research in 2015,
the most common side effect of Doppler ultrasonography gel was skin irritation, yet there were
also sporadic instances of potentially fatal responses called anaphylaxis. Doppler
ultrasonography gel containing mixtures of phenoxyethanol and parabens may cause more
severe allergy responses than phenoxyethanol alone [107]. Effects on the infant's acute nervous
system: The FDA warned customers in 2008 not to buy Mommy's Bliss Nipple Cream.
Breastfeeding infants had vomiting and diarrhea due to phenoxyethanol, a substance present in
the cream that depressed their central nervous system. Reduced hunger, trouble awakening the
baby, limp extremities, and skin color changes are all signs of a depressed neurological system
[108].

3. Conclusion:

The primary purpose of preservatives in food and cosmetics is their antibacterial
effectiveness. However, the food and cosmetics industries must worry about these compounds'
toxicity. Therefore, it is essential to keep looking for safe and valuable preservatives. Because
of their toxicity, laws restrict or even forbid using the most vital preservatives. They also
demand that food and cosmetic items be free of contamination.

Consequently, food and cosmetics producers seek innovative preservation techniques to get
around legal restrictions while presenting a safer product regarding toxicological and
microbiological aspects. However, a preservative's range of action is limited based on the
microorganisms and the target species, which incentivizes producers to combine different

preservative forms.
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Abstract:

This research includes estimating the drug (Tramadol Hydrochloride, TR) using the
potentiometric method by constructing selective electrodes for TR drug with the active
ingredient (Ammonium Reinackate, AR) using a plasticizer (Nitro benzene, NB) and adding
nanomaterials (Multi wall carbon nanotube (MWCNT), Nanosilica) for carbon paste electrodes
to increase selectivity and sensitivity towards the material to be estimated. The results showed
that the manufactured electrodes were able to estimate tramadol hydrochloride in the
pharmaceutical preparation (tramadol tablets) at very low concentrations (trace amounts) up to
5.0x10% M using the direct and standard methods and proved to have a wide linear range up to
1.0x108- 1.0x102 M. The Nernstatine slope of the prepared TR-AR-NB electrodes is (58.027,
58.251, and 58.694 mV/decade) for Carbon Paste Electrodes (CPE), MCPE (MWCNTS) and
MCPE (MWCNTSs+ nanosilica), respectively. The lower detection limit (LDL) is 2.39x10”" M
for the CPE and 4.98x10® M for the MCPE (MWCNTS) and 4.7384x10° M for the electrode
MCPE (MWCNTs+ nanosilica) which makes it eligible for the estimation of tramadol
hydrochloride in very low concentrations. The study included measuring the selectivity of these
electrodes with the presence of interferers where the values of Ki;P°t for all studied species were
less than 1. The drug was identified in both urine and blood plasma, with a recovery of at least
99.309 for urine and 97.6593 for blood plasma.

Keywords: Carbon Paste Electrodes, Electrodes, Nanosilica, Tramadol.
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1. Introduction:

Tramadol (TR) is chemically (%)-trans-2-Dimethylaminomethyl-1-(3-methoxyphenyl)
cyclohexanol hydrochloride. has a chemical structure shown in Figure 1 [1]. For the temporary
alleviation of acute pain, tramadol is utilized. It should only be utilized when non-opioid
painkillers are either ineffective or do not assist the patient in regulating their pain [2,3]. This
drug's content has been assessed using a variety of analytical techniques, including
spectroscopy [4-6], due to its medicinal relevance, HPLC [7-9], voltmetery [10], gas
chromatography [11], the colorimetric method [12], LC-MS technique [13], fluorometry [14],
A Screen-Printed Electrode [15] and Electrocatalytic Platform [16]. In the analysis procedures,
the selective electrodes for ions approach is preferred over many spectrum methods because it
IS quick, has a broad linear range, is unaffected by the model's color, and is straightforward to
set up and operate [17]. The goal of the current work is to create a modified electrode containing
MWCNTs (MCPE), nanosilica, and unmodified electrodes (CPE) that can be used to assess TR
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in pure, pharmaceutical, and biological forms with accuracy, sensitivity, and selectivity. The

fundamental analytical parameters were computed and compared for each sensor. The formula

for Tramadol hydrochloride is [18].

HiC .

and enantiomer , HCI

OCH3;

Figure 1: Chemical Structure of Tramadol

Its molecular weight is 299.8 g/mol and its formula is C16H2sNO>, HCI. It has the shape of

a crystalline powder that is white or almost white. Extremely weakly soluble in acetone, yet
freely soluble in water and methyl alcohol [19].

2. Material And Methods:

2.1 APPARATUS: Jenway 3310 pH Meter, HANNA Instruments pH Meter 211, calomel
electrode Swiss source, JENWAY Hot Plate with Stirrer-Germany, C.H.N Perkin EImer USA
2400 Series Il element analyzer.

2.2 MATERIALS: The chemicals utilized were all very pure and were from Fluka, BDH,
and SDI.

2.2.1 Preparation of Tramadol 100 mg/tablet solution: Ten tablets the average weight of
one pill 3.941 g, made by the Dimedic Company in the UK, were crushed in an agate mortar to
determine the average weight of a tablet. To obtain (1.0x10?) M, 1.1815 g of the pharmaceutical
preparation was obtained and dissolved in 100 ml of deionized distilled water. Additional
diluted solutions were prepared for each sample by appropriately diluting with deionized
distilled water.

2.2.2 Biological fluid solutions 0.01 M AM: The lowest concentrations of the solutions
were made by diluting the samples with deionized distilled water. 4.5 ml of human plasma or
urine was obtained, and 0.5 ml of 0.1 M TR was added. The tube was then shaken for one
minute.

2.2.3 Preparation of Interfering Solutions: Solutions of (1.0x10° M) were created by
dissolving the required amounts of these compounds (NaBr, NaCl, CaCl,, KCI, Na;COsg,

NaSOg, starch, glucose, fructose) in 100 ml of deionized distilled water in volumetric flasks.
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2.3 Preparation of the ion-pair: The TR-AR ion-pair was prepared by mixing 10 ml of 0.1

M TR solution with 10 ml of 0.1 M AR solution to create a light red precipitate. The precipitate
was then filtered, repeatedly washed with deionized water, and allowed to dry for a day at room
temperature. Table 1 displays the results of the CHN analysis of the TR-AR ion pair.

Table 1: Elemental Analysis for the TR-AR lon Pair.

TR-AR
Element %C %H %N
Found 36.74 5.80 17.16
Calculated 36.71 5.85 17.13
Formula [C1¢HysNO,CI[CyH,oCTN,S,]. 2H, 0

2.4 Preparation of the Electrodes

2.4.1 Construction of carbon and Modified carbon Paste Electrodes (CPE, MCPE):
After conducting a number of pilot tests, the selective membrane was created by combining its
constituent parts in accordance with weight ratios; the outcomes are displayed in Table 2 The
best electrode for TR-AR-NB CPE is electrode No. 2, the best electrode for CPE (MWCNTS)
is electrode No. 5, and the best electrode for CPE (MWCNTs+ nanosilica) is electrode No. 8.

Table 2: Components and Characteristics of CPE and MCPE Electrodes.

(;I';E ?)L?,Fv)gletf (IBI/OES LF\I; MVE{)%\I 8 Narz(c;jglica Sln?lE ¢ Linear range mTOl R?
' (%) (%) decade
1 70 20 10 0 0 54,175 | 5x 1077 —1x 1072 | 0.9891
2 65 20 15 0 0 58.027 | 5x 1077 —1x 1072 | 0.9999
3 60 20 20 0 0 56.009 | 5x 1077 —1x 1072 | 0.9911
4 62 20 15 3 0 57,208 | 1x 1077 —1x 1072 | 0.9940
5 60 20 15 5 0 58.251 | 1x 1077 —1x 1072 | 0.9999
6 58 20 15 7 0 57.444 | 1x 1077 —1x 1072 | 0.9965
7 59 20 15 5 1 57971 | 1x 1078 —1x 1072 | 0.9980
8 57 20 15 5 3 58.694 | 1x1078 —1x 1072 | 0.9999
9 55 20 15 5 5 58.089 | 1x1078 —1x 1072 | 0.9975

3. Results and Discussion:
3.1. Effect of pH: It was established what pH range is ideal for maintaining a stable electrode
potential. To do this, an electrode potential measurement was conducted in a TR solution
(1.0x10-4) M, ranging in pH from 1 to 10. The pH was adjusted using solutions of NaOH
and/or HCI. The link between the pH value of the solutions and the electrode potential for

each electrode is shown in Figure 2. It is clear that the electrodes' pH range was wide (2-7).
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Figure 2: Effect of pH on the potential response of TR-AR-NB Electrodes

3.2. Effect of Temperature: The results in Figure 3 showed that the ideal temperature for
both CPE and MCPE (MWCNTS) electrodes is (10 — 60) °C, whereas the MCPE (MWCNTs+
nanosilica) electrode had a broader temperature range (10 — 70) °C. The results demonstrate all
of the development electrodes are extremely thermally steady without noticeably changing their
Nernstian slope. The potential change was observed for a concentration of (1x104) M) TR

solution by modifying the temperature of the solution compared to (5-85) oC.
350 +

I e
® | g L
200 -

150 | gttt

100 -
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Figure 3: Effect of Temperature on the potential response of TR-AR-NB Electrodes

3.3. Calibration Curve and Detection Limit: Figure 4 displays the calibration curve that
was created after several tests were conducted to determine the ideal pH and temperature. Table
3 lists the electrode parameters. When it is evident that the electrode made with MCPE
(MWCNTSs+ nanosilica) is superior to the other electrodes in terms of benefits.

Table 3.: Analytical Characteristics of the Electrodes that Were Manufactured

. Slope (mV Upper detection Lower detection limit
Electrode type Liner range M decade™) limit M (UDL) M (LDL)
-8 -
Mcpﬂié(’:"s?’l‘i’g)\”s* 11'°0XX11()0_2 58.694 0.0201 4.7384x10°
1.0x107- P
MCPE (MWCNTSs) 1.0x102 58.251 0.0205 4.9827x10
-7 -
CPE oa. 58.027 0.0203 2.3920x10”
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Figure 4: Calibration Curve of TR-AR-NB Electrodes.

3.4. Precision and accuracy: By measuring the potential of various drug concentrations
within the linear range of the calibration curve for seven consecutive readings under ideal
conditions, precision and accuracy were investigated. The results are displayed in Table 4 and
suggest that the set electrodes might be employed for determining the TR drug with precision

as well as accuracy.

Table 4: Precision and accuracy of findings for TR-AR-NB electrodes.

Sample Taken [TR]M | Found [TR]M | %Recovery %RE
MCPE(MWCNT 1x1072 9.9210%x 1073 99.21 -0.79
+nanosilica) 1x1073 9.8026 x 107* 98.02 -1.97
1x107* 1.0073 x 107* 100.73 -0.73
1x 1075 9.9530 x 107° 99.53 -0.46
1x10°° 9.8342 x 1077 98.34 -1.65
1x1077 9.7169 x 1078 97.16 -2.83
1x1078 9.6000 x 10~° 96.00 -3.99
%Mean + SD 98.4316 + 1.5673
N 7
Variance 2.4564
%RE -1.5683
%RSD 1.5922
Sample Taken [TR]M | Found [TR]M | %Recovery %RE
MCPE 1x1072 1.0048% 1072 100.48 0.48
(MWCNT) 1x1073 1.0148 x 1073 101.48 1.48
1x107* 9.8524 x 1075 98.52 -1.47
1x107° 9.9507 x 1076 99.50 -0.49
1x10°° 1.0049 x 107 100.49 0.49
1x1077 1.0150 x 1077 101.50 1.50
%Mean + SD 100.3335 + 1.1571
n 6
Variance 1.3390
%RE 0.3335
%RSD 1.1533
Sample Taken [TR]M | Found [TR]M | %Recovery %RE
CPE 1x1072 9.9382 x 1073 99.38 -0.61
1x1073 9.9489 x 107* 99.48 -0.51
1x107* 9.9596 x 10~° 99.59 -0.40
1x107° 9.5824 x 10~° 95.82 -4.17
1x10°° 9.9809 x 1077 99.80 -0.19
5x1077 4.8862 x 1077 97.49 -2.50
%Mean + SD 98.5991 + 1.5994
n 6
Variance 2.5583
%RE -1.4008
%RSD 1.6222
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3.5. Response Time: By submerging the electrode in (1x10 ¢®-1x10¢2M) drug solutions,

monitoring the potential for each solution, and timing the electrode’s reaction, the response time
of the electrodes was examined. The response times of the created TR-AR-NB electrodes vary
between 15-49 seconds, 20-53 seconds, and 23-55 seconds for MCPE(MWCNT+nanosilica),
MCPE(MWCNT), and CPE electrodes, correspondingly, as can be seen from the data displayed

in Figure 5.
500 - ==4=CPE
400 -| == CPE(MWCNT)
300 -+
E
o 200
100
0 T T T T T T T 1
0 10 20 30 a9, 50 60 70 80
ime, S

Figure 5: Response Time of TR-AR-NB Electrodes

3.6. Electrode Life Observation: By establishing the calibration curve for every single set
electrode two or three times over the course of a week, the lifetime of the TR-AR-NB electrodes
was estimated. For the MCPE(MWCNT+nanosilica), MCPE(MWCNT), and CPE electrodes,
respectively, no aberration in the Nernstain slope was observed for 52 days, 65 days, and 70
days. The prepared electrode is kept dry between readings.

3.7. Selectivity: The method of separate solutions was used to evaluate the selectivity [20].
First, the drug solution's potential was checked at a concentration of 1x10% M with no
interfering ion (Ei), and then the interfering ion solution's potential was observed at a
concentration of 1x10° M alone (Ej). The chemicals and interfering ions used for this
investigation did not appear to have any effect on the electrodes' excellent drug selectivity.

According to Table 5, every selectivity coefficient value is lower than one.

Table 5.- Selectivity coefficient values.

Selectivity coefficient values
the interfering ion KE*
M1 x 1073 TR-AR-NB
CPE MCPE(MWCNT) MCPE(MWCNT+nanosilica)

Na'* 7.15 x 1071 6.00 x 1071 5.39 x 107!
Kt 6.11x 107! 534 x 107! 4,00 x 107t
Ca?*t 8.70 X 1072 6.65 X 1072 3.79 x 1072
clr- 8.59 X 1072 8.32x 1072 7.81 x 1072
Br'~ 1.26 X 107 9.75 x 1072 7.17 x 1072
Co,'" 5.98 x 1072 5.20 X 1072 5.00 X 1072
5042_ 9.00 x 1073 3.90 x 1072 2.81 x 1072
Glucose 3.23x 1073 2.22x 1073 1.34 x 1073
Fructose 4.94 x 1072 411x 1072 3.87 X 1072
Starch 2.90 X 1072 2.28 X 1072 1.99 X 1072
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3.8. Ruggedness and Robustness: Using ethanol as a solvent for the making of drug

solutions, the robustness of this method employing the TR-AR-NB electrodes for each kind
was investigated. The reliability of such electrodes for the measurement of TR drugs can be
seen in Figure 6. The Ruggedness of this study was conducted using another potentiometer
(HANNA Instruments 211 pH Meter).

500 -
450 - Robustness  cpp\ _ .5g110x+395.29
400 - MCPE(MWCNT) y = -58.199x + 487.69

350 -
300 -
250 -
200 4  e=g==CPE
150
e=fll== MCPE(MWCNT)
100

>
£
w
50 - MCPE(MWCNT+nanosilica)
0 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9
-log[TR]
(a)
500 - d
Ruggedness  pc\ - 57.9021x+394.67
400 - MCPE(MWCNT) y = -58.181x + 487.8
300 -
>
£ 200 -
[F7]
100 - e CPE
=== MICPE(MWCNT)
MCPE(MWCNT+nanosilica)
0 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9
-log[TR]
(b)

Figure 6: Robustness And Ruggedness of The TR-AR-NB Electrode-Based Analytical Technique.

3.9. Analytical Applications: Using the prepared TR-AR-NB electrodes, the TR drug was
identified in the pharmaceutical composition, Tramadol tablets, and biological fluid by both
direct and standard addition approaches. The results, which are displayed in Table 6 and Figure
7, verify the high accuracy and precision of the assessment of AM drugs using the electrodes

mentioned above.
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Table 6: The direct and standard addition methods for assessing the drug.

Electrode | Taken [TR]M | Found [TR]M | %Recovery | %RSD | %RE
Direct method
MCPE(MWCNT 5x 107> 49715 x 1075 99.4314 0.1293 | -0.56
+nanosilica) 5x107° 5.0095 x 107° | 100.1910 | 0.1119 | 0.19
5x 107> 5.0315 x 107° 100.632 0.4012 | 0.63
RSN 5x107° 5.0817 x 107 101.635 0.4979 | 1.63
CPE 5x 107> 5.0731 x 107° 101.462 0.7876 | 1.462
5x107° 48810 x 107° 97.619 0.9933 | -2.38
Standard addition method
MCPE(MWCNT+ | 10—+ | 2.0253 x 10~* | 101.2660 | 1.9282 | 1.26
nanosilica)
MCPE(MWCNT) 2% 107 2.0398 x 10™* | 101.9905 | 2.4325 | 1.99
CPE 2% 107 1.9843 x 10~* | 99.21558 | 3.8527 | -0.78
Urine
MCPE(MWENT | 19-s | 19861 x 103 | 99.3003 | 0.1371 | 069
+nanosilica)
MCPE(MWCNT) 2x 1073 2.0268 x 1073 | 101.3438 | 0.2969 | 1.34
CPE 2x 1073 2.0322 x 1072 | 101.6125 | 0.3940 | 1.61
Plasma
MCPE(MWCNT L, L,
+nanosilica) 2x10 2.0255 x 10 101.2766 | 0.2094 | 1.27
MCPE(MWCNT) 2x1073 2.0109 x 1072 | 100.5458 | 0.0767 | 0.54
CPE 2x1073 1.9531 x 1073 97.6593 0.2798 | -2.34
35
MCPE(MWCNT) CPE
— 37
5 _ 4
A L
g a 3
: R
(=
<

y=0.5928x + 1.1764

y=0.5702x + 1.1631 R? = 0.9991
R?=0.9988 0
f T 1 -4 -2 -1 0 2 4
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0 R? = 0.9991
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Figure 7: Standard addition curves of TR-AR-NB Electrodes.
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3.10 Assessment of the net results: Using the t-test and F-test to assess the validity of

employing the created electrodes to assess pharmaceutical preparations, the outcomes shown in
(Table 7 and Table 8) demonstrate that the developed electrodes were favorable and that there

was absolutely no distinction between the recommended approach and the standard method.

Table 7: The F- And T-tests are Used to Evaluate the Results.

Calculated t- | tabulated t-test for | Calculated F- | tabulated F-test for
0,
Electrode O6Mean +SD n test %95 test %95
MCPE (MWCNT 98.4317 +
+nanosilica) 15673 7 1.7535 2.45 0.3818 4,53
MCPE(MWCNT) 105;’5?35 * 6 -1.0016 2.57 0.7005 5.19
98.5991
CPE +1.5094 6 1.1497 2.57 0.3666 5.19
Standard method* 100.85+
(HPLC) 0.9685 5 0.00 0.00 0.00 0.00

* The HPLC technique for Wadi Al-Rafidain Pharmaceutical Industries according to the Constitution (USP41).

Table 8. Differentiation of the suggested tramadol electrodes with published electrodes.

Ref. Slope d:::de Liner range M LDL (M)
21] 57.8 9.2x10°-1.0x101 | _ 6.2x10°
[22] 56.5 5.5x10° - 1.0x10~ 1.8x10°
[22] 58.1 1.0x10%- 1.0x107 1.0x10%
Present work
CPE 58.027 5.0x107- 1.0x107? 2.39x107
MCPE(MWCNTS) 58.251 1.0x107 - 1.0x102 4.98x108
MCPE(MWCNTSs+ nanosilica) 58.694 1.0x108- 1.0x102 4.7384x10°

4. Conclusions

When comparing the electrodes developed in this research with other previous electrodes,
the modified carbon paste electrode parameters containing MWCNTSs and nanosilica were
superior and can be used to evaluate drugs such as tramadol in the field of forensic evidence
because they have a very low detection limit of up to 4.7384x10° M. The integrated sensors
have a very excellent slope, good recovery, wide pH range (2-7), very low detection limit,
voltage balance, and high sensitivity. Assessing TR using the developed electrodes (CPE and
MCPE) in biological fluids and pharmaceutical preparations at very low concentrations of up
to 5x10° M. All the developed electrodes are suitable for application in the field of
pharmacology, based on statistical analysis.
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Refrigeration is one of the most widely used methods to control the growth of microorganisms

in food products. A number of isolates was 433, including 363 isolates from refrigeration and 70
isolates from freezers. The fungus Cladosporium sp. is the large number in both refrigeration and
freezer, 187 and 28, respectively, and the lowest numbers of fungi such as Rhizopus stolonifer,
Rhizoctonia solani, and Fusarium sp., many fungi were isolated from refrigeration, while fungal
isolates from freezing were less numerous and less diverse. Molecular identification of
Cladosporium sp. because it is the most frequent among the fungal isolated from refrigeration and
freezing by using polymerase chain reaction, it has been shown that Cladosporium
sphaerospermum strain HKA in the gene bank. The aim of the study is to recognize the fungi that

contaminate the refrigerator both domestically and commercially.

Keywords: Fungal Contamination, Refrigerator, Fungi, Food Spoilage, PCR.
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Introduction:

People in the world are suffering from health problems related to consumption of the
contaminated food every year this is one of the problems of the health of our day, many species of
microorganisms can be present in food such as bacteria, fungi” yeasts, and molds" the fungi were
considered important source causes of the contamination with spoilage of food, fungi damage food
by different of food appearance and texture. As well as secreting mycotoxin and consequently the
health of consumers for endangering [1]. Refrigeration is one of the most widely used methods to
control the growth of microorganisms in food products [2]. Refrigeration is used to the control of
rate some enzymes and chemical reactions and also the rate of microorganisms' growth in the food
[3]. Studies have shown that food is damaged even in the temperature of the refrigerator because
the microorganisms secrete enzymes and oxidation reactions, the type of container or packaging
material in which the food is stored and the time of storage also the type of microbial, resulting in

food poisoning and damage it while refrigerated [4]. Also, the freezing doesnt prevent the
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reproduction of microorganisms [5]. In the presence of nutritious materials, humidity, and

appropriate temperatures, increase the growth, leading to food-borne diseases. Microorganisms
come from unclean and raw nutrients with unclean surfaces this container directly causes pollution
to the other food storage and contamination of inter surface of the refrigerator, which causes
indirect food pollution through preparation later [6]. Refrigerated foods can become vectors of
disease through contamination with pathogens and microorganisms in markets, through storage,
or in consumers' homes [7]. Different foods require different places and temperatures for storage,
for example, fresh meat, fish, and poultry are stored in cold storage places, such as freezers, and
in containers with ice, as they do with fish sold in markets, but fruits and vegetables are stored in
cool places or m, refrigeration [8]. Fungi causes spoilage in foods more than bacteria in refrigerator
when humidity and acidity are low and packaging conditions are suitable for their growth, also
fungi isolated from fresh refrigerated animal products, fruits, vegetables, and prepared foods to eat
[9]. Filamentous fungi produce spores that spread in refrigerators when conditions are favorable,
damage food because yeast breaks sugar into Co. with alcohol and this causes low quality of the
nutrient product [10], [11] fungal spores spread by "air, container, improper packaging, hands, and
contaminated food", studies on the isolated filamentous fungi from nutrient materials such as
"Alternaria, Aspergillus, Botrytistis, Cladosporium, Fusarium, Geotrichum, Aureobasidium,
Trichothecium, Mortierella, Mucor, Neurospora, Penicillium, Rhizopus, Thamnidium, Manoscus
and among the yeast genera involved Candida, Cryptococcus, Rhodotorula,
Schizosaccharomyces, Trichosporon™ ; however, this fungi is often present in (meat and poultry)
but it is also found in many other nutrient products [12]. The harmful effects of fungi are not
limited to the spoilage of food only, but they are also harmful to human health and animals, as
they secrete toxic metabolites for example, some species of the Aspergillus spp. secrete aflatoxin,
fungi such as Cladosporium cause problems for humans, as it may cause skin and toenail
infections, the lung diseases including "nasal congestion, sneezing, coughing, and itchy eyes"
Cladosporium spores cause airborne allergy and another disease of the respiratory tract, moreover,
the mycotoxins which are produced by Cladosporium may also make volatile organic compounds
(VOCs) related to smells [13].

2. Materials and methods:

Collecting the samples: 20 samples were collected from domestic and commercial
refrigerators (refrigeration 4°C and freezing 0°C) from Mosul city from October to December and

directly cultured on media.
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Prepare medium: Potato Dextrose Agar (PDA) medium was prepared according to the

supplying company, United Kingdom-Lab M. Limited, and its pH was adjusted, and then sterilized
according to the optimal conditions by placing it in the autoclave (121°C with pressure 1
atmosphere, for 20 minutes), while the antibiotic was added to the sterile medium cooled to (45-
50°C) after sterilizing it using fine membrane filters (0.22) millimicrons.

Isolation of fungi: Fungi were isolated by using sterile swabs moistened with sterile distilled
water, and the PDA medium was inoculated in Petri dishes, with the antibiotic Amoxillin at 100
micrograms/ml, by streaking on the surface of the medium, and then the dishes were incubated at
25°C for 7 days until fungal colonies appeared, [1]. The percentage of fungal frequency was
calculated by the following formula:

Number of colonies

Frequency percentage = --------=-====-====mmmmmmmmmmemmeee x 100
Total number of colonies

Diagnosis of fungi: The fungi were isolated and diagnosed by taking a part of the fungal
colonies after purifying them from the edges of the colony using a method Hyphal tip technique
and placing it on a slide with a drop of water in it, then putting the cover slide and it was examined
with an optical microscope at 10X and 40X power, according to the shape of the mycelium and
conidia, the isolated fungi were diagnosed based on the taxonomic keys of the genus [14]. To the
species based on [15], [16], [17]. As well as diagnosing Aspergillus to different species according

to the taxonomic key by [18], as the following:

1- Growth on Malt Extract Agar medium (MEA) incubated at 25 and 37°C for seven days.

2- Growth on Czapek Yeast Extract Agar medium (CYA) incubated at 25 and 37 °C for seven
days.

3- Growth on Glycerol Nitrate Agar medium (G25%N at 25 and 37 °C for seven days.

Transferred discs from fungal colony with 6 mm were using a cork borer under sterile
conditions, 3 replicates for each fungus, fungi were also diagnosed Fusarium sp. by growing it on
a PDA medium according to the taxonomic key Pitt and Hocking (2009).

Molecular diagnosis (DNA extraction): The extraction equipment was used, DNA Geneaid™
according to company instructions in the United States of America. DNA bands are detected by
using red safe dye, which is a safe and very sensitive dye for DNA, as an alternative to ethidium
bromide dye, which is considered a strong mutagenic agent, as it gives green fluorescence when it
binds to DNA [19].
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Polymerase chain reaction (PCR): This method was used to detect the gene ( ITS) Internal

Transcribed Spacer, the ITS area is the DNA spacer between the small subunit genes of rRNA and
genes rRNA with large subunits in the chromosome, it has been used to diagnose fungi and study
their molecular evolution for more than twenty years [20].

The Primers used in the study: Two types of specialized primers are ITS1 the reaction primer

and 1TS4 the reverse reaction primer as shown in Table 1.

Table 1: Gene-Specific Primers were Chosen ITS from (Korean Macro Gene) Company

Name and type primer Sequence of nitrogenous bases
ITS1(Forward) 5' TCCGTAGGTGAACCTGCGG 3/
ITS4(Reverse) 5' TCCTCCGCTTATTGATATGC 3

Preparation of agarose gel: Prepare agarose gel by dissolving 2 g from agarose in 100 ml of
(Tris-Borate-EDTA solution) previously prepared and warmed until boiling then left cool at 45-
50°C and gel was poured gently so as to leave no air bubbles and left to cool for thirty minutes. A
Comb was then gently isolated from agarose after it had been solid. Plate was fixed on the holder in
the horizontal of electrophoresis and then filled the tank with TBE insulating material that covers
the surface of the gel [21].

Electrophoresis on agarose gel: Electrophoresis was performed to determine the size of the
DNA bands, and to confirm its purity and concentration after extraction. Mix 3 picroleter from
loading solution (Intron /China) with 5 picroleter from extracted DNA, which is bound with the
loading dye, and load the mixture directly into the holes of gel and expose it to electric current at
7vicm? with 1-2 hours until the DNA sample reach to the other side from gel, then gel was exposed
to an UltraViolet Transilluminater source at a wavelength of 336 nanometers after placing gel in a
water bath with the presence of 30 picroleter from red safe dye and 500 ml from D.W. then the gel

was photographed by using a digital camera to show the bands.

Optimal conditions for the PCR technique: The polymerase chain reaction technique

according to the conditions is shown in Table 2.

Table 2: Optimal Conditions for Polymerase Chain Reaction Technique [22]

T Steps Temperature (°C) Duration Number of courses
1 Primary denaturation of DNA 95 5 minutes One cycle
2 Secondary denaturation of DNA 95 30 seconds
_ _ 35 cycles
3 Annealing process 55 1 minute
4 First elongation process 72 1 minute
5 Final elongation process 72 6 minutes One cycle
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Polymerase chain reaction products are sent to the Psomagene sequencing company (USA) to

obtain the genetic sequence.

3. Results:

Isolation and diagnosis of fungi: Many fungi were isolated, and the number of isolates was

433, including 363 isolates from refrigeration and 70 isolates from freezers, as shown in Table 3.

4. Discussion

Fungi were diagnosed based on phenotypic characteristics as in Figure 1, and microscopic
characteristics and compared with taxonomic keys, fungi within the genus Aspergillus it was
diagnosed based on the diameter and color of the colony after growing it on three types of media,
also diagnosing fungi within the genus Fusarium by comparing them with their taxonomic key,

based on the shape of the large and small conidia and the color of the colony after growing it on

medium PDA as shown in Figure 2.

Alternaria sp.

Cladosporium sp.

Penicillium sp.

Aspergillus flavus Aspergillus niger

Fusarium solani

Rhizopus stolonifer Rhizoctonia solani

Figure 1: Phenotypic Characteristics of Fungi Isolated on PDA Medium
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L
Alternaria sp. Aspergillus flavus Aspergillus niger

Cladosporium sp. Fusarium solani

Penicillium sp. Rhizoctonia solani Rhizopus sp.

Yeast

Figure (2) Microscopic diagnosis of fungi using an optical microscope at 40X

Cladosporium sp. appeared In large numbers in both refrigeration and freezers 187 and 28

respectively, followed by Penicillium sp. with numbers of 70 and 22, respectively, this is consistent
with previous studies such as [23], [24]. The lowest numbers of fungi were Rhizopus stolonifer,
Rhizoctonia solani, and Fusarium sp. Many fungi were isolated from refrigeration, while isolates
from freezing were fewer in number and less diverse. There were fungal genera that were common
in isolation from refrigeration and freezing, while there were fungal genera that appeared in
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refrigeration only, such as Aspergillus flavus, Alternaria sp., Rhizopus stolonifer, Rhizoctonia

solani, and Fusarium sp. as shown in Table 3.

Table 3: Number of fungi isolated from refrigeration and frozen stored food

Isolated fungi Refrigeration Freezing
Alternaria sp. 12
Aspergillus 2
flavus

Aspergillus niger 42 14
Cladosporium 187 28
sp.

Fusarium solani 2
Fusarium sp. 1
Penicillium sp. 70 22
Rhizoctonia 1
solani

Rhizopus 1
stolonifer

Yeast 43 4
The Total 363 70

The percentage frequency of fungi was calculated, and the highest percentage was the
Cladosporium refrigeration, it reached 43.2% and after frozen it was about 6.5%, followed by
Penicillium sp. which reached 16.2% and 5.1%, respectively, and the lowest percentage was for
Rhizopus stolonifer, Rhizoctonia sp., and Fusarium sp. which reached 0.2% which was isolated

from refrigeration only, as shown in Table 4.

Table 4: Percentage Frequency of Isolated Fungi

Isolated fungi Refrigeration % Freezing %
Alternaria sp. 2.8
Aspergillus flavus 0.5
Aspergillus niger 9.7 3.2
Cladosporium sp. 43.2 6.5
Fusarium solani 0.9 0.5
Fusarium sp. 0.2
Penicillium sp. 16.2 5.1
Rhizoctonia solani 0.2 -—--
Rhizopus sp. 0.2 -
Yeast 9.9 0.9
The Total 100
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The percentage frequency of all fungi in refrigeration appeared to be higher than the percentage

in freezing, also there is an increase in fungal diversity in refrigeration compared with freezing,
which was fewer in number and types of fungi, and thus is consistent with the study [1]. This might
be due to high temperatures leading to an increase in the growth and number of microbes [25].
Food-borne diseases are caused by improper storage and unregularly cleaning the refrigerator
might increase the risk of infection [26]. Fungi spread in the refrigerator from many sources such
as unclean hands, unclean surfaces of the refrigerator, less cleaning of uncooked materials and
some material leaks with not good packing such as meat, eggs, and milk, as well as leaving the
refrigerator door open and alternative temperature, not washed vegetables and fruits. The
refrigerator can contaminate other food items [6]. The current study indicates that the highest
percentage of Cladosporium followed by Penicillium sp. Thus, it matches with many studies, as
reports indicate that these two fungi are always found on the sides of the refrigerator and that they
can live and reproduce in low temperatures [27]. These fungi produce black spots on the surface
of (meat and fatty tissue) in the refrigerator, also producing mycotoxins for several reasons, such
as not good packaging of food items [28]. These toxins may cause food toxicity and cancer to
humans, such as aflatoxin secreted by Aspergillus sp., there are other toxins, such as ochratoxin
and zearalenone, which have various harmful effects on the consumer, such as poor digestion,
mutagenic effects, or neurological or immune damage [1]. Cladosporium also causes spoilage to
fatty and butter and causes spoilage of many fruits with production of toxins and causes black
spots on the meat [29]. One of the most important causes of contamination may be a continuous
opening of the refrigerator door, consequently increasing internal temperature and allowing the
entry of contaminated fungal spores, pathogens present in the refrigerator can contaminate food
directly or indirectly this dangerous to the health of the consumer in terms of food poisoning even
at appropriate storage temperatures [6]. This is because fungi grow well in an environment that
contains food with moisture [30]. Fungal growth in refrigerated foods depends on several factors,
including temperature, storage time, moisture content, and carbohydrate concentration in the food
source [31].

Molecular identification of Cladosporium with PCR technique: After examination bands
under ultraviolet source it was found that each isolate contained single band with undispersed,
and this is evidence of the purity of the DNA and its high concentration. The amplification results
after electrophoresis on a 2% agarose gel that the resulting bands were 600 base pairs in size, as

shown in Figure 3.
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1000bp

500bp

Figure 3: Electrophoresis of amplification products PCR for Cladosporium using 2% agarose gel at 5 V/cm?,
at an hour and using 1xTBE, the band size is 600 base pairs. M: DNA Ladder 1kb

Results of a study of the sequence nitrogenous bases: Polymerase chain reaction products
are sent to the Psomagene sequencing company (USA) to determine and know the sequence of
nitrogenous bases and compare with the gene sequence ITS storage within the World Gene Bank
NCBI. The results showed a match rate of 99.22%, and the presence of site variation in the gene
sequence in four locations, as shown in Figure 4. Perhaps this variation is due to point mutations
that occur spontaneously in nature and include a series of changes in the sequence of nitrogenous
bases in the DNA [32].

Cladosporium sphaerospermum isolate 152 internal transcribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 285 ribosomal RNA gene, partial sequence
Sequence ID: KP794112.1 Length: 509 Number of Matches: 2

Range 1: 4 to 509 GenBank Graphics ¥ Mext Match
Score Expect Identities Gaps Strand
917 bits(436) 0.0 502/506(39%) 0/506(0%) Plus/Plus

Query 1 TCGGGCCGEGATGTTCACAACCCTTTGTTGTCCGACTCTGTTGCCTCCGEGECGACCCTE 68

Shjct 4 TCGEECCGEEATGTTCACAACCCTTTGTTGTCCGACTCTGTTGCCTCCGEGECGACCCTE 63
Query 61  CCTCCGGGCGGGGGCCCCGEATGRACATTTCAAACTCTTGLGTAACTTTGCAGTCTGAGT 128

Sbjct 64 CCTCCGGGCGGGGGCCCCGOATGRACATTTCAAACTCTTGCGTAACTTTGCAGTCTGAGT 123

Query 121 CGGATCTCTTGGTTCTGGCATCGATGAA 188

Sbjct 124 GATCTCTTGGETTCTGGCATCGATG) 183
Query 181 GAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGRATTCAGTGAATCATCGAATCTT 240

sbjct 134 CAGTGAATCATCGAATCTT 243

Query 241 TGAACGCACATTGLGCCCCCTOOTATTCCOGAGRGCATGCCTATTCGAGCATCATTTCAC 380

sbjct 244 TGAACGCACATTGCGCCCCCTGETATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCAC 383
Query 381 CACTCAAGCCTCGCTTGGTATTGGGCG

ACGC
UL LT
ac

Sbjct 304 CACTCAAGCCTCGCTTGGTATTGEGCGAC

GGTCCGC

i

GGTCCGCCGCELGCCTCAAATCGACCGEC 363

Query 361 TGGGTCTTTCGTCCCCTCAGCGTTGTGGAAACTATTCGCTAAAGEET GCCGCRAGAGGE
IHH [I111] [

Sbjct 364 TGGGTCTTTCGTCCCCTCAGCGTTGTH GCTARAGGETGCCGCGEGAGGEC 423

C 420
|

Query 421 ACGCCGTAAAACAACCCCATTTCTAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGA 480

Shjct 424 ACGCCGTAAAACAACCCCATTTCTAAGATTGACCTCGGATCAGGTAGGGATACCCGLTGA 483
Query 481 ACTTAAGCATATANANAAGGGGGGAA 586

Shjct 484 ACTTAAGCATATCAATAAGCGGGGAA 589

Figure 4: Sequence of Nitrogenous Bases of Cladosporium Sphaerospermum Strain HKA
for Genes ITS1, ITS4
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GenBank -

ACCESSION
VERSION

/7

An official website of the United States government Hers's how you know ~

National Library of Medicine

National Center for Biotechnology Information

Advanced

FASTA Graphics

Golo

Locus PP535392 486 bp DNA linear PLN 31-MAR-2024
DEFINITION Cladosporium sphaerospermum strain HKA internal transcribed spacer

1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence.

PP535392

PP535392.1

KEYWORDS .
SOURCE Cladosporium sphaerosperaum
ORGANISM Cladosporium sphaerospermum
Eukaryota; Fungi; Dikarya; Ascomycota; Pezizomycotina;
Dothideomycetes; Dothideomycetidae; Cladosporiales
Cladosporiaceae; Cladosporium.
REFERENCE 1 (bases 1 to 486)
AUTHORS Taha,H., Abd Al-jabbar,K.B8. and Muhammed,A.
TITLE Direct Submission
JOURNAL Submitted (26-MAR-2024) Biology, University of Mosul, Al-majmoaa
street, Mosul 41002, Irag
COMMENT #HAssembly-Data-START##
Sequencing Technology :: Sanger dideoxy sequencing
#H#Assembly-Data—-END##
FEATURES Location/Qualifiers
source 1..486
forganisn="Cladosporium sphaerospermun®
/mol_type="genomic DNA"
/strain="HKA"
/db_xref="taxon:9295¢"
/geo_loc_name="Iraq"
/collection_date="2024"
misc_RNA <1l..>486
/note="contains internal transcribed spacer 1, 5.85
ribosomal RNA, internal transcribed spacer 2, and large
subunit ribosomal RNA"
ORIGIN

1 cgggatgttc acaacccttt grtgtccgac tctgtrgoct ccggggcgac cctgectecq
61 ggcgggggcc ccgggtggac atttcaaact cttgcgtaac tttgcagtct gagtaaattt
121 aattaataaa ttaaaacttt caacaacgga tctcttggtt ctggcatcga tgaagaacgc
181 agcgaaatgc gataagtaat gtgaattgca gaattcagty astcatcgaa tctttgaacg
241 cacattgcge cccctggtat tccgggyggge atgcctgttc gagegtcatt tcaccactca
301 agccteqett ggtattggqce gacgeggtee gecgegegee tcaaatcgac cggetgaqte
361 tttcgtceccce tcagegttgt ggaaactatt cgctaaaggg tgecgeggga ggecacgecg
421 taaaacaacc ccatttctaa ggttgacctc ggatcaggta gggatacccg ctgaacttaa
481 gcatat

Send o' -

Cladosporium sphaerospermum strain HKA internal transcribed
spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence
GenBank: PP535392.1

Change region shown

Customize view

Analyze this sequence
Run BLAST

Pick Primers

Hiahlight Sequence Features

Find in this Sequence

Related information
Taxonomy

Recent activity

[B cCladosporium sphaerospermum
strain HKA Internal transcrit huceonde

Figure 5: Recording the Cladosporium Sphaerospermum Strainhka in The Gene Bank

Turn OF Clear

See more

Cladosporium sp. is diagnosed because it is the most frequent among the fungi isolated from

refrigeration and freezing by using polymerase chain reaction, it has been shown that it is

Cladosporium sphaerospermum the isolate was reported in GenBank by nameHKA as shown in

Figure 5. After examination of bands under an ultraviolet source, it was found that each isolate

contained a single band undispersed, and this is evidence of the purity of the DNA and its high

concentration

5. Conclusion

We conclude from the current study that the fungus Cladosporium sphaerospermum appeared

in large numbers in both refrigeration and freezing and that fungal isolates were more numerous
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and diverse from refrigeration compared with freezing, as they were less in number and diversity.

and the lowest numbers of fungi such as Rhizopus stolonifer, Rhizoctonia solani and Fusarium sp.
Molecular identification of Cladosporium sp. by using PCR, it has been shown that Cladosporium
sphaerospermum strain HKA in the gene bank.
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Abstract:

(Clol

Each individual possesses a unique signature that is primarily employed to verify

personal identity and authenticate legally binding documents or facilitate significant

transactions, a method commonly utilized for verifying their identity. The utilization of this

technology is restricted to the authentication of biometric recognition in a range of financial,

legal, banking, insurance, and various other business documents. Techniques for recognizing

signatures are employed to determine the specific user associated with a particular signature. In

recent years, a significant number of researchers have focused on the implementation of novel

approaches in this area, with a notable increase in the prevalence of deep learning techniques.

To enhance the understanding of the evolution of offline handwritten signature recognition

among researchers, this manuscript adopts a structured methodology to categorize this research,

drawing primarily from studies found in set major databases. This study assesses methodologies

for offline handwritten signature recognition by implementing predetermined inclusion and

exclusion criteria. It explores various aspects, such as feature extraction and challenges in

classification. In recent years, there have been noticeable advances and new developments. The

paper accentuates the dominance of deep learning research directions in this specific domain.

Differing from existing surveys, this paper does not confine itself to a particular research phase

but meticulously outlines each stage, aspiring to guide future researchers in their investigations.
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1- Introduction

Handwritten signatures are widely utilized as a form of biometric identification in various
commercial documents for daily activities [1]. The offline signature is a distinctive handwritten
representation of a person's name or a mark utilized as proof of identity on various legal
documents, including bank cheques, loans, and properties. It serves as a biometric measure,
capturing detailed information about an individual's body, such as eye color patterns and
handwriting recognition. Verifying an offline signature is a critical process traditionally
conducted by analyzing the fluency of the signature pattern or visually comparing it with
previously collected samples. However, manually verifying a large number of documents is
time-consuming and relies on human vigilance, experience, and expertise to detect potential
signature forgeries. The verification process for offline signatures can be executed online or

offline based on the image acquisition technique. The online method, known as dynamic
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signature verification, involves capturing signatures using devices like tablets or pressure-

sensitive pens, while the offline method, referred to as static signature verification, involves
scanning the signature to convert it into a digital image [2]. At present, offline signatures are
limited to distinguishing themselves by utilizing static characteristics such as shape, outline,
and position, followed by their classification for recognition [3],[4]. Hence, the authentication
of pen-on-paper handwritten signatures poses greater difficulty compared to digital signatures,
and a multitude of scholars have recently devoted their efforts to exploring novel approaches
to enhance this field [5]. Offline signature recognition can be partitioned into two distinct
stages, in alignment with the progression of the development process: the conventional
approach to recognition [3],[4] is used in the first stage . and the deep learning methodology
[6], is employed in the subsequent context. The physical attributes of the signature itself are
primarily utilized in traditional feature extraction methodologies. In contrast, deep learning
methodologies can derive optimal features from vast datasets. In recent times, an array of
advanced deep learning methods has been developed by scholars to facilitate the recognition of
signatures, leading to predominantly favorable outcomes. This serves as the fundamental
premise of the discourse. It is anticipated that through the examination, discussion, and
comparison of both traditional methodologies and deep learning techniques, upcoming scholars
will attain a more comprehensive comprehension of signature recognition [5]. The main
purpose of this research is to review and classify different techniques used to organize and
improve the quality of offline signature images, which helps in better verifying signatures,
Additionally, the study seeks to provide a comprehensive overview of the datasets,
preprocessing techniques, feature extraction methods, and machine learning models used in

offline signature verification systems.

Tablel: A list of the most important abbreviations

Abbreviations | description Abbreviations | description
ANN Artificial Neural Network GLCM Gray_- Level Co-occurrence
Matrix
ACC Accuracy HOG Histogram of Oriented Gradients
CNNs Convolutional Neural Networks | PCA Principal Component Analysis
DL Deep Learning ResNet Residual Network
DWT Discrete Wavelet Transform SIFT Scale-Invariant Feature
Transform
DAG-CNN Directed Acyclic Graph-CNN SURF Speeded Up Robust Features
FFT Fast Fourier Transform SVM Support Vector Machine
Fully Homomorphic Deep .
FHDNN Neural Network VGG Visual Geometry Group
P,
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2- Datasets

Table 2 shows the most important and common data sets chosen because they are publicly
available and can be easily downloaded from websites, either for free or with some payment,

making them convenient for researchers to use.

Table 2: Description of publicly available datasets [2],[5],[7]

Dataset Script W S GS FS
GPDS Western | 4000 | 216000 | 96000 | 120000
CEDAR [8] Western | 55 2624 1320 | 1320
UTSig [9] persian | 115 | 8280 3105 | 3175
BHSig260 [10] | Bengali | 260 | 14040 | 6240 | 2280

Hindi
MCYT-75 western | 75 2250 1125 | 1125
SigComp2011 | Dutch 10 3620 2390 | 1230
PHBC persian | 100 | 1200 1000 | 200

[W: Writers ~ S: Signature samples GS: Genuine Signature FS: Forged Signature]

3- Literature Review

Currently, the field of image recognition has widely employed deep learning (DL)
techniques. Various scholars are also exploring diverse DL approaches in this domain, yielding
notable outcomes. Before conducting this survey, numerous researchers had additionally
consolidated their findings on offline signature recognition. (Hashim et al, 2024) An offline
signature verification model was created with 100% accuracy through the utilization of
FHDNN. Principal Component Analysis (PCA), and Gray-Level Co-occurrence Matrix
(GLCM), the Fast Fourier Transform algorithm are widely used methods in signal processing,
and data analysis (FFT) features were employed to construct a hybrid feature vector depending
on the SigComp2011 dataset and the CEDAR dataset [11]. (Suttedy et al, 2024) The study
examines writer identification in offline handwriting by employing a Siamese network with the
Xception framework, resulting in impressive accuracy rates of 99.81% for IAM and 99.88%
for CVL datasets [12]. (Ibrahim et al, 2023) The scholarly article centers on Offline Kurdish
Character Handwritten Recognition (OKCHR) through the application of Convolutional Neural
Networks (CNN) alongside a range of preprocessing methodologies aimed at improving
recognition precision. The paper underscores the significance of preprocessing procedures in
attaining elevated levels of accuracy in character identification assignments achieving high
accuracy rates of 99.2% for training, 97% for testing, and 97.2% for validation after 35
iterations [13]. (Al-banhawy et al, 2023) The paper introduces a (CNN) model that has been

developed specifically for conducting offline signature verification, demonstrating a significant
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degree of accuracy. A thorough examination was undertaken on three separate CNN models,

yielding a notable accuracy percentage of 94.73 upon evaluation using the CEDAR dataset. The
main emphasis of this research is centered on the procedures involved in feature extraction and
classification as they relate to authentic and fraudulent signatures [14]. (Mitchel et al, 2023 )
Offline verification of signatures through the utilization of transfer learning and data
augmentation techniques on an imbalanced dataset. The study tested four different methods and
found that using a pre-trained VGG16 model with enhanced data gave the best results, making
it easier to tell real signatures from fake ones [14]. (chang et al, 2023 ) we crafted a signature
recognition model with notable precision by leveraging modest sample sizes. Employed pen
pressure and brush stroke characteristics for the purpose of signature authentication [15].
(muslih, et al, 2023) A genetic algorithm is utilized to optimize Convolutional Neural Network
(CNN) architectures for the purpose of offline signature verification. This approach has
demonstrated notable levels of accuracy when applied to datasets such as BHSig260 and
CEDAR [16].(Lopes, et al, 2022) An investigation was carried out on the utilization of deep
neural networks in offline signature verification to authenticate attendance records, resulting in
the attainment of precision and recall rates exceeding 85%, facilitated by the utilization of data
augmentation [17]. (Sharma , et al,2022) The study centers on offline signature authentication
through the utilization of a deep neural network. It introduces a refined Inception V3
architecture that surpasses the performance of existing pre-trained models such as VGG 16,
VGG 19, ResNet 50, ResNet 101, MobileNet, and EfficientNet in both accuracy and
performance assessments. With a success rate of 88%, the suggested model effectively discerns
between authentic and counterfeit signatures [18] (E. A. Soelistio et al, 2021). The research
indicates that offline signatures are predominantly identified through the utilization of a
convolutional neural network, whereas online signatures are predominantly identified through
the utilization of recurrent neural networks and other architectural designs [19]. (jose et al,
2021) The study centers on the Offline Cursive Handwriting Recognition through the utilization
of Convolutional Neural Network for the English language. It attains an accuracy rate of 92.6%
by employing the CNN model on the 1AM database [20]. (Zhao et al, 2020) a complex
Convolutional Neural Network (CNN) structure was formulated to specifically address the task
of differentiating calligraphy imitation (CI). The primary objective of the CNN revolves around
the identification of distinct attributes and trends associated with Cl as observed in handwritten
signatures. Findings indicate that the suggested CNN design improves verification precision by
96.8% and boosts overall system effectiveness. Nonetheless, CNN-based approaches

necessitate a substantial number of handwritten samples from the individual producing the
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signatures [21].(Navid et al, 2019) the objective of the research was to employ convolutional

neural networks (CNN) for the automation of signature verification. The particular framework
utilized in this study was developed based on the structure of VGG-19, an established
convolutional neural network [22].

4- Feature Extraction Methods

Feature extraction occurs in the phase that directly follows preprocessing. The processed
images serve as the main source for identifying specific traits that differentiate one signature
from another. The subsequent section presents an elaborate examination of modern
methodologies for feature extraction in signature identification, employing both traditional
methods and Deep Learning (DL).

4-1 Traditional Methods: This section introduces the concept of feature extraction in
signature images using traditional methods, and a set of sources has been collected for the
period from 2013 to 2022, which helps researchers explore the methods used in these studies.
As shown in Table 3.

Table 3:Extraction of features through conventional methodologies is the focus of this study

Technique YEAR | Datasets Ref.ID | ACC %
HOG & LOMO 2022 | Self-built [23] | 984
Profile projection (pp) | 2022 (szligg;;t [24] 79
Loci features 2022 (szliggél)t [24] 93
HOG & FMMC 2021 | Self-built (12%20) | [24] | 96
HOG 2019 | Self-built [25] | 98.33
HOG 2018 | Devanagari [26] | 97.06
(oBIFs) &
SUM 2018 QUWI Database | [27] 76
CT & OC-PCA 2017 | CEDAR
SPDS [28] | 97.99
HOG 2017 ?;éifg)'" 29] | 96.875
HOG 2017 (st":fo‘;'” 3] | 9833
FEL A DT 2015 | Self-built [30]
SigWiCom [31]

HOG 2015 | 25009 99.27
SIFT 2015 ?;éif;‘é')t [32] | 7172
fr::fclhin personal

g 2013 | dataset [33] |94
technique created
(PMT)

( The interpretation of the mathematical expression x*y can be described as follows: where x represents the number of individuals who
have signed, and y denotes the average number of signatures contributed by each individual).
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4-2 Deep Learning Methods: A convolutional neural network (CNN) is a type of deep

learning network that has demonstrated cutting-edge performance in various domains of
computer vision, including image classification, pattern recognition, and object detection.
Generally, a CNN is comprised of three primary components: convolutional layer, pooling
layer, and fully-connected layer [34]. Convolutional neural networks (CNNs) are the most
successful model. CNN can learn and extract image features automatically and performs great
in machine translation [35]. CNNs essentially operate as mappings from input to output. The
network is capable of learning a diverse range of mapping relationships without a precise
mathematical formulation linking the input and output. Through training on recognized
patterns, the convolutional network can effectively establish mappings between input and
output pairs. In the wake of the remarkable advancements in deep learning, numerous
researchers have shifted their focus toward developing signature recognition models based on
CNNSs. These existing models for signature recognition are characterized by their simplicity in
structure, efficiency, and promising prospects for widespread applications, Hereafter follows a

table of several renowned network models [5] :

n Convolution
Input image Filrts

Pooling
Filter

nxm Feature  Fully-connected
ps O_Layero

Output

. - o1s
Featu | 8"‘ ,"8 \ Prd;a(:llmy
nreawre \ ‘\ 0
Z SEH( veps |B||pred > Y>>0 Y O 0
| '\ /
{ Maps 8/ \ Q
!
Size: 224x224 T Repeat m times | Size:7x7 d : :\8'

Fipg (a) WorkFlow

Figure 2: The Fundamental Structure of Convolutional Neural Networks (CNN)
is Employed in the Task of Recognizing Signatures [35]

Table 2: The most commonly used algorithms and their details [37]

Model Total parameters | FE parameters | Released year | Trainable layers
CAPSNET 6.86 million 5.39 million 2017 3
RESNET50 25.6 million 23.5 million 2015 51

AlexNet 62.3 million 3.7 million 2012 8
VGG16 138 million 14.7 million 2014 16
GoogleNet 5.3 million 5.3 million 2014 22

The table below shows feature extraction methods using convolutional neural networks for

the period from 2019 to 2024.
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Table 3: Methods of feature extraction for Convolutional Neural Networks (CNN)

Ry Tlgf Feature extraction Datasets ACC(%)
2024 | [12] Siamese Neural Network (SNN) IAM dataset 99.81
2023 | [37] CNN CEDAR 94.73
2023 | [38] MobileNetV/2 Offline Handwriting 97.7
Signature
2023 | [39] CNN GPDS Synthetic Signature 82
2023 | [40] CNN Private Signature Dataset 88.89
2022 | [41] OHS-Net Multi-lingual 99.20
- CNN-GC 98.03
2022 | [42] - CNN-HDR CEDAR 85.38
- SCN 97.82
Vgg16, vggl9,EfficientNet B2, ResNet50, 80,81,74,77,
2022 | [18] Resnet101 , MobileNet, Inception V3 GERS 73,71,88
~UTSig e
2022 | [43] DCNN -ICDAR 98' 9
-MCYT 90
2021 | [20] CNN 1AM 92.6
2021 | [44] ANN SigComp 2011 82.5
CEDAR 97
2020 | [45] CapsNet GPDS-100 94
MCYT 95
2020 | [46] Siamese neural network Self-built 84
Inception-vl 83
2019 | [47] Inception-v3 GERS 75
building databases of
2019 | [48] DAG-CNN genuine signatures and 99.4
forgeries
2019 | [49] CapsNet CEDAR 98.8

5. Conclusion
This study analyzes the development of offline signature recognition techniques over the

past few years, taking into account all the traditional techniques aimed at obtaining greater

expression features in signature samples that are still in common use. While deep learning-

based methods focus on reconstructing CNNSs, researchers are gradually using more network

models for signature recognition tasks. These models range from simple modifications to CNNs

to the use of other deep learning networks such as LS2Net, GoogLeNet, CapsNet, VGG, and

other models. We conclude from this work that new readers and researchers can benefit from

this study and the references mentioned in the research on the topic of offline signature

verification. There is still potential for further work in this area using other classes of deep

learning algorithms because current technologies still fall short of meeting the needs of society

in the real world.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

124



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nori JM, Murshid AM. / Al-Kitab Journal for Pure Sciences (2025); 9(1):117-128.

6-References:

[1]

[2]

[4]

[5]

[10]

[11]

[12]

Jain AK, Ross A, Prabhakar S. An introduction to biometric recognition. IEEE Trans
Circuits Syst Video Technol. 2004;14(1):4-20.

Hameed MM, Ahmad R, Kiah MLM, Murtaza G. Machine learning-based offline
signature verification systems: A systematic review. Signal Process Image Commun.
2021;93:1-34. doi:10.1016/j.image.2021.116139.

Tagkiran M, Cam ZG. Offline signature identification via HOG features and artificial
neural networks. In: 2017 IEEE 15th International Symposium on Applied Machine
Intelligence and Informatics (SAMI). IEEE; 2017. p. 83-6.

Ghosh R. A Recurrent Neural Network based deep learning model for offline
signature verification and recognition system. Expert Syst Appl. 2021;168:114249.

Wang Z, Muhammat M, Yadikar N, Aysa A, Ubul K. Advances in Offline
Handwritten Signature Recognition Research: A Review. IEEE Access.
2023;11:120222-36. d0i:10.1109/ACCESS.2023.3326471.

Jampour M, Abbaasi S, Javidi M. CapsNet regularization and its conjugation with
ResNet for signature identification. Pattern Recognit. 2021;120:107851.

Ferrer MA, Diaz-Cabrera M, Morales A. Synthetic off-line signature image
generation. In: 2013 International Conference on Biometrics (ICB). IEEE; 2013. p.
1-7.

Srinivasan H, Srihari SN, Beal MJ. Machine learning for signature verification. In:
Computer Vision, Graphics and Image Processing: 5th Indian Conference, ICVGIP
2006, Madurai, India, December 13-16, 2006. Proceedings. Springer; 2006. p. 761—
75.

Soleimani A, Fouladi K, Araabi BN. UTSig: A Persian offline signature dataset. IET
Biometrics. 2017;6(1):1-8.

Pal S, Alaei A, Pal U, Blumenstein M. Performance of an off-line signature
verification method based on texture features on a large indic-script signature dataset.
In: 2016 12th IAPR Workshop on Document Analysis Systems (DAS). IEEE; 2016.
p. 72-7.

Hashim Z, Mohsin H, Alkhayyat A. Signature verification based on proposed fast
hyper deep neural network. IAES Int J Artif Intell. 2024;13(1):961-73.
d0i:10.11591/ijai.v13.i2.pp961-973.

Suteddy W, Agustini DAR, Atmanto DA. Offline Handwriting Writer Identification
using Depth-wise Separable Convolution with Siamese Network. Int J Informatics
Vis. 2024;8(1):535-41. doi:10.62527/joiv.8.1.2148.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

125



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nori JM, Murshid AM. / Al-Kitab Journal for Pure Sciences (2025); 9(1):117-128.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Ibrahim RM, Nariman GS, Majeed HD. Offline Kurdish Character Handwritten
Recognition (Okchr) Using Cnn With Various Preprocessing Techniques. J Eng Sci
Technol. 2023;18(6):3113-27.

Mitchell A, Edbert E, Elwirehardja GN, Pardamean B. Offline Signature Verification
Using Transfer Learning and Data Augmentation on Imbalanced Dataset. ICIC
Express Lett. 2023;17(3):359-66. doi:10.24507/icicel.17.03.359.

Chang SJ, Wu TR. Development of a signature verification model based on a small
number of samples. Signal Image Video Process. 2024;18(1):285-94.
d0i:10.1007/s11760-023-02714-9.

Musleh AMQ, Al-Azzani AMO. Developing a Model for Offline Signature
Verification Using CNN Architectures and Genetic Algorithm. Sana'a University
Journal of Science Applied and technology. 2023; 1(3):291-303.
doi:10.59628/jast.v1i3.314.

Lopes JAP, Baptista B, Lavado N, Mendes M. Offline Handwritten Signature
Verification Using Deep Neural Networks. Energies. 2022;15(20):1-15.
doi:10.3390/en15207611.

Sharma N, et al. Offline signature verification using deep neural network with
application to computer vision. J Electron Imaging. 2022;31(04):1-18.
d0i:10.1117/1.jei.31.4.041210.

Soelistio EA, Kusumo REH, Martan ZV, Irwansyah E. A review of signature
recognition using machine learning. In: 2021 1st International Conference on
Computer Science and Artificial Intelligence (ICCSAI). IEEE; 2021. p. 219-23.

Jose M, Kumar P. Offline Cursive Handwriting Recognition using Convolutional
Neural Network. J Xidian Univ. 2021;15(August). doi:10.37896/jxu15.8/029.

Zhao B, Tao J, Yang M, Tian Z, Fan C, Bai Y. Deep imitator: Handwriting
calligraphy imitation via deep attention networks. Pattern Recognit.
2020;104:107080.

Navid SMA, Priya SH, Khandakar NH, Ferdous Z, Haque AB. Signature verification
using convolutional neural network. In: 2019 IEEE International Conference on
Robotics, Automation, Artificial-intelligence and Internet-of-Things (RAAICON).
IEEE; 2019. p. 35-9.

Rexit A, Muhammat M, Xu X, Kang W, Aysa A, Ubul K. Multilingual handwritten
signature recognition based on high-dimensional feature fusion. Information.
2022;13(10):496.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

126


https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nori JM, Murshid AM. / Al-Kitab Journal for Pure Sciences (2025); 9(1):117-128.

[24])

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

P,
El Melhaoui O, Benchaou S. An efficient signature recognition system based on

gradient features and neural network classifier. Procedia Comput Sci. 2022;198:385—
90.

Aravinda CV, Meng L, Reddy KRUK, Prabhu A. Signature recognition and
verification using multiple classifiers combination of Hu’s and HOG features. In:
2019 International Conference on Advanced Mechatronic Systems (ICAMechS).
IEEE; 2019. p. 63-8.

Makdisi A, Boukaram W. Signature verification and forgery detection using deep
learning techniques. In: 2020 16th International Conference on Computer Graphics,
Imaging and Visualization (CGiV). IEEE; 2020. p. 94-9.

Shuaib M, Alam W, Hasan M. Offline handwritten signature recognition and
verification using machine learning classifiers. Turk J Electr Eng Comput Sci.
2021;29(1):2925-41.

Gonzalez-Sosa EJ, VVargas-Soto H, Montes-Mata JA. Feature selection for signature
verification using evolutionary computation techniques. In: 2021 International
Conference on Electronics, Communications and Computers (CONIELECOMP).
IEEE; 2021. p. 234-8.

Nguyen TM, Ha TV. A novel offline signature verification using Gabor filter and
fuzzy inference system. J Comput Theor Nanosci. 2020;17(5):2252-60.

Hassanat AB, Awad S, Gharaibeh N. Combining local binary pattern with deep
learning for offline signature verification. Neural Comput Appl. 2020;32(7):2345—
57.

Raja H, Pothula S. Signature recognition and verification using deep learning
architectures. J Comput Inf Sci Eng. 2019;19(2):45-53.

Morales A, Ferrer MA, Diaz M. Synthetic off-line signature image generation using
Gaussian mixture models. Pattern Recognit Lett. 2015;65:191-7.

Alzu'bi MM, Fawwaz A, Muaidi H, Otoom AF. Feature extraction techniques for
offline Arabic signature verification. Appl Comput Inf. 2023;19(1):55-64.

Dash PK, Patra G. Performance analysis of statistical and structural features for
offline handwritten signature verification. In: 2018 International Conference on
Advances in Computing, Communications and Informatics (ICACCI). IEEE; 2018.
p. 862—7.

Zhu J, Xu Q, Zhang M. Cross-domain adaptation for signature verification using
Siamese networks. Pattern Recognit. 2022;121:108245.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

127


https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Nori JM, Murshid AM. / Al-Kitab Journal for Pure Sciences (2025); 9(1):117-128.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

P,
Fadlil A, Wiratno WA. Hybrid deep neural networks for handwritten signature

recognition. In: 2021 11th International Conference on Information Communication
Technology and System (ICTS). IEEE; 2021. p. 87-92.

Prathap S, Mathew G. Survey on offline handwritten signature verification using
machine learning. Procedia Comput Sci. 2021;185:711-8.

Awad S, Jafar AM, Khalaf HS. Multimodal signature verification combining textural
and shape features. Expert Syst Appl. 2021;179:115062.

Bensefia A, Nosary C, Paquet T. Writer-based offline signature verification using
Hidden Markov Models. Int J Doc Anal Recognit (IJDAR). 2005;8(2-3):174-84.

Joshi R, Babu RV. Signature verification using kernelized feature extraction and
classifier ensemble. In: 2018 International Conference on Advanced Computation
and Telecommunication (ICACT). IEEE; 2018. p. 36-9.

Shah S, Bashir F, Ramachandran V. Offline signature verification and recognition
using geometrical and texture features. Int J Comput Appl. 2017;165(9):23-9.

Karatzas D, et al. ICDAR 2015 competition on robust reading. In: 2015 13th
International Conference on Document Analysis and Recognition (ICDAR). IEEE;
2015. p. 1156-60.

Biggio B, Fumera G, Roli F. Pattern recognition systems under attack: Design issues
and research challenges. Int J Comput Vis. 2015;113(3):411-25.

Shanker P, Rajasekar S. Offline signature verification using ANN. Pattern Recognit
Lett. 2015;46:55-61.

Lee JH, Park DH. Effective features and neural network for offline signature
verification. In: 2015 International Conference on Control, Automation and Systems
(ICCAS). IEEE; 2015. p. 143-7.

Abdallah M, Zaidan A. Survey of forgery detection methods for handwritten
signatures. Int J Comput Sci Eng. 2016;12(1):23-35.

Rivard J, Granger E, Sabourin R. Multi-feature selection and random subspace
method for offline signature verification. Int J Doc Anal Recognit (IJDAR).
2014;17(3):213-34.

Su H, Guan D, Ghandilyan H. Offline signature verification using Graph Matching.
Pattern Recognit. 2016;51:240-55.

Diaz M, Morales A, Ferrer MA. Synthetic signature verification: Feature fusion and
advanced matching techniques. Expert Syst Appl. 2016;60:1-14.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

128


https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Al-Kitab Journal for Pure Sciences (2025); 9(1):129-143.
https://doi.org/10.32441/Kkjps.09.01.p9

KJPS AFKitab Journal for Pure Sciences -

e ISSN: 2617-1260 (print), 2617-8141(online) f“\
AR o

—ia https://isnra.net/index.php/kjps ———

Deep Neural Optimal Networks for Brain Tumour
Segmentation

I"Dhafer Sabah Yaseen, 2Fahad Ayad Khaleel Albazaz,Riyad Mubarak Abdullah

Department of Computer Science, College of Education for Pure Science, University of Al-Hamdaniya, Iraq
?Directorate of Education in Nineveh, Iraq

*Corresponding Author: dhafer.sabah@uohamdaniya.edu.ig
ORCID : 0000-0003-4460-2284*

Citation: Yaseen DS, Albazaz FAK, Abdullah RM. Keywords:  Lingering  Organization,
Profound Learning, Division, U-Net, CNN,

Clinical images, Gathering.
Segmentation. Al-Kitab J. Pure Sci. [Internet]. 2025  Article History

Deep Neural Optimal Networks for Brain Tumour

Feb. 13 :9(1):129-143. Doi: Received 18 Apr. 2024
e . Accepted 27 Jul. 2024

https://doi.org/10.32441/kjps.09.01.p9. Available online 13 Eeb. 2025

o iresthecommens ogicensesloulat) GHcH
Abstract:

The automated division of brain developments using multimodal MR images is essential in
the assessment and seeing improvement of sickness. Gliomas are compromising and amazing,
fruitful and definite division strategies are used to help in the development of partition into
intratumorally gathered classes. Significant learning computations beat standard setting-based
PC vision approaches in conditions requiring semantic division. Convolutional Cerebrum
Associations are by and large used in clinical image division. They have conclusively
additionally evolved accuracy by and by in the division of brain tumours. In this investigation,
we propose the ResNet (Waiting Association) a blend of two association divisions uses areas
of strength for a clear combinative methodology to convey all the more endlessly definite
assumptions. The models were ready on the (Devils 20) test data and later analyzed to make
segments. Among the different methods of reasoning examined,( RESNET) produces the most
solid results when diverged from (U-Net) and was in this manner organized in various ways to
appear at the keep going assessment on the endorsement set, the get-together had the choice to

get dice scores of 0.80, 0.85 for the development of development, hard and fast sickness, and
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disease focus, independently, showing more critical execution stood out from the momentum

advancement being utilized.

Keywords: Lingering Organization, Profound Learning, Division, U-Net, CNN, Clinical
images, Gathering.
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1. Introduction:

Frontal cortex tumours are among the deadliest infections that have started and squashed
countless lives across the globe. The ailment can influence any piece of the body following it has
shown up at the frontal cortex. The opportunity is that developments could hurt the neural
connections in all designs [1]. They can cause infection. They ought to be perceived and treated
as quickly as possible. Brain diseases and various types of malignancies of the tactile framework
are the second most frequently dissected according to the survey [2]. 5-year perseverance rates
show the number of patients that can live for something like 5 years following having been

examined as infection-related. Is it 36% by virtue of females and 34% for males? Confronted. As
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for the World Prosperity Affiliation, 4000 individuals all around the planet experience the evil

impacts of frontal cortex developments. Moreover, 120,000 people kicked the container in the
earlier year.

According to the WHO, it is observed that 86,970 new patients are diagnosed with primary
central nervous system (CNS) tumors each year [3]. These tumors can be categorized into two
types: primary and secondary. Primary tumors originate within the CNS, while secondary tumors,
also known as metastatic tumors, spread to the CNS from other parts of the body [2]. Brain cancer
is fundamental in nature and has strange headway whose starting points inside the cerebrum don't
stretch out to various parts of the body. It can appear to be innocuous (doesn't have cancer-causing
cells) or compromising (contains malignant growth cells). Brain cancer growths that are innocuous
grow steadily and do not regularly spread. They have specific cutoff points, and they can be taken
out by an operation. Brain tumours that are undermining grow rapidly and quickly spread across
bordering cerebrum regions. They contain unclear cutoff points. They are often known as frontal
cortex illnesses. Compromising malignant growth doesn't create the spine or the frontal cortex.
Frontal cortex developments help the spine and brain. Metastatic is a sort of dangerous
development whose starting points are in the body and have the choice to spread to the frontal
cortex. The signs and results of psyche diseases are different depending upon the region of the
development, its size, and the sort of progress. Besides, they stop the movement of blood that
courses through the frontal cortex [4]. The most progressive aftereffects consolidate affliction,
spewing cerebral torments, nausea, and burden strolling. The goal is to make programming that
will consider better division limits that can be utilized in clinical imaging to analyze and
distinguish conditions like psyche developments. X-ray images are made as an element of a
standard clinical day-to-day practice and are regularly implied by the term Alluring Resonation
Imaging used for the ID of frontal cortex tumours [5]. The division of tumours inside the frontal
cortex with X-ray is among the main patterns of clinical imaging since it by and large requires the
greatest measure of data. Additionally, mind development can be difficult to recognize by the
constraints of sensitive tissue. The shape isn't self-evident and is like manner a darkened spot in
size. It's been a mission to spread out the particular thought of developments found inside the
human psyche.

The gathering of brain developments by specialists typically falls to the extent of grade I to IV,
which relies upon the existence of structures that are broken down minutely [5]. The authentic
estimations for different sorts of brain tumours and the repeat of their repeat are presented in
Figure 1.
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Figure 1: Statistics of Brain Tumour Types

The results were seen as promising after the computation was inspected with photos of the
informational index [6]. In any case, the division of brain tumours logically expected a thorough
and thorough assessment of the kind of disease, district of the malignant growth, its improvement
plan as well as the region of the development to be perceived before the course.

This paper recommends that the RESNET is a significant association model that has fit for 152
layers and presents skip affiliation/simple course relationship to deal with the issue of vanishing
slants that were knowledgeable about CNN. Through RESNET, the development's clearness pixels
can be perceived using multimodal X-ray images. This technique achieves extra accurate and more
exact assumptions. Then, dissecting the dice's likeness to 0.801 as well as 0.851 gives the most
imperative accuracy to RESNET. We use their probability maps together to make more exact
gauges.

2. Literature Review

Different investigation papers have highlighted the importance of artificial intelligence in
redesigning and chipping away at the ampleness of activities. From joining ML and all
overestimation to including it to assist with recognizing new articles, various techniques have been
made to help automatize tasks that sound problematic, genuinely. Truly ordinary an issue, it's
principal that they are noticed mindfully and fittingly treated by the future situation. Different
algorithmic strategies for ML can pinpoint the areas of harmful development and help
neuroradiologists notice the ailment and seek prepared treatment means to treat it [7-9]. The data
used in these estimations should uncover the specific components of growths including their
infiltrative advancement guides to their heterogeneity to ensure an astounding level of accuracy
while disconnecting. The outcomes of X-ray are moreover open through the Rapscallions

challenge and Scalawags challenge. Scalawags challenge consolidates HGG and LGG results of
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people from various establishments that can assist patients with encouraging strong systems for

illustrating gliomas.
Significant Learning Architectures:

Deep learning computations are superior to tasks, for instance, semantic division, instead of
standard methodologies of PC vision that are dependent upon setting. A lot of them are used for
Clinical image divisions Significant Convolutional Cerebrum Associations have had the choice to
achieve a serious level of state of exactness in the gig of psyche development division. The 2-D
U-Net was planned to work with the most well-known approach to dividing frontal cortex
malignant growths [10]. To construct the sufficiency of the association, different procedures for
data update were used close by the ejection of the sensitive dice abilities to diminish the heaviness
of class disproportionate qualities in the enlightening record. P.S. Mukambika and K. Uma Rani
[2017] present a strategy to determine the nature of tumor development, whether malignant or
benign. The current investigation examines various methods used to detect tumors using X-ray
images, with a focus on the level-set method. In this phase, feature extraction will be optimized
using Support Vector Machines (SVM). Compartment, Yuehaov & Huang, [2023] utilized used
frontal cortex X-beam pixels to secure basic estimations to help in recognizing brain development.
The system they used suggested that they considered the painstakingly based convolutional
cerebrum Association (CNN) method to deliver a certifiable brain disease. S. Pereira, and A. Pinto
[2016], it was stated that the malignant growth arranged in the affected region is compared to the
assessment. The item offers various estimations packs with obvious sizes as well as regions and
powers. They showed the way that their estimation can be automated and assigned to move the
development inside the brain's image. image pre-dealing is the cycle that incorporates moving
images through channels to wipe out the redirecting parts that were found in the photos.
Myronenko [2019] was situated as the first of the top segments in a surprisingly long 2018 test,
using their encoder-decoder-based CNN plan.

3. Materials and Methods

3-1 Dataset: In this section, as shown in (Figure 2), we applied our model using data from the
Psyche Disease Division Challenge (Pixies) 2020. The arrangement set was utilized to train the
models, and the endorsement set was employed to evaluate the proposed framework [11]. The
arrangement set contains 138 events of threatening development with fluctuating degrees. The
multi-institutional dataset, which was integrated by 19 unmistakable makers contains various X-

beam photos of every single patient, which consolidate T1, T1 contrast-overhauled (T1ce) T2-
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weighted (T2) close by the Fluid Choked Inversion Recovery (Style) as shown in (Figure 3) which

is a source from which tumoral subregions are separated [10].

3-2 Methodology: The social event is typically used to piece frontal cortex tumours and offers
the upside of additional creating results as well as execution. We propose a lightweight company
involved in RESNET networks that is expressly ready with the planning set we have made. The
aides of division are solidified to make the last conjectures.

Import BraTs
Dataset

Select Deep
Learning
Techniques

Generate CNN InputTest Resnet Test Comparing U-
and U-Net Image and Image and Net and Restnet
Model Segmentation Segmentation Graph

Figure 2: Block Diagram

"This task involves a high-level directory using the Brain Development (Whelps) Dataset.” It has
four specific malignant growth stages: Style, T1, T2, and T1ce, each with 138 X-ray images[12].

3-3 Getting Dataset: The data, which comes from the association of a .csv data report was
made and used as a commitment to predict the disease.

3-4 Select computation: Here, the researcher picks the estimations to set up the dataset.

3-5 Getting ready dataset: In this step, the dataset is arranged using the procedures CNN and
U-Net. To get clarity in the Pixel, we train the RESNET Model.

3-6 Test image and Division: Here, we take the ResNet input image and kill all of the dull

spots in the image, revealing the region of the disease.

Flair T1 Tlce T2

Figure 3: MRI (multi-modal image) of a single patient (HGG) in the BraTS Training set along with the
manual annotation overlaid which is on the Flair image.
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3-7 Comparison graph: Assessment graph: In this step, taking a gander at the two estimations

yields the right characteristics for which technique to pick, and there will be clarity in the pixel
where the disease is found

3-8 Convolution cerebrum associations: Convolutional cerebrum networks are extensively
used in clinical image dealing. Various specialists have worked through the years to foster a model
that can perceive developments even more precisely [13]. We intended to create a model that can
precisely break down developments considering 2D frontal cortex X-ray data. No matter what the
way that a totally related brain association could perceive the development, we picked CNN for
our model inferable from limit sharing and affiliation sparsity.

For malignant growth recognizing verification, a five-layer convolutional mind network is
introduced and completed. The united model, which contains seven phases and consolidates the
mystery layers, gives us the clearest result for malignant growth acknowledgment [14]. The
proposed system is presented under, close by a brief narrative.

Decline the spatial size of the image gradually in this ConvNet plan to decrease the number of
limits and the association's calculation time. Managing a brain X-beam image can achieve
contamination due to overfitting, and the most extreme pooling layer is perfect for this current
situation. We use Max-pooling2D to show land data that approves with our criticism image [15-
16]. The pool size is (2, 2) considering the way that the data photos are parcelled in both spatial
perspectives, happening in a tuple of two numbers to downscale in a vertical bearing and on a level
plane. A pooled feature map is made after the pooling layer is applied. After pooling, one of the
primary layers is evening out, since we need to change over the entire cross-section tending to the
data images into a singular portion vector, which is fundamental for dealing with. Starting there
ahead, it is passed into the Cerebrum Association to be taken care of [17].

There are related layers used. In Keras, the thick capacity is used to deal with the Mind
Association, and the ensuing vector is used as a commitment for this layer. The mystery layer
contains 127 centers. Since the number of angles or center points is comparable with the PC
resources, we need to change our model, so we keep the number of center points as little as is
attainable as could truly be anticipated, and 127 centers give the best result to this particular
circumstance. On account of its unmatched presentation at blend, ReL U is used as the institution's
ability. After the basic thick layer, the model's last layer was the second totally associated layer.
We used the sigmoid capacity to order this layer, where the number of centers is one in view of
the need to reduce the computational resource use to have a more conspicuous total decline and a
valuable chance to execute. While the use of sigmoid as the order ability is leaned to agitate
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understanding in additional significant associations, here we increase the sigmoid capacity with

the objective that is fundamentally less [18]. The number of centers is basically more humble and
more reasonable for this particular significant association.

U-net was at first developed around the beginning of Olaf Ranneberger for the Fisher and
Thomas Bronx to assist with the division of clinical images [19]. Its plan is portrayed as an encoder
which is then followed by the decoder [3]. Contrary to portrayal, which is where the result of the
association isn't the vital point of view that is important, the semantic division isn't just a
computation that requires detachment on the pixel level as well as the ability to apply
discriminative techniques obtained in various periods of encoders to pixels. This encoder
structures the fundamental piece of a design blueprint. It's normally a portrayal structure like VGG
or ResNet in which convolution blocks are used, followed by a greatest pool down-testing process
used to change the image inputs into depictions of features at different levels. The decoder is
another part that makes up the overall development. Its goal is unraveling the ramifications of
different properties (lower objective) that encoders have sorted out some way to pixels to make a
superior gathering. The decoder involves analyzing an association [18].

This will be followed by a normal convolution procedure. The primary time of the unit utilized
ordinary cerebrum network convolution layers which feed-forward as shown in the image [20].
The dull bolt infers convolutional layers and an institution regard capacity. The going with layer
has added channels to some degree, yet the angles are still wide in level. We have added two
channels, as well as a convolutional layer that is more unique. Max-pooling is then used to dispense
with the length and width. This could convey benefits to inceptions where the size and width are
diminished at any rate the amount of channels is extending [21]. To foster the unit to create it, we'll
apply two or three degrees of normal convolutions. Then, we'll use our ability to start regard. It is
recognized by the dull bolts, and a short time later we use our Render Layer.

3-9 Image Enhancement: To fight CNN overfitting, sporadic shearing, flipping, faint annoyance,
and shape-disrupting impact are used to test. Faint bothering might conceivably change each
individual pixel inside a bound district.

The PP metric is the most un-complex technique for assessing semantic division precision since
it dissects the degree of fittingly recognized pixels to all pixels. The computation procedure is
according to the following Formula (Equation-1):

Pp — TE=0"pp

= Equation-1
£p=0.3§=0"pq f
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MPA measures the degree of pixels in each class that is actually separated and a while later gets

the typical, things being what they are. The condition is according to the accompanying Formula
(Equation-2) :

=Lt yr _MNep ion-
MPA = y+12p=0 ST Equation-2

MIoU registers the union and affiliation extent of two sets. Inside each pixel characterization,
the pixel crossing point is not totally settled, and the ordinary is figured as follows in (Equation-
3) :

MioU = —— 37 A (Equation-3)

=0yY 4 _
+1P=0 % o Npg Xg=o Nqp—Npp

MIoUis the continuous comprehensive image division assessment list since it is staggeringly

specialist, viable, and brief. Appropriately, MloU is used as the examination's fundamental
assessment metric.
3-10 ResNet: There have been a couple of upgrades in the field of PC vision during the last two
or three years. In particular, inferable from the improvement of solid Convolutional cerebrum
networks that produce first-rate results for troubles like image arrangement and affirmation.
Consequently, throughout the span of time, experts have made further mind associations (adding
more layers) to perform such tangled issues while simultaneously further creating plan/affirmation
precision [22]. In any case, it has been found that when extra layers are added to cerebrum
associations, they get more testing to set them up, and their precision begins to ruin and decrease.
In this present circumstance, ResNet can be useful in settling the issue. We will really need to see
more about ResNet and its design here.

Exactly when the fragmentary subordinate of the mix-up capacity in regards to the continuous
weight is copied by n in each getting ready accentuation during back spread, this builds n of these
little/gigantic numbers to handle slants of the "front" layers in a n-layer network when the
association is significant, and copying n of these little numbers evaporates when the association is
significant (zero). Expanding n predominantly ends up being prohibitively expensive when the
association is immense (exploded). This shows that there is a 20-layer structure, which is yellow,
and the extra 56 layers are the test botch association. The testing bungle that is presented here is
two plots, similar to the test mix-up, and this plot interfaces with testing and getting ready [23].
Hence, the test bumble for the plots given here is two plots. This outline is appropriate to organize

testing and planning strain.
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3-11 Remaining Block: The essential thing that a stand separates is the presence of a prompt

association that evades explicit levels (may differentiate between models). To address the
vanishing/exploding issues, a skip/simple course affiliation is familiar after several layers with

interface the data x to the outcome, as seen underneath.

F(x)

relu
X

weight layer identity

F(x) + x rell

Figure 4: Remaining Building Block

It is different part mappings as a data and result is known as. (x) Similarly, therefore, we can
skirt two levels. Likewise, the commitment from that particular layer is moved to the consequences
of the convolution layer. So, our outcome H(X) is true of f(x) +c input. The formulation of F(x)+x
can be realized by feedforward neural networks with “shortcut connections” (Figure 4).

H[x] = F[x] +x
Flx] =H[x] —x

We explicitly let these layers fit a residual mapping. Formally, denoting the desired underlying
mapping asH(x), we let the stacked nonlinear layers fit another mapping of F(x):= H(x) - x. The
original mapping is recast into F(x) + X. We hypothesize that it is easier to optimize the residual
mapping than to optimize the original, unreferenced mapping.

3-12 ResNet (Residual Network) Architecture: ResNet (Extra Association) Designing:

The image net of RESNET has 152 layers that are 8X more important than VGG's nets and has
fewer limits. VGG-19 is the most cutting-edge advancement that was presented at ILSVRC 2014.
The clear 34-layer association (focus) was acknowledged to be the VGG-19's more significant
association, having a further evolved convolution layer [24]. The major layer 34-layer RENET
(Extra Association) with the thought of a simple course affiliation or skip interface.
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Figure 5: Proposed Architecture

4. Results and Discussion

The methodology used to parcel frontal cortex diseases has been supported by appraisal
estimations, which are by and large utilized in a grouping of definite imaging applications.
Evaluation estimations are relevant to the sub-locales referred to. The suitability of division is
assessed by differentiating it and the division of the ground truth of a comparative image made by
a gathering of radiologists. The Dice Equivalence Coefficient is generally used to choose the
degree of resemblance between two photographs. Expressness, responsiveness, and exactness
assessments are used to review the closeness of images, too. The DSC concludes the level of
consideration that is accessible between the frontal cortex tumors-segmented images and the
genuine image. The TP (certified positive) is the amount of development pixels that can be
unequivocally perceived. The FPS (false certain) is the number of pixels that can be gainfully
perceived from non-development-related ones [17, 23]. The deceptive negative (false negative) is
how many non-development related pixels that are not true form apparent and. The signs of
responsiveness show and expressness, study the reasonability of the proposed development
division system. The precision of the activity is in relationship with the expressness and
mindfulness measures. The maxim "positive expected regard” (PPV) is a proportion of the rate
from the total of both FP and the TP.
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Table 1: Performance Comparison of Proposed Methodologies

Dice Score Specificity Accuracy Precision
Corel En Whole/ Core| En [WholeCorel En |Whole|Core| En (Whole
CNN (Pereira, 2016) |0.890.93 0.85 0.8320.83| 0.83 |0.81|0.83| 0.80 |0.95/0.95/ 0.91

U-Net (Ronneberger, 2015)0.86/0.87| 0.85 |0.80(0.83| 0.82 [0.78/0.879 0.80 ({0.90(0.90| 0.91
Unet-res (Kermi, 2019) 10.91|0.94) 0.86 {0.820.87| 0.88 |0.82(0.85| 0.83 |0.90(0.93/0.921
ResNet (2020) 0.92|0.95 0.85 {0.82(0.90| 0.90 |0.83|0.89| 0.85 |0.96/0.97| 0.91

In this section, we applied our model on the use of the "Psyche Disease Division Challenge
(Pixies) 2020," to arrange mind developments considering X-ray analyses. We overviewed our
model by standing out it from the proposed model by using three particular division procedures:
CNN (U-Net) and U-Net with waiting blocks (Unet-Res). In the above table, we compare the
performance of different neural network models (CNN, U-Net, Unet-res, and ResNet) on
segmentation tasks. The performance is evaluated using four metrics: Dice Score, Specificity,
Accuracy, and Precision across three different segmentation targets (Core, En, and Whole). ResNet
(2020) shows the best overall performance, particularly excelling in Dice Score, Specificity, and
Precision for En and Core segments. Unet-res (Kermi, 2019) also demonstrates strong
performance, especially in Dice Score and Precision. CNN (Pereira, 2016) and U-Net
(Ronneberger, 2015) perform well but generally fall short compared to the more recent models,

particularly in Specificity and Accuracy.

Table 2: Calculating Average Computation Time

Technique | Computation Time
U-NET 344 min
Unet-res 277 min

CNN 151 min
ResNet 63 min

In this above table we compared the average computation time required by various neural
network models (U-NET, Unet-res, CNN, and ResNet) for processing:
Summary of Computation Time:
> U-NET
e Computation Time: 344 minutes
e Insight: U-NET takes the longest time to compute among the listed models.
» Unet-res

e Computation Time: 277 minutes
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e Insight: Unet-res is faster than U-NET but still requires significant computation time.
» CNN

e Computation Time: 151 minutes

e Insight: CNN is considerably faster than both U-NET and Unet-res.
» ResNet

e Computation Time: 63 minutes

¢ Insight: ResNet is the fastest model, taking the least amount of time to compute.
> Results
e ResNet demonstrates the best computational efficiency with the shortest computation
time.
e CNN is also relatively efficient, taking less than half the time of Unet-res.
e Unet-res and U-NET require more computation time, with U-NET being the most time-

consuming.

Analysing and Prediction Brala Tumour Using Deep Learning
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Figure 6: Dice Similarity Graph

In the chart over the x-center tends to the number of cycles used in the planning of the two
models at each rising age, it is evident that the equivalence of the two models among expected
and remarkable images extended, yet ResNet gained resemblance to the first and expected
images, so its score is higher appeared differently in relation to UNET. The graph shows that
the green line tends to be the UNET score while the blue line is the score for RESNET.
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5. Conclusion
Development division is a key part of the treatment of malignancies in any construction.

Significant Mind Associations are convincing division procedures. Regardless, they've gone
up against obscuring incline gives that arise during the time spent learning. This investigation
proposes a response known as" the Extra Association to beat this issue. It is a"character simple
course organization™ in ResNet that permits the slant to be multiplied back to the layers going
before it. To the extent of accuracy and handling time, the procedure defeats existing CNN,
FCN (U-Net), and Un-Res techniques. When appears differently in relation to substitute ways,
the strategy is prepared for achieving an immaterial estimation time running off (on various
occasions more useful). The proposed technique might be utilized to recognize Low-quality
GLIOMAS. The component extraction strategy for LGG frontal cortex developments
incorporates alterations to the model plan or structure settings to give higher division results.
This will extend the exactness, accuracy, and trustworthiness of X-ray based development
division.
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Abstract:

A review of the existing body of literature about azo compounds and their practical
applications. Azo compounds, which include a (-N=N-) group, serve as the fundamental
structure for several produced compounds in different fields of chemistry, particularly
coordination chemistry. These compounds are extensively utilized as coloring agents, as they
account for around fifty percent of synthetic colors. Azo compounds are a significant class of
chemicals with different applications in various fields of life. Due to the wide variety of their
applications, it is essential to possess different synthesis techniques in order to get new azo
derivatives with high yields. The main viable techniques for synthesizing azo compounds are
diazotization and azo coupling reactions. Azo compounds have diverse uses in areas including
anticancer, antifungal, antioxidant, anti-inflammatory, and anti-bacterial activities. In addition,
it has several additional uses such as coloring fiber, printing systems, photo-electronics,

polymer additives, and storage, and providing resistance to solvents, water, light, and weather.

Keywords: Azo Dyes, Diazo Coupling Reactions, Anti-Bacterial, Anti-Cancer, Anti-

Tuberculosis, Anti-Viral, Material Science.
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1. Introduction:

Azo compounds exhibit distinct color features because they have a chromophore group
(-N=N-) attached to aromatic or heterocyclic systems. [1]. Azo days contain at least one
nitrogen-nitrogen double bond, and they can exist in various structural forms [2]. Azo dyes,
being widely used in numerous industries, are the oldest and broadest category of industrially
manufactured organic dyes [3]. Their applications in coloring fabrics, leather, paper, food, and
cosmetic items [4], [5], as well as their applications in biomedical research as well as studies
[6]. Furthermore, it found use in the most advanced fields including laser technology
photodynamic treatment [7], and dye-sensitized solar cells [8]. Diazotization and coupling
reactions are two easy methods for producing these dyes. To increase the dispersibility of the
dye, several approaches and modifications are utilized to achieve the required color properties,
income, and particle dimensions [9]. Azo dyes are the most prevalent category of dyes,
comprising almost 60% of the overall dye composition [10]. Azo dyes constitute nearly 70

percent of the dyes used in the industrial sector [11]. The azo group, represented by the chemical

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

145



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
mailto:zainab.mchs22@nahrainuniv.edu.iq
mailto:wedad.aldahhan@nahrainuniv.edu.iq
mailto:mahdi.shihab@nahrainuniv.edu.iq

Al-Majdi ZR, Al-Dahhan WH, Shihab MS, Nazari MH. / Al-Kitab Journal for Pure Sciences (2025); 9(1):144-163.
e —

formula N=N-, is a chromophore group that gives color to azo dyes. Azo dyes can include a

single or several auxochromic groups, which are functional groups [12]. Azo dyes could exhibit
an enormous variety of colors, including yellow, orange, red, blue, and green. The two nitrogen
atoms have a double bond that allows light in the visible spectrum to be absorbed, which is

what gives the color, namely wavelengths ranging from 400 to 750 nm [13].
2- Material and Methods:

2.1 General Properties of Azo Compounds: The presence of the -N=N- functional group
Is indicative of the presence of azo compounds [14]:

e The structures of aromatic azo compounds are more stable than those of compounds with
alkyl groups because the R groups in these compounds are arene rings.

e This occurs because the arene groups and the (-N=N-) group form an extended delocalized
system.

e The aromatic azo groups are typically employed as dyes due to their high color intensity.

e A diazonium salt and a coupling agent undergo a coupling reaction to produce aromatic
azo compounds.

2.2 Types of Azo Compounds: Azo chromophores are a distinct category of organic

substances that function as colorants. Their basic structural framework is characterized by the
absence of azo groups. The presence of two azo groups is referred to (bis-azo). Compound 2,
specifically known as 6-hydroxy-1,4-dimethyl-2-ox0-5-((4 (phenyldiazenyl) phenyl)
diazenyl)-1,2-dihydropyridine-3-carbonitrile, has two fundamental azo structures.
Occasionally, there might be three groups (tris-azo), four groups (tetrakis-azo), or even more

(poly-azo) under certain circumstances, but this occurrence is rare. See (Figure 1) [15].

s OH
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@@

Figure 1: Chemical structures of azo dyes with different numbers of azo groups [15]

2.3 Diazo Coupling Reactions:

e Inadiazo coupling reaction, the doazonium salt reacts with an additional arene to form
a coupling agent.

e The coupling agent's benzene ring undergoes a reaction with the diazonium salt, which

functions as an electrophile.
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e When a frigid solution of diazonium salt is added to a solution containing the coupling

agent, a colored precipitate of an azo compound is generated; several of these
compounds are used as dyes.

e Usually, the coupling agent works in one of the Benzene Ring's two or four locations
(the functional group is located in position four).

e The color of the chemical produced is contingent upon the coupling agent that is being
reacted with the diazonium salt, Schemel [16].

® NMez N Me2

® NH; N Ne

> " — /O/ '

NaNO2/HCI
O? 0-5 C, H20 O? 83 S
S
/A //\
Y s
inner salt sodium salt is methyl orange

Scheme 1: Diazo coupling reaction

2.4: Applications for Azo Dyes: Azo dyes are commonly utilized in several sectors like
textile, fiber, cosmetics, leather, paint, and printing. Azo compounds have been shown to
possess antibacterial, antiviral, anti-fungal, and cytotoxic properties, in addition to their

involvement in coloring (Figure 2) [17].

£F
4 oo
Q Pharmaceutical

"' Paper
* Cosmetics

(4’ Textle

A4 Leather
industries

Sources of Azo dyes

Current Oprion in Green and Sustanabie Chemstry

Figure 2: Applications of azo dyes [17]

They possess the ability to act as drug carriers [18]. (Figure 3) may function as a carrier that
captures therapeutic substances or can use a prodrug approach. The administration of the
medication is triggered by either internal or external stimuli specifically inside the area of
interest, as shown in colon-targeted drug delivery. Furthermore, certain azo dyes are used in
cellular staining to examine cellular components and metabolic processes, in addition to their

drug-like qualities and the ability to act as drug carriers (Figure 4) [19].
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Figure 4: Examples Of Sulfonated Azo Dyes That Are Frequently Used to Stain Proteins [19]

Nevertheless, the biological role of azo compounds, specifically in the field of chemotherapy
for cancer, is still in its early stage of development. These findings may be linked to the first
discovery that revealed azo compounds as possible factors in the development of cancer and

mutagenesis. Presently, scientists are investigating aromatic azo compounds to evaluate their
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potential in the realm of biomedicine, namely for the purposes of cancer diagnostics and

treatment [20]. Generally, due to the extensive potential of heterocycle-containing azo dye bk
derivatives in pharmaceutical and drug research, there is still a lack of sufficient information
on their usage [21]. Currently, there is a significant focus on the generation of azo dyes and
their derived compounds that include heterocycles. The reason for this is that these compounds
have shown potent biological activity, like chemosensing properties, analgesic properties,
antibacterial, antifungal, antiviral, anticonvulsant, anti-diabetic, anti-inflammatory, anti-
tubercular, and anticancer DNA binding properties. Herein, we show an overview of the
production of several azo dyes and their by-products including heterocycles. Additionally, we
discuss their potential medicinal characteristics (Figure 5) [22].

P———
NI
N HO N
Y 1]
,N—{/ BN—x “N S—NH

—N

OH Sulfasalazine (5
3-(Phenyldiazenyl)pyridine-2,6-diamine (4) salazine (%) \ /

Figure 5: Chemical structures of azo-based drugs [22]

2.5 Food Industries: Azo dyes provide around seventy percent of all organic dyes produced
worldwide, making them the biggest class of synthetic food colors [23, 24]. Furthermore, it has
been shown that the yellow dyes (tartrazine and sunset yellow) and red dyes (azorubine,
ponceau, amaranth, and Allura red) are the most widely used azo dyes in the food business.
They are often added to jams, candies, confections, ice cream, jellies, alcoholic beverages, soft
drinks, and other goods of a similar kind to provide color. Although widely used, several
investigations have identified specific adverse effects on human health. There is sufficient
evidence indicating that the decomposition of azo dyes produces toxic and carcinogenic
compounds, such as aromatic amines. The relationships between azo dyes, hemoglobin, and
human serum albumin have been verified by recent studies [25, 26]. According to some studies,
youngsters who use artificial food coloring may become more stimulated and active,
particularly if they use it often. Moreover, they could have the potential to lead to the
development of asthma and allergy conditions. Therefore, it is crucial to regulate the levels of

azo compounds in food products (Figure 6) [27].
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Figure 6: Features Of the Azo Compounds Most Utilized in The Food Industrial [27]

2.6 Textile of Azo Dyes: Approximately four decades ago, the pigment known as indigo
was discovered under the wrappings of mummified bodies within Egyptian tombs, marking the
first occurrence of an organic colorant. Every year, the globe produces more than 7,107 tons of
dyestuff, and there are over 100,000 dyes that are available for purchase. Among the many uses
for these dyes, the textile sector accounts for the lion's share, followed by the food and cosmetics
industries, and paper printing [28]. Synthetic organic dyes, including processing dyes, reactive
dyes, and direct dyes, are now the mainstay of the textile industry. The term "natural dye"
encompasses any colorant derived from elements found in nature, including but not limited to
plants, animals, and minerals. In order to apply non-substantive natural dyes to textiles, it is
necessary to utilize mordants, which are usually metallic salts. These mordants exhibit a strong
attraction to both the dye and the fiber [29]. The textile processing industries are the primary

users of synthetic dyes, which are widely employed in other sectors. (Figure 7) [30].
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Figure 7: Azo Dyes in Textile Industry [30]
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Perkin was a trailblazer in the production of synthetic organic dye, namely mauve, as far

back as 1856. In 1871, Wolfe created the first synthetic organic dye by using nitric acid to
process the natural color indigo, resulting in the production of picric acid. Since then, a plethora
of other chemical dyes have been included in the ever-growing collection of dyes [31]. The
textile sector utilizes around 70 percent of all dyestuffs. When dying or printing on cotton, you
must use reactive dyes, vat dyes, or azo dyes. At approximately 21% of the total, disperse dyes
make up the biggest category in the industry. There is a 16 percent share for direct dyes and an
11 percent share for reactive dyes in the market. One common way to categorize textile dyes is
by the chemicals they contain, but another is by the many purposes they have in the textile
industry (Figure 8) [32].
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Figure 8: The chemical compositions of the textile dyes that were investigated are as follows: (A) reactive
blue 2 (anthraquinone dye); (B) reactive green 19 (azo dye); (C) diffuse red 1 (azo dye) [32]

2.7 Azo Dyes in Material Science: Azo dyes possess high photosensitivity and demonstrate
both linear and nonlinear optical characteristics. These properties are utilized in the
development of optical storage devices, semiconductors, photovoltaic cells [33], holographic
recording using azo dye-doped polymers [34], optical computing [35], and dye-sensitized solar
cells [36]. Researchers Asif et al, conducted a study on five azo dyes, namely Direct Red 111,
Acid Orange 5, Food Yellow 6, Metanil Yellow, and Acid Orange 61. Their electrical and
nonlinear optical characteristics were determined using DFT. They exhibited three clearly
differentiated categories of azo dye: two with an acidic nature and one with an alkaline nature.
The introduction of a proton to the dye greatly amplifies the nonlinear optical response. It is
crucial that optical characteristics not be linear for optical data processing devices, modulators,

ultra-fast optical switches, sensors, and high-density optical storage systems [37]. The great
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optical and thermal properties, together with the excellent photosensitivity and photo-

iIsomerization capabilities, of azo dyes have led to their usage in recording devices and high-
density optical storage [38]. Azo dyes possess desirable optical, thermal, and electrical
characteristics, making them appealing for use in dye-sensitized solar cells (DSSCs).
Additionally, they exhibit robust chemical stability. Azo DSSCs have higher priority over
standard semiconductor photovoltaic cells because they are more cost-effective, readily
accessible, and exhibit greater efficiency. When an azo dye molecule is excited, it undergoes
oxidation, which increases its conductivity by bringing one electron into the conduction band.
The electrolyte's iodide content makes it easier for electrons to get through, which oxidizes the
dye molecule. The oxidized dye molecule is then restored to its initial form by reduction by
triiodide [39]. Louis et al, have examined C.l. Disperse Yellow 56 (DA, DB, DC), a
commercially available dye, and two mono azo dyes derived from 1-nitroso-2- and 2-nitroso-
1-naphthol (Figure 9). The optical properties, energy band gaps, and charge transfer electron
excitation of these dyes were the primary areas of investigation in the research. According to
the findings, the excited state of the dyes resides above TiO2's conduction band and has the
potential to swiftly introduce electrons into the semiconductor. To get the best possible
photocurrent response, the chosen molecules must have high light-harvesting efficiency (LHE).
The best result (0.7308 for dye DC) is shown by acetone. The results of this study, the dyes
exhibit favorable characteristics and might potentially be used as photosensitizers in DSSC
[40]. In DSSC devices, azo dyes have shown very high conversion efficiencies. Because of their
high molar extinction coefficient, ease of synthesis, and lack of environmental effect, these dyes
have various benefits over other photosensitive compounds. They also include an azo (-N = N-
) chromophore [40].
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Figure 9: Azonitrobenzaldehyde Derivatives [40]

2.8 Antibacterial Azo Dyes: Antimicrobial efficacy, which involves combating
microorganisms and inhibiting their growth, depends entirely on the presence of chemicals that
accomplish this discreetly and without causing substantial harm to surrounding tissues.
Antimicrobial compounds may be classified as either bactericidal or bacteriostatic, based on

whether they have the ability to kill bacteria or only inhibit their growth. The increasing
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resistance of germs to antibacterial treatments is causing significant health consequences. This

problem motivates research aimed at identifying new chemicals that can efficiently inhibit
bacterial growth. Azo dyes exhibit strong antibacterial efficacy and can either kill or prevent
the growth of microorganisms, making them bactericidal or bacteriostatic, respectively, through
their specific mechanisms of action [41]. Studying the in-vitro antibacterial properties of
oxazolone azo dyes against certain gram-negative and gram-positive bacteria, Fawzia et al,
examined Streptococcus pneumoniae, Bacillus subtilis, Pseudomonas aeruginosa, and
Escherichia coli. As standards, Ampicillin and Gentamicin were used in the agar diffusion
technique to determine various amounts. When contrasted with the reference medications, the
findings demonstrated that the dyes showed encouraging promise. The investigation revealed
that the oxazolone azo chromophore derivatives were effective against both gram-positive and
gram-negative bacteria, with moderate to high efficiency against Streptococcus pneumonia and
Bacillus subtilis, respectively. On the other hand, gram-negative bacteria, such as Pseudomonas
aeruginosa, were not effectively combatted by them [42]. These creative azo dyes, namely 3-
[(E)-(4-hydroxyquinolin-5-yl) diazenyl], were developed by Shoukat et al. Its molecular
formula is  4-[(E)-(4-hydroxyquinolin-5-yl)  diazenyl]-4-methylbenzoic  acid-(a).6-
Methoxybenzoic acid-(b) is the name of the chemical. Diazenyl, 4-[(E)-(4-hydroxyquinolin-5-
yD]\ Trimethylbenzoic acid-(c),5-[(E)-(4-hydroxyquinolin-5-yl) diazenyl is the chemical name
of the substance. A combination of amino-methylbenzoic acid and 8-hydroxy quinoline is used
to create 2-methylbenzoic acid-(d). Using the disk diffusion technique and Amoxycillin as the
reference medication, the antibacterial activity of the azo dyes is next evaluated against
Pseudomonas Aureus and Streptococcus Aureus. Furthermore, their ability to inhibit the growth
of Fusareum Oxyporum is assessed by means of the cup plate technique, with fluconazole
serving as the reference antifungal medication. The outstanding antimicrobial capabilities and
accessible availability of azo dyes make them a preferred ingredient in compounds with

antibacterial and antifungal properties. On top of that, they are inexpensive and easy to prepare

(Figure 10) [43].
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Figure 10: Amino-Methyl Benzoic Acid Derived Azo Dyes [43]
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2.9 Antiviral Azo Dyes: The development of antiviral treatment is challenging due to the

fact that viruses are intracellular parasites that depend on their hosts for energy, machinery for
macromolecular synthesis, and workstations for genome replication and particle assembly [44].
There are two main methods for developing antiviral drugs: one is to focus on the elements of
the host cell, while the other is to directly target the viruses. Antiviral drugs that specifically
target viruses include uncoating inhibitors, polymerase inhibitors, protease inhibitors,
nucleoside and nucleotide reverse transcriptase inhibitors, and integrase inhibitors. A plethora
of therapies have been devised to counteract herpes viruses, and influenza, as well as innovative
antiviral drugs for the control of hepatitis C infection and HIV. Experimental research has
shown that azo dye has promise as a prospective antiviral treatment. Its mechanism of action
involves the suppression of pathogen proliferation, interference with protein production, and

prevention of viral attachment to host cells (Figure 11) [45].

Inhibition of viral uncoating

entry/fusion inhibitor

h ide and
reverse transcriptase inhibitor
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Figure 11: General Antiviral Action of Mechanism [45]

Research on human enteroviruses, including EV71, CVAL6, and CVAG, was carried out by
Meng et al. The primary focus of the research was to determine whether or not brilliant black
bn, a sulfonated food azo dye, might limit the infection of these viruses in both laboratory and
in vivo conditions. Among children in particular, these human viruses are very contagious and
cause hand, foot, and mouth illness. Scientists have discovered that several sulfonated azo dyes,
which are often added to food, have potent antiviral properties when tested against human
enteroviruses. The capacity to efficiently inhibit all tested strains of CVA16, CVAG, and EV71
was proven by brilliant black BN (E151) and others. E151 and other azo dyes used in food
prevented the virus from entering. The release of related viruses was dose-dependent, and dye
E151 reduced the binding of EV71. An essential component of the virus's uncoating process,
E151 blocked the interaction between EV71 and cyclophilin A. Animal studies shown that
AG129 mice were protected against EV71 isolates 10 times the fatal dose when given E151 at
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a dosage of 200 mg/kg body weight daily during the first four days of the trial. Taken as a

whole, these findings suggest that E151 may effectively combat EV71 infections. The study

focused on the synthesis compounds of the azo series (Scheme 2) [46].
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Scheme 2. Synthesis scheme of azo compounds A1-A5

Diazonium salt solutions were coupled with active methylene compounds (1,3-dioxolane
and benzimidazole) to produce the compounds listed in the title. This reaction resulted in the
formation of [(E)-1-(1,3-dioxolan-2-yl)-2-phenyldiazene] (Al), [(E)-1-(1,3-dioxolan-2-yl)-2-
(4-methyl-phenyl)diazene](A2), 2-[(E)-phenyldiazenyl]-1H-benzimidazole](A3), [(E)-1-(1,3-
dioxolan-2-yl)-2-(4-ethylphenyl)  diazene](A4), and [(E)-1-(1,3-dioxolan-2-yl)-2-(2
methylphenyl)diazene] (A5). Utilizing spectroscopic methods, particularly electron ionization
mass spectrometry (EI-MS) and Fourier transform infrared spectroscopy (FT-IR), the molecular
structures of the recently produced substances were ascertained. In vivo techniques were used
to test compounds against the HIN2 strain of avian influenza and the Lasota strain of Newcastle
disease. At a concentration of 0.1 mg/100 uL, the assessment results showed that azo dyes A5
had the strongest anti-NDV and anti-AlV action. Alternatively, when tested at the same doses,
the other azo compounds showed reduced activity [47].

2.10 Antitumoral and Anticancer Azo Dyes: Cancer and tumors arise due to abnormal
proliferation of cells. Chemotherapy, a commonly used cancer therapy, is cytotoxic and works
by inhibiting the growth of cancer cells. Azo dyes have been shown to exhibit cytotoxicity and
possess anticancer effects. In vitro, assays are performed to evaluate the antitumoral properties
of azo dyes and determine their effectiveness and potential in suppressing tumor growth. This
is achieved by reducing the synthesis of DNA, RNA, and proteins inside the cells [48].
Conventional procedures were used to synthesize a set of novel azo dye derivatives (Scheme
3) using pyrano-quinolinone as the initial substance. The synthesized compounds underwent

spectral analysis to determine their chemical properties and were then tested for their anticancer
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effects on many human tumor cell lines, examples of cancer cell lines are HepG2 for liver

cancer, HCT-116 for colon carcinoma, and MCF-7 for breast cancer. 5-fluorouracil served as a
reference medication. The in vitro cytotoxicity screening findings showed that all of the
substances tested had significant action against MCF-7 cells. Compounds 6a and 6b have shown

exceptional efficacy against three different types of human tumor cell lines [49].
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Scheme 3: Synthesis of Compounds 6a, b

The diazo coupling of diazonium salts of 3-substituted-2-amino-4,5,6,7-
tetrahydrobenzo[b]thiophenes 1a-c with 3-methyl-1H pyrazol-5(4H)-one, 3-methyl-1-phenyl-
1H-pyrazol-5(4H)-one, or 3-amino-1H-pyrazol-5(4H)-one, respectively, was used to
synthesize a series of thiophenes 5a-f and 6a-c that incorporate pyrazolone moieties. The color
measurements and fastness qualities of recently synthesized dyes were evaluated when applied
as dispersion dyes on polyester fabric. When compared to aniline-based azo dyes, they have a
high extinction coefficient and a color shift from red to blue. The synthesized colors were tested
for their anticancer effects. Compounds 5c¢ and 5d exhibited a moderate degree of activity,

whereas the bulk of them showed good activity, according to the data. (Scheme 4) [50].
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Abdalla et al, achieved research on the biological activity of new chelates made from

sulfamerazine-resorcinol azo-dye. These chelates were either mono- or homo-bi-nuclear in
structure. The chelates were produced by the reaction between sulfamerazine diazonium salt
and resorcinol. The investigation revealed that these compounds had potent antibacterial and
antitumoral properties, particularly when they formed complexes with anticancer drugs. Out of
all the produced complexes, the Ni (I1) molecule showed notable promise in suppressing the
development of human liver cancer, as assessed in the study [51]. By using NaNO2/HCI, a
diazotization procedure was carried out on a series of 4-(1-azolyl) aniline derivatives that
included azole groups such as benzimidazole, 3-methylpyrazole,4-methylpyrazole, pyrazole,
and imidazole. A series of aromatic molecules, including N, N-dimethylaniline, 2-naphthol, 8-
hydroxyquinoline, and phenol, were further reacted with the diazonium salts to get the related
azo compounds. Some of the items were tested for their antibacterial activity against both
Gram-positive (Staphylococcus aureus, ATCC 25923) and Gram-negative (Escherichia coli,
ATCC 25922) bacteria. Additionally, they exhibited anticancer characteristics against MCF7

breast cancer cells in laboratory tests performed on a variety of items (Scheme 5) [52].
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Scheme 5: Steps For Preparation of Azo Derivatives

2.11 Antituberculosis Azo Dye: Tuberculosis is an extremely perilous illness that presents
a significant global challenge. Thus, in order to identify a potent medication, the process of
synthesizing hydrazone ligands and forming metal complexes with Co (I1), Ni (I1), Cu (1I), and
Zn (1) were conducted. These compounds were extensively examined utilizing a variety of
spectroscopic and analytical methods. The confirmation of the geometry octahedral of the
complexes was achieved via spectrum analysis. In addition, the compounds (1-10) were tested
for their effectiveness in controlling tuberculosis (TB) formation in a laboratory setting. The
results showed that complexes (6), (9), and (10) had the highest potency, with a MIC value
ranging from 0.0028 + 0.0013 to 0.0063 + 0.0013 pmol/mL. Among these complexes, the
Zn(11) complex (10) was particularly effective, with a MIC value of 0.0028 + 0.0013 pmol/mL.
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In fact, it was nearly four times more effective in suppressing TB disease compared to

streptomycin, which had a MIC value of 0.0107 + 0.0011 pmol/mL. The antibacterial and anti-
inflammatory evaluations demonstrated that the complex (10) exhibited higher activity, as
shown by its lowest MIC (0.0057-0.0114 pmol/mL) and IC50 (7.14 + 0.05 uM) values, which

are equivalent to those of the standard medicines (Scheme 6) [53].
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Scheme 6: Synthesis of (HL'-HL?) hydrazone ligands (1-2) and their transition metal complexes (3-10)

A study was done to evaluate the connections among the structure and activity of several
triclosan azo-adducts against both Mycobacterium TB and non-tuberculous mycobacteria. The
most potent molecule in the series had activity that was fourfold higher than triclosan and
sixteenfold higher than rifabutin against drug-resistant Mycobacterium abscessus. Furthermore,
this chemical exhibited lower toxicity towards human macrophages compared to triclosan on

the first day. Furthermore, one of the azo-adducts demonstrated a twofold increase in potency
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against M. tuberculosis in comparison to triclosan, and a twofold increase in efficiency against

Mycobacterium marinum in comparison to isoniazid. Furthermore, the synthesized azo-adducts
have shown comparable efficacy against M. abscessus strains that exhibit overexpression of
InhA. This implies that these chemicals operate via a distinct mechanism, as shown in Scheme
7 [54].
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The pharmacological activity of a set of azo dyes (C1-C5) generated from benzothiazole was
evaluated against Mycobacterium TB. The efficacy of colors (C1-C5) against Mycobacterium
TB (H37 RV strain) was assessed using the microplate Alamar Blue Assay (MABA) technique.
The findings were compared to those obtained with the conventional therapy of streptomycin.
The results of the anti-TB activity tests show that compounds C1, C2, C3, and C5 showed
comparable sensitivity to the standard streptomycin (MIC = 6.24 g/mL) and also showed
significant sensitivity (MIC = 1.6 g/mL). Compound C4, a chemically synthesized dye, stands
out due to the presence of an ethoxy group at the 6th position of the benzothiazole molecule.
The minimal inhibitory concentration (MIC) is 3.2 grams per milliliter (g/mL) (Figure 12) [55].
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Figure 12: Coumarin-Benzothiazole Based Azo Dyes [55]
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3. Conclusions

Azo dyes are now the most produced dye chemistry, and they may become much more
significant in the future. Azo dyes are often employed in a wide range of industries, such as the
textile, leather, food, pharmaceutical, paper, and cosmetics sectors. They make up around half of
all synthetic dyes. Additionally, azo dyes have found the widest use, as seen by the findings in this
research, since they are simple to synthesize via the reaction of an azo coupling component that
contains atom-active hydrogen bonded to a carbon atom. This reaction is explained by the electron-
rich electrophilic aromatic substitution mechanism. About 60% of the synthetic hues created are
produced using this method. Azo dyes are substances with intense colors that result from the azo

coupling reaction of aromatic amines, phenols, or naphthols with diazonium ions.
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Abstract:

Let R be a finite commutative ring with a non-zero unit, and L be an ideal of R. focuses on
expanding the notation of the Zero Divisor Graph to create what is known as the Ideal-Based
Zero Divisor Graph. The main goal is to classify rings using the ideal-based Zero divisor graph
that consists of 9 vertices and symbolizes (I'L(R)) by using the properties [V(I'L(R))|=|L|.[V((T'
(R /L))|, [L]>2.

Keywords: Zero Divisor Graph, Ideal-Based Zero Divisor Graph, Direct Product, Finite
Ring, Local Ring.

(Immediately after the abstract, provide 5-7 keywords and arrange them alphabetically, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, ‘and’, ‘of’). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible. These keywords will be used for indexing purposes).
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1. Introduction:

Let R be acommutative ring with identity and Z(R) the collection of all zero divisor elements
in R. The polynomial ring R[X] is defined to be the set of all formal sums ap+ a; X+...+anXn+
an+1Xn+1 +...= X aiX;, where the coefficients a; €R for i=0, 1, 2, ...n, n+1, ... When working
with polynomial rings, say R[X]/L, we will let X denote the coset X+L. It is well-known that
any finite ring R is a direct product of local rings R; for i=1, 2, ..., n.

In 2003, SP. Redmond [1]introduced a new definition called an ideal-based zero-divisor
graph, denoted by I'; (R), which is defined as a statement in which the vertices, r,,7, € R — L
are adjacent if, r,. 7, € L, where L is an ideal of R. This definition generalizes the zero-divisor
graph proposed by D. F. Anderson and P. S. Livingston [2], which has the vertices, r;, 1, €
Z(R)*. adjacent if and only if ;. 7, = 0, which is denoted by I'(R). IfL = 0 then I'L (R) =T (R)
and I'L(R) = @ if and only if L is a prime ideal of R, additionally, I'L (R) is a connected graph.
[3] The study of algebraic graphs, which is considered a modern and important topic linking the
theory of rings in abstract algebra and graph theory, has received wide attention from
researchers, for example, [4,5,6].

Clearly, every ring has I';(R) graph, and if R1 = Rz, then I't(R1 ) = T'L(R2 ), but the convers
is not true in general as well as there are T'L(R1) = I't(R2 ),but R1 % R2. Redmond proved the
following relationship: |V (I}, (R)| = |L] - |[V(I'(R/L))| and |L| = 2. Using this mathematical
expression, researchers in [7,8] were able to find all rings corresponding to the ideal L with the

number of vertices n, where 1< n< 7 or n is a prime number. In this work, we used this
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relationship to classify a ring when an ideal-based zero divisor graph with vertices 9. In [2] it is

provided that I'(R) is connected, if R is an integral domain, then I"'(R) is empty, I'(R) has - finitely
many vertices if, either R is finite or an integral domain, diam (I" (R)) < 3 [9,10] Gan and Yang
presented the Zero-divisor graphs of MV-algebras
2.Ring | V(I'(R))| =9
In this section, we give all possible rings with [V(T'L(R))| =9.
2.1 Remark: We consider when a non-trivial I'L(R ) is the graph on 9 vertices since |
V(IL(R)|=[V(I'(R /L) | L]and | L|> 2 we get two possibilities :-
1- |[L|=9and [V (I (R /L)| =1.
2- |[L|=3and [V (T (R/L) =3.
2.2 Proposition: When Ris a ring with | I'.(R) | = 9, then R is nonlocal ring
Proof: We impose R to be a local ring with | TL(R ) | = 9, therefore by remark 2.1 there are
two cases:
Case 1: If|L|=9 and |V (I' (R /L) | =1, then by [11,12 ], R/L = Zs0r Z2[A] / (A?) and so
|(R/L) | =4 which implies that |R| =9.4=36, but R local which is a contradiction.
Case 2: If|L|=3 and | V(T'(R/L) | =3, then by [4,12] R /L= Zs, Z2[A]/(A%), Z2[A,B]/(A,B)?,

Za[A)(A2,2A), Z4[Al/(A? - 2,2A) or Fo[A]/(A?). If R/ L = Zs, Zo[A)(A3), Zo[A,B]/(A,B)?,
Z4[A)/(A%,2A) or Z4[A]/(A%- 2,2A) then | (R /L) | =8 therefore| R |=24, but R local which is a
contradiction. When R/L = F4[A]/(A?), the order | R/L| = 16, therefore | R |=48, but R local
which is a contradiction. So R is not local.

2.3 Theorem: let R be isomorphic with R1X Rz, when Ry, R2 will be local rings and [V(I'L(R

)) |=9, therefore R isomorphic to one of 12 rings with corresponding ideal L from Table 1.

Table 1: R isomorphic with R1X R>

Ring Ideal Figure
Zo X Z4 Zg9 X (0) Ko
Zo X Zo[A) (A? Zo X (0) Ky
Z3 [A)(A?) X Z4 Z3 [AJ(AY) X (0) Ko
Zs [AV(AY) X Z5[AJ(A?Y) Zs [AJ(A?) X (0) Ko
Zo X7 (3) x (0) 1
Z3 [A)(A?) X Z» (A) X (0) 1
Zs X 73 (0) X Z3 Kg
Z4[AV(2A, A?) X Z3 (0) X Z3 Ko
Z, [AJ/(A®) X Zs (0) X 7 2
Z> [A,BJ/(AB)* X Z3 (0) X Z3 Ko
ZJ[AJ(2A, A%-2) X Z3 (0) X Z3 Ky
Fa[A]/ (A?) X Z3 (0) X Z3 Ks
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Proof: If|L|=9and |V (I' (R/L)| =1, then (R /L )= Z4 or Z;[A]/ (A% so that |R | =36, then |R4|=

9and| Rz =4 soR1=7Zy or Z3 [A]/(A?) and R,= Z,, or Z, [A]/(A?), then R isomorphic one of 4 rings

with corresponding ideal L from Table 2.

Table2: |[R|=36

Ring Ideal
Zo X Zs Zs X (0)
Zy X Z5[AY (A?) Zs X (0)
Z3 [AlI(A?) X Z4 Zs [AJI(A%) X (0)
Zs [AJ(A?) X Zo[AY (A?) Zs [AJ(A%) X (0)

IfIL| =3and [V (I' (R /L) | =3, then by [4,5] R /L = Zs, Zs, Z2[Al/(A%), Zo[A,B]/(A,B)?,
Z4[AJ/(A%,2A) , Z4[A]/(A? - 2,2A) or F4[A]/(A?) .
If (R /L)= Zs, then|R|=18,|R1|=9, and | Ry = 2 then R1= Z4 or Z3[A]/ (A?) and R, = Z, . Hence R

isomorphic one of 2 rings with depending on the ideal L from Table 3.

Table 3:|R|=18

Ring Ideal
Zo X 7, (3) X (0)
Zs [AlI(A?) X Z2 (A) X (0)

Now, when R /L= Zs, Zj[AJ/(A%), Z[AB)/(AB)? ZiJAJ/(A?2A), or Zij[AJ/(A%—2,2A), then

|R|=24, and we get | R1| =8, | R2| =3, then R will be one of 5 rings with corresponding ideal L from

Table 4.
Table4: |R|=24
Ring Ideal
Zo [AN(A®) X Zs (A) X (0)
Zg X Z3 0) X Z3
ZAVQAN) X Zs (0) X Zs
Z2 [AIIA®) X Zs (0) X Z3
Z> [ABJ((AB)* X Zs 0) X Z

When R /L = F4[A]/(A%), we have | R/L | =16, so | R | = 48 where |R 1| = 16, then Ry
isomorphism of one 18 rings from Table 5 and |R 2| =3, R2= Z3, there is only one ring of order

16 it is F4 [A]/(A2), R = F4[A]/ (A2 X Zs, with | = (0) X Z 5.
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Table5: |R|=16

Ring

F2[A)/(A%

Z,[A]/(A%-2)
Z,[A]/(AZ-2A-2)
Z,[A]/(AZ-2A)
Z,[A]/(A%-2,2A)
F2[A,B]/(A% AB,B?)
F.[A,B]/(AB,A? -B?)
F2[A,B]/(A%,B?)
Z,2[A,B]/(A%,AB- 2,B?)
Z4[Al/(A?)

Z,[AB]/(A% - 2,AB,B?2A)
Z4[Al/(A° 2A)

Zg[Al/(A* — 4,2A)
Zs[Al/(A*2A)
Z4[ABJ/(A,B,2)?
F2[A,B,CJ/(A,B,C)?
Z,[AB]/(A%-2,AB,B? - 2,2A)
Z16

Figure 1 Figure 2

Figures 1 & 2: Ideal-Based Zero Divisor Graph with Vertices 9
2.4 Theorem:

When R = R1X R2 X R, where R local ring i € {1,2,3} as well as |[V(I'.(R))|=9;

therefore, R isomorphic to one of 3 rings with depending on ideal L from Table 6.

Table6: |R| =36

Ring Ideal Figure
Zs X 7Z3 X Z; Z3 X Z3 X (o) Ky

Zs X 73 X Z; [AJ(A%) Zs X Z3X (o) Ko

Z3 X Z3 X 7, Zz X (o) X (0) 1
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Proof:

1- Suppose |L|=9and [V (I' (R /L) | =1, we note (R /L) = Z4 or Zo[A] / (A?) sothat |R| =
36, which implies that R=R1X R2X R3, where |R1| =|R2| =3 and | R3| =4, so that R 1 and
Ro =73 ,& Rs=7, or Zo [A]/(A?), then R=Z3 X Z3 X Z, or Zz X Zs X Z» [A]/ (A?)
withL = Z3 X Z3 X (0).

2- When |L|=3and |V (I' (R /L) | =3, we see R /L =Zgor Zsor Z2[A]/(A%), Z2[A,B]/(A,B)?,
Za[A)(A2,2A) , Za[A]/(A? - 2,2A) or F4[A]/(A?).

IfR/L = Zg,then |R|= 18, we have RxR:1X R2> X Rz, wesee|Ri =|R2=3&|R
3|=2. Then R is isomorphic Z3z X Z3 X Z, , withL =73 X (0) X (0).
Butif R /L= Zs, Zo[Al/(A®), Zo[ABl/(A,B)? , Za[Al/(A%,2A) or Z4[A]/(A? - 2,2A) then |R
| = 24, we have R=ZR1X R2X R3, suchthat |R1 =2, |R2=3and | R3| =4. Then R = Z»
X Z3 X Z,0rZs X Z2 X Z2[AJ/(A?) ,withL = (0) X Zs X (0). But R/L % Zs, Z2[A]/(A3),
Zo[A,B]/(A,B)?, Za[A]/(A%2A) or Z4[A]/(A? - 2,2A) we get contradiction.

If G/L = F4[A)/(A?) then | (R/L)| =16, s0 |R | = 48 where |R1| =|R2| = 4and |R3| = 3.
ThenR=Z4 X Zs X Z3, Z2[AI(A%) X Z2 [AlI(A?) X Zs or Za X Zo[Al/(A?) X Zs,
with L = (0) X (0) X Zs. But G/L % Fa[A]/(A%) we get a contradiction.

2.5 Theorem:

If R is isomorphic with R1 X R2 X Rz X ... XRn, where n>4, and R local rings for all i

=1,...,nwith [V(TL(R)) |=9, we get G no isomorphic with any ring

Proof: If n > 5, then by same method in proof theorem 1.4, then we get contradiction. Let n =4,
then by remark 1.1, we have two cases:

Case 1: If|L|]=9and [V (' (R /L) |=1,then (R /L) = Zs or Z2[A) (A% so that R | = 36,
which implies that R= R1X R2X R3 X R4, such that |Ri| = |R2 =3 & | R3] = | R4| =2, s0
that R1 & R2=Z3 but Rs=7Z,,thenR=Z3 X Z3 X Z, X ZowithL = Z3 X Zz X (0) X (0).
But R /L2 Z4 or Z2 [A]/(A?), we get a contradiction.

Case 2: If |L| =3 and [V(I'(R/L) | =3, then R /L = Zg, Zs, Zo[A)/(A®), Z2[A,B]/(A,B)?
Za[A]/(A%2A) , Za[A]/(A% - 2,2A) or F4[A]/(A?). If R /L= Zg, then| R | =18 there is no existence
R of order 18, .. R is isomorphic R1XR2 X R3 X R, we get contradicts. If R/L = Zs,
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Zo[A)(A®), Zo[AB/(AB)? , Z4[A)/(A%2A) or Za[A]/(A? - 2,2A), then |[R | =24 and R=Z>

X Z2 X Z, X Zs with L = (0) X (0) X (0)XZs, but R/Lz Zsor Zo[A]/(A%), Z2[A,B]/(A,B)?,
Z4[A)/(A2,2A), Z4[A]/(A? - 2,2A), we have a contradiction. If R /L = F4[A]/(A?), then |R |
=48. Sothat R=Z> X Z2 X Z3X Za with L = (0) X (0) X Zs X (0). But R /L2 F4[A]/(A?)
contradiction.

3. Results
Ring| V(I'L(R ))| =9 shown in Tables [1-6]

4. Discussion
If R commutative non local ring with identity, I an ideal of R and I';(R) zero divisor graph

with ideal based I and V(I';(R)) = 9, then there are three graphs (Fig 1, Fig 2, K,) realized ring
R with respect ideal /. Additionally, if R direct product n local rings, where n > 4, then no
graph realized R.

5. Conclusions

Finally, we expand the notation of the Zero divisor graph to create what is known as the
Ideal-Based Zero Divisor Graph, in our research we find and classify all rings using the ideal-
based Zero divisor graph that consists of 9 vertices as shown in Tables (1-6) and find the graph
of Ring | V(I'L(R ))| =9 as shown in figures (1,2 ).
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Abstract:

In this study, 15 isolates of Escherichia coli were isolated from patients with urinary tract
infections from Al-Khansa'a Teaching Hospital Nineveh/Iraq from May 2023 to July 2023. The
isolates were studied and diagnosed biochemically. The result of microscopic tests showed
isolates that are short Gram-negative bacilli, and the result of biochemical tests was that the
isolates were positive for catalase, triple sugar iron, indole, methyl red, coagulation enzyme,
fermentation of the following sugars maltose, sucrose, galactose and glucose, while Escherichia
coli isolates showed negative results for urease, VVoges-Proskauer, and citrate tests. The isolates
also showed resistance to all antibiotics used, with high resistance to both ampicillin 100%,
erythromycin 100% and cephalothin 100%. 60% for nalidixic, 53.33% for azithromycin and
53.33% levofloxacin and the lowest resistance rate shown by the isolates to gentamicin was
46.7%.
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1. Introduction:

Urinary tract infections (UTIs) are one of the most common infections in humans across all
age groups, from newborns to the elderly [1]. An estimated 150 million infections occur
annually worldwide [2]. It is the second most common bacterial infection in humans after
respiratory infections. The infection occurs in the urinary tract, whether in the urethra
(urethritis), bladder (cystitis) or kidneys (pyelonephritis). Upper urinary tract infections can be
fatal if bacteria from an infected kidney travels into the bloodstream, a condition known as
sepsis [3]. Escherichia coli is one of the most important members of the intestinal family and
grows as a normal house in the gastrointestinal tract, and it is also considered an opportunistic

pathogenic bacterium as it causes watery diarrhea as well as three diseases outside its natural
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habitat such as meningitis in newborns, septicemia and urinary tract infections, as it causes

about 90% of urinary tract infections. It causes about 90% of urinary tract infections and can
be easily transmitted from the anal area to the urinary tract and bladder and is about 14 times
more common in females than males due to the shorter urethra in females [4]. Some studies
have shown that Escherichia coli resistance is not limited to a specific group of antibiotics such
as Beta-lactam but may extend to several types of antibiotics (quinolones, aminoglycosides,
sulfa compounds, macrolides, tetracyclines, and vancomycin). The characteristic of multiple
resistance to antibiotics is an indicator of the seriousness of infection with these bacteria, when
the infection occurs, the pathogenic bacteria acquire high resistance and sometimes it is silent
[5]. Escherichia coli has multidrug resistance due to its ability to accumulate resistance genes
mostly through horizontal gene transfer, such as the acquisition of genes encoding Beta-lactam
enzymes conferring resistance to cephalosporins, carbapenemases conferring resistance to
carbapenems, 16SrRNA methylase conferring resistance to aminoglycosides, and quinolone
resistance genes by( PMQR) plasmid conferring resistance to quinolones [6]. The main
objective of this study was to isolate and diagnose Escherichia coli bacteria from UTI patients
attending Al-Khansa'a Teaching Hospital and to determine the sensivity and resistanance
isolates to a group of selected antibiotics and compare them with previous studies Furthermore,
it encourages the use of antibiotics that combat microorganisms and implement preventive

measures to minimize the emergence of resistance to these microorganisms

2. Material and methods:

2.1 Bacterial sample collection: Escherichia coli isolates were collected from the urine of
patients with urinary tract infections at Al-Khansa'a Teaching Hospital in Nineveh/Iragq from
1/8/2023 to 1/10/2023. Sterile collection containers were used to collect urine samples early in
the morning. Then 100 microliters of urine were taken and cultured on blood agar and
MacConkey agar and incubated at 37°C for 18-24 hours.

2.2 Culture diagnostics: The phenotypic characteristics of isolated bacterial colonies were
studied after cultivation and purification of bacterial isolates on different culture media, such
as MacConkey agar, Eosin methylene blue, and blood agar (India, Himedia). The study
included aspects such as shape, size, texture, color, edges, and heights of isolated bacterial
colonies [7].

2.3 Microscopic diagnosis: Swabs of bacterial isolates previously grown on MacConkey
agar for 18-24 hours were prepared by Gram technique and then examined under a compound

light microscope using a 100x oil immersion lens [4].
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2.4 Biochemical test of Escherichia coli isolates: Biochemical tests were performed on
bacterial isolates isolated from patients with urinary tract infections and included the following
tests: Catalase [8], methyl red [9], Voges-Proskaur, citrate utilization [10], urease [11],
Coagulation enzyme, Indole [12], triple sugar iron [13] and fermentation of various sugars [14].

2.4 Antibiotic Disk Susceptibility Test: Antibiotic susceptibility test was performed for
ampicillin 25ug, azithromycin 15ug, cephalothin 30ug, erythromycin 10ug, gentamicin 10ug,
levofloxacin 5ug, and nalidixic acid 5ug (Turkey, Bioanalyse). Using the Kirby-Bauer disk
diffusion method according to Clinical and Laboratory Standards [15]. Pure single colony
isolates were selected using a sterile inoculation loop and inoculated into a 5ml tube of sterile
water, and then the turbidity of the bacterial suspension was matched with the turbidity standard
(McFarland's 0.5 standard). A sterile cotton swab was dipped into the bacterial suspension to
thoroughly culture the plates containing Muller-Hinton agar (India, Himedia). Using sterile
forceps, place the tablets on the surface. The plates were then incubated for 24 hours at 35°C.
The susceptibility pattern was then determined by measuring the zones of inhibition in

millimeters [16].

3. Results:

3.1 Phenotype diagnostics: The bacterial isolates were diagnosed based on their
morphological characteristics observed after cultivation in different media. The results revealed
that Escherichia coli is capable of fermenting lactose, as it formed smooth, shiny, pink colonies
on MacConkey agar, indicating its ability to ferment lactose and produce acids. The isolates
also produced metallic green colonies on Eosin Methylene Blue (EMB) agar, which is a
characteristic feature of this bacterium. On blood agar, the colonies appeared round, shiny, and
transparent, reflecting the typical growth characteristics of E. coli on this medium. These
morphological features serve as an important basis for the preliminary diagnosis of these
bacterial isolates in the laboratory Figure 1.

3.2 Microscopic diagnostics: After a swab was taken from a single colony on an 18-24 hour
old MacConkey agre and stained with gram dye, the bacteria appeared as short bacilli negative
for Gram dye and non-spore-forming Figure 2, these results agree with the results of the
researcher [4].
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Figure 1: Escherichia coli colonies (Phenotypic diagnosis)
A: Colonies of pink Escherichia coli bacteria on MacConkey agar
B: Green Escherichia coli colonies with a metallic luster on Eosin methylene blue aga

Figure 2: Microscope image for Escherichia coli bacteria stained with Gram stain

3.3 Biochemical diagnostics: Biochemical tests were performed on all bacterial isolates and
the results are shown in Table 1 and Figure 3 It was found that all isolates were positive for the
catalase test, it was negative for the urease test as there was no change in the color of the
medium, isolates gave a positive result for the fermentation test of sugars such as sucrose,
galactose, maltose and glucose and positive for the triple sugar iron test.

Tablel: Biochemical Teasts Diagnosis of Escherichia coli
Results Teasts

Catalase +
Urease -
Sucrose +
Galactose +
Maltose +
Glucose +
+

+

+

Triple sugar iron
Indole
Methyl red
Voges-Proskauer -
Citrate -
Coagulase enzyme +

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

176



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Abbas ZB & Hussein HF. / Al-Kitab Journal for Pure Sciences (2025); 9(1):172-182.
EE,———

As for the results of the tests of the IMVIC group, the bacteria were positive for both the

indole test. A positive result for the methyl red test, where it was observed that the color turned
red,. As for the vogs- Perskauer test, the isolates gave a negative result where the medium
appeared yellow and brown. For the citrate test, the medium did not turn blue-green, the isolates
gave a negative. The isolates were positive for the coagulation enzyme test as a result of a clump
appearing on the plasma droplet placed on a sterile glass slide within 10 seconds when a pure

colony of bacteria was placed on It.

control

= il |
~ Citrate utilization_4

\/oges proskauer;

Figure 3: Biochemical tests for E. coli bacterial isolates
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3.4 Antibiotic Disk Susceptibility Test: The results of the antibiotic susceptibility testing
of bacterial isolates, interpreted according to the Clinical and Laboratory Standards Institute
(CLSI) 2024 guidelines [15], showed that all Escherichia coli isolates exhibited multi-drug
resistance. The findings revealed that 15 isolates (100%) were resistant to the antibiotic
Ampicillin, and 15 isolates (100%) were resistant to the antibiotic Cephalothin. Additionally,
15 isolates (100%) were resistant to the antibiotic Erythromycin, and 9 isolates (60%) were
resistant to Nalidixic Acid. Twenty-one isolates were resistant to the antibiotic Azithromycin,
while 8 isolates(53.33%) were resistant to Levofloxacin. The lowest resistance rate was
observed for the antibiotic Gentamicin, with a resistance rate of 7(46.7%), Table 2 and Figure

4.

Table 2: Antibiotic sensitivity pattern of Escherichia coli isolates.

Antibiotic Code concentration . o Intermediate Sensitivity
Resistant n(%) n(%) n(%)
Ampicillin AM 25 15(100%) 0 0
Azithromycin AZM 15 8(53.33%) 0 7(46.67%)
Cephalothin KF 30 15(100%) 0 0
Erythromycine E 10 15(100%) 0 0
Gentamycin CN 10 7(46. 7%) 2(13.3%) 6(40%)
Levofloxacin LEV 5 8(53.33%) 2(13.3%) 5(33.33%)
Nalidixic acide NA 30 9(60%) 4(26.7%) 2(13.3%)

Figure 4: Testing the sensitivity of E. coli isolates to antibiotics.
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4. Discussion

Escherichia coli bacteria are capable of fermenting lactose, leading to the formation of pink
colonies on MacConkey agar, which contains bile salts and crystal violet dye. This composition
allows the growth of Gram-negative bacteria, such as members of the Enterobacteriaceae
family, while inhibiting the growth of Gram-positive bacteria [17]. On the other hand, the shiny
green colonies on Eosin-Methylene Blue agar result from the presence of eosin and methylene
blue dyes that precipitate in the acidic medium after binding with certain substances. This
reaction gives the colonies a metallic green sheen, indicating that the bacteria have produced
organic acids as a result of fermenting lactose and sucrose [12]. Garding the biochemical tests,
all isolates were positive for the catalase test, indicating their ability to break down hydrogen
peroxide into water. As for the urea test, the results were negative, as the isolates were unable
to utilize urea due to the absence of the urease enzyme. The isolates were also positive for the
test of the Triple sugar iron, glucose, maltose, galactose, and sucrose, as they demonstrated the
ability to ferment these sugars. Regarding the tests of the enteric group, which distinguish E.
coli from other genera of the Enterobacteriaceae family, the results were positive for the indole
test, where a red ring appeared on the surface of the medium in the alcohol layer isoamyl, due
to the breakdown of the amino acid tryptophan by the enzyme tryptophane. The results were
also positive for the methyl red test, where the color changed to red due to the bacteria's
fermentation of glucose. On the other hand, the result was negative for the VVoges-Proskauer
test, indicating that the isolates could not convert glucose into acetyl methyl carbonyl.
Additionally, the result was negative for the citrate test, as the isolates did not use citrate as a
sole carbon source, and therefore, the color of the medium did not turn bluish-green due to the
absence of the citrate permease enzyme [10,11,12].

As resistance to ampicillin Beta -lactam antibiotics reached 100%, consistent with the
results of the researcher Al-Saadi which reported 100% resistance of isolates to ampicillin,
Several studies have shown that 90% of E. coli are resistant to beta-lactam antibiotics due to
the secretion of Beta-lactamase [18]. The bacterial isolates showed high resistance to the
Cephalothin (100%) and were close to the results obtained by the researcher Ait-Mimoune et.
al,. where the percentage of resistance of isolates to the antibiotic Cephalothin amounted to
(85%) while there are high levels of resistance to ampicillin, tetracycline and cephalothin
among E. coli and this may be related to the high rate of prescribing these antibiotics in the
treatment of urinary tract infections and the excessive and inappropriate use of broad-spectrum
antibiotics by patients is the main reason for the emergence of resistance caused by bacterial
mutations [19]. While the results of the current study differed with the results of study
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Hashemian et.al,. in Iran where the highest percentage of antibiotic resistance of isolates was
for cephalothin (77.1%) and ampicillin (78.8%) [20].

Gentamicin resistance in this study amounted to 46.7%. The result was close to the previous

study Ismael et. al,. where the percentage of resistance of isolates in his study was 40% [21].
while it differed from the results obtained by searcher Ramirez-Castillo et. al,. who indicated
that 28.2% of isolates are resistant to gentamicin and that the mechanisms of resistance to
aminoglycosides are mutation Enzymatic site and ribosome site modification and the
accumulation of decreasing intracellular antibiotic accumulation by altering the permeability of
the outer membrane [22]. The isolates showed resistance to nalidixic and levofloxacin in our
study 60%, 53.33% and was close to the study results Ghotaslou et. al,. (73%, 58%) [23].
Zaman et. al,. showed that Escherichia coli inhibits DNA synthesis through inhibition of the
DNA gyrase enzyme or as a result of genetic mutations in it, which leads to resistance to
antibiotics belonging to the quinolines group [24]. The isolates showed high resistance to
erythromycin, reaching 100%, and agreed with the results of the Al-Saadi who found that 98%
of the isolates were resistant to this antibiotic, and the resistance of the isolates to azithromycin
amounted to 53.33, and differed from what Salhy found, as he indicated that 30.3% of the
isolates were resistant to azithromycin [17, 25]. Zaman et. al,. pointed out that some of the
reasons for the resistance of Escherichia coli isolates to macrolides are hydrolysis, which results
in the degradation of the antibiotic and inhibition of its effectiveness, the production of
glogsylation and phosphorylation enzymes that inhibit the action of the antibiotic and the
acquisition of flow systems as well as a change in the targeting locations [24].

5. Conclusions

In recent years, antibiotic resistance has become a global threat to health systems around the
world, and E. coli poses the greatest threat to human health due to its increasing resistance to
antibiotics, and all isolates in our study showed multiple resistance to the antibiotics used
Ampicillin, Erythromycin, Cephalothin, Azithromycin. Gentamicin, levofloxacin and Nalidixic
acid, as a result of the diverse resistance mechanisms exhibited by E. coli as a result of the
overuse and misuse of antibiotics. and misuse, which may lead to serious health effects.
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Abstract:
Gabapentin is a medication commonly used in the treatment of epilepsy and sciatic

neuropathy. Histology, biochemistry, immunohistochemical changes, body, kidneys, and brain
weights were investigated in this study, where 15 male albino rats were used. The animals were
splitinto 3 sets: A, B, and C (5 rats/set). Set A was administrated in distilled water (control set).
Gabapentin was administrated orally to both B and C sets at doses 21.8 and 43.6 mg/kg,
respectively. The dosing period was 30 days. The findings showed glomerular atrophy and
changes in renal tissue in the B and C sets. Brain sections of B and C sets showed necrotic and
degenerative changes. The findings showed insignificant body and brain weight increases in B
and C sets, while set B significantly decreased kidney weight. Biochemical analysis showed an
insignificant increase in the urea and creatinine in both experimental sets. Both B and C sets
showed insignificant increases in the cholinesterase enzyme activity in the brain.
Immunohistochemical assessment of the kidney tissue showed positive and strong positive
immunoreactivity of both caspases 3 and 8. Both B and C sets showed weakly positive and
positive Glial Fibrillary Acidic Protein (GAFP) immunoreactivity in the brain. It was obvious
that gabapentin caused the induction of apoptosis in the kidney through the overexpression of

caspases 3&8. The medication also induced various lesions in the brain, especially in the axons
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of the neurons. The severity of its effect depended on the given dose and duration of treatment.

Keywords: Apoptosis, Brain, Cholinesterase, Gabapentin, Histopathology, Kidney.
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1. Introduction:

Anticonvulsant medications are mostly used for managing epilepsy, although they are
additionally employed to treat migraines, bipolar mood disorder, neuropathy, and inflammation
of the nerves [1]. One of the most prominent anticonvulsant drugs is gabapentin (gamma-
aminobutyric acid), which is used to treat electrical brain disorders and pain resulting from
damage to the nerves, especially the cranial nerve. The drug is also used to treat nerve damage
caused by diabetes, which is known as diabetes mellitus neuropathy. It is also used to treat
nerve pain after infection with the herpes virus. The drug also treats dysesthesia [2].

The drug was discovered in 1970 through a campaign conducted to discover drugs to treat
neurological disorders [3]. Following the United States FDA's confirmation, the medication
was initially made available to Americans in 1993. It is functionally related to another drug,

pregabalin, and the drug works to inhibit the release of irritating neurotransmitters, thus helping
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in its use against pathological neurotransmission [4]. Despite its benefits, this medication

produces negative effects, such as drowsiness and loss of balance. The drug's use raises the
possibility of allergy responses, breathing difficulties, and depression [5].

The toxic role of the drug is evident from its interaction with some other anticonvulsants [6].
The drug falls under category C. The drug causes apoptosis at certain doses and tissue damage
to the kidneys in rats [7]. The drug is well absorbed orally and exists in plasma in an unbound
form. The medication affects calcium channels that are voltage-gated in neurons in the cortex
at the accessory nerve units. Thus, the concentration of GABA increases at the synapse area,
and the drug reduces the monoamine transporters [8]. The liver and kidneys are the organs
concerned with getting rid of most drugs, and therefore any defect affects them and makes them
unable to perform their functions properly. This causes the deposition of drugs, especially
anticonvulsant. Liver and kidney dysfunction causes a prolongation of the period allocated for
the elimination or excretion of the medication or from the toxic metabolic compound, leading
to clinical toxicity that can impact the attaching, distribution of cellular proteins, and the
metabolism process. For example, protein binding is significantly reduced for acidic, negatively
charged drugs, such as phenytoin and valproate in patients with kidney failure [9].

Case study reports stated that gabapentin causes liver damage, but without causing
symptoms. The drug caused liver cirrhosis in a 90-year-old patient when he took 900 mg/kg for
two weeks [10, 11]. When the drug is used for 5 weeks in the case of treating neuropathic pain,
the drug causes neutropenic fever. Long-term use of the drug impacts the healing or recovery
process of bones, especially bone fractures, through its effect on some biochemical parameters
and histological composition in rats [12]. The drug has a significant effect on the gene
expression of some cancer genes [13]. Gabapentin impacts the male and female reproductive
systems in rats, as it causes a decrease in testosterone levels and the process of sperm production
while in females, it inhibits the steroids of the pineal gland, stimulates gonad hormones, and
increases the atretic follicles. The drug also affects the period of pregnancy, especially affecting
the development of the skull [14]. The current research aimed to identify the toxic effects of the
drug gabapentin at doses 21.8 and 43.6 mg/kg on some biochemical, histopathological, and
immunohistochemical variables in the liver and brain of male albino rats.

2. Material and methods:

2.1. Ethical Approve: According to The Institutional Animal Care and Use Committee
(IACUC) ethical approval number UM.VET.2023.046 dated 2/10/2023, the study was carried
out in an animal's housing at the Faculty of Veterinary Medicine at the University of Mosul,

Iraq.
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2.2. Obtaining and raising animals: 15 male rats were used in the current study. The

average weight was 1955 grams. The entire experiment was carried out in a facility of animals
at the Faculty of Veterinary Medicine, University of Mosul, Mosul, Iraq after the animals were
transported there from Cihan University in Erbil. The animals were kept in typical cages in
normal circumstances. The animals were cared for by specialists in the animal house. The
animals were fed pellets and given water daily during the experiment period for all groups.

2.3.Medication dosing and supplementation: Gabapentin was obtained from a local
pharmacy in Nineveh Governorate. The drug is manufactured by JENERIS Pharmaceutica,
S.A., Rua Jaoa de Deus,19. 2700-487 Amadora, Portugal. The research doses were calculated
based on the oral LD50 rate, which is 5000 mg/kg [15]. The doses chosen in the current research
are 21.8 and 43.6 mg per 1 kg. Each concentration was diluted in six ml of filtered water and
then the relevant dose was withdrawn depending on the weight of the animal [16]. The
medication was administered orally by gavage needle to the male rats [17]. The selected doses
were dissolved in distilled water. The medicine was given for only one month.

2.4. Study design: A, B, and C were the three sets of fifteen mature male rats. Every set has
five animals in it. A set was considered a control group. B&C sets were given gabapentin orally
(21.8 and 43.3 mg/kg) body weight [b.w.] by a special dosing needle for 30 consecutive days.
Weekly weigh-ins were conducted on the animals.

2.5. Histopathological preparation: The kidney and brain were obtained after dissection
and placed in a 10% neutral buffered formalin to fix the tissues for 3 consecutive days. The
weight of the previous organs was recorded. The tissue samples were washed with running
water for 1 hour to remove traces of the fixative [18]. The histological slides were prepared
routinely. The paraffin blocks were sectioned by typical microtome. The histological sections
were between 4-5 micrometers in thickness. Harri's Hematoxylin and Eosin were used to stain
histological sections [19]. DPX was used for mounting the slides. It was cleaned, prepared, and
mounted with D.P.X. as a suitable medium [20]. The microscopic assessment and photography
were done using a compound microscope attached to a digital single-lens reflex camera (type
MDCE-6A, Japan) [21].

2.6. Detection of the kidney Urea, and creatinine: After a full month of dosing with
gabapentin, the rats were euthanized, and blood samples (1.5-2 ml) were collected from the
eye's corner using capillary tubes. The taken blood was stored in small containers with
anticoagulants, and samples of it went through a centrifuge (3000 rpm) for over 10 minutes to
produce serum for biochemical evaluation. Before use, the serum had been kept in a freezer at

-20 C. [20]. Biosystems S.A.UREA/ BUN color, Costa Brava30,08030, Barcelona, Spain Kit
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was used.

2.7. Detection of cholinesterase enzyme in the brain tissue: The brain was ground and
homogenized using a homogenizer Electroporation for 30 seconds at a speed of 400 r/min to
the brain and it was a tube. The homogenizer was immersed in ice during the homogenization
process as the brain was triturated in a Phosphate buffer solution with a pH of 8.1 after adding
three mI/100 mg of tissue weight [21]. The samples were stored in test tubes immersed in
crushed ice until cholinesterase tests were performed immediately after the previous process
was done.

2.8. Immunohistochemical assessment: The avidin-biotin immunoperoxidase method was
employed to conduct immunohistochemistry. CASP1, CASP3, and CASP8 (Elabscience, USA,
catalog No. E-AB-70300, Catalog No. E-AB-70388, Catalog No. E-AB-19664, respectively
were investigated in the kidney. GFAP (Elabscience, USA, catalog No. E-AB- 650669) was
investigated in the brains. A quantitative cell scoring method was used to detect the
immunoreactive bodies in cells. A four-point score based on the IHC staining intensity of the
cells was employed for negative (-), weak positive (+), positive (++), and strong positivity
(+++).

2.9. Data analysis: The criteria chosen to be measured in the current research were
statistically analyzed, including variations in body weight and specific body parts, criteria for
measuring kidney and brain function, and changes in the cholinesterase enzyme using Graph
Pad Prism 5.0 (San Diego, USA) software. All previous parameters were described as an
average * standard deviation (SD). The P-value was estimated as; significant (P<0.05), and
very significant (P<0.01), respectively.

3. Results:

The light microscopic assessment of the kidney belongs to A set (control set) showed the

normal histological structure of the kidneys Figure 1.

Figure 1: The histological section of the cortical part of the rat kidney of set A (control group) shows the normal
histological structure of the glomeruli (black arrow) and surrounding tubules (blue arrow). (200pm H&E).

.
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It is represented by Malpighian corpuscles (glomeruli) and renal tubules. Sections of set B

(21.8 mg/kg) demonstrated the presence of significant and evident glomerular atrophy, oedema,
Bowman's gap expansion, and alterations, including partial cell death, in the urine tubules
Figure 2.

Figure 2: The histological section of the cortical part of the rat kidney of set B shows the presence of atrophy in
the glomeruli, effects of oedema, widening of Bowman's space (black arrows), and changes in the urinary tubules,
including partial destruction of cells (blue arrows) and congestion in the blood vessels (green arrow) (100pum H&E).

Sections from set C (43.6 mg/kg) showed the presence of severe atrophy of the Malpighian
corpuscles, effects of oedema, damage to the tiny, filtering blood vessels, widening of
Bowman's space, and destruction of most of the urinary tubules, including the destruction of

cells Figure 3.
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Figure 3: The histological section of the cortical part of the rat kidney of set C shows severe atrophy of the
glomerulus, expansion of Bowman's space (black arrows), and destruction of the renal tubules (blue arrows) (100um,
H&E).

The light microscopic assessment of the brain belongs to the A set (control set) and shows
normal histology of the brain that is represented by neurons, glial cells, and normal blood

vessels that exist in the cortical part of the brain Figure 4.
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Figure 4: The histological section of the brain belongs to the A set (control set) showing normal neurons (black arrow), glial cells
(blue arrow), and blood vessels (green arrow) in the brain cortex (100um H&E).
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Brain sections of set B revealed neuronal necrosis, degenerative changes, and blood vessel
congestion Figure 5.

Figure 5: The histological section of the brain belonging to the B set shows cell death (necrosis) of nervous cells (black arrow),
vacuolation of the neuronal cytoplasm (green arrow), and blood vessel congestion (blue arrow). (100pm, H&E)

while sections of set C revealed severe necrotic and degenerative changes in nervous tissue as
well as congestion Figure 6.

Figure 6: The histological section of the brain belonging to the C set shows severe necrotic (black arrows) and degenerative
changes (blue arrows). (100pm, H&E).

3.1. Effect of gabapentin on body, kidney, and brain weights: The findings revealed an

insignificant increase in the body weight for both experimental groups (21.8, 43.6 mg /kg)
compared to set A Figure 7.
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Figure 7: The effect of gabapentin at the doses 21.8 and 43.6 mg/kg (sets B and C) on the body weight. The medication was given
for 30 consecutive days (1 month). P< 0.01** is considered highly significant, and n = not significant in comparison to set A. By
comparing the average of each concentration in the two test sets to the means of set A, Dunnett's test was utilized to demonstrate the
discrepancies.
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Brain weight showed an insignificant increase for both previous sets Figure 8.
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Figure 8: The effect of gabapentin at the doses 21.8 mg /kg (sets B and C) on the brain weight. The medication was given for 30
constitutive days (1 month), n = not significant in comparison to set A. By comparing the average of each concentration in the two
test sets to the means of set A, Dunnett's test was utilized to demonstrate the discrepancies.

In addition, kidney weight revealed a highly meaningful (P > 0.01) abate at the
concentration of 21.8 mg/kg and an insignificant decrease in weight at the dose of 43.6 mg/kg
in comparison with the set A Figure 9. When comparing the results of the two experimental
sets, we note that the kidneys of the third set (43.6 mg /kg) showed a non-significant increase
compared to the second set (21.8 mg /kg).
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Figure 9: The effect of gabapentin at the doses 21.8 and 43.6 mg/kg (Sets B and C) on the kidney's weight. The medication was
given for 30 consecutive days (1 month). P>0.01** is considered highly significant, and n = not significant in comparison to set A. By
comparing the average of each concentration in the two test sets to the means of set A, Dunnett's test was utilized to demonstrate the

discrepancies.

3.2. Effect of Gabapentin on the level of Urea and creatinine: The findings showed a
significant (P> 0.05) and insignificant increase in the urea level of both sets B and C,

respectively, in comparison to set A Figure 10. Creatinine levels showed an insignificant
increase at the two selected doses Figure 11.
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Figure 10: The effect of Gabapentin medication on the Urea level at the concentration 21.8 (set B) and 43.6 (set C) mg/kg. The
medication was given for 30 consecutive days (1 month). * Considered as significant at P<0.05, and ns = not meaningful in
comparison to set A. By comparing the average of each concentration in the two test sets to the means of set A, Dunnett's test was

utilized to demonstrate the discrepancies
/ contrm
E 21.8 ma/kg

% 43.8mg/kg

o - -
[ o o

Creatinine concentration

e
o

\ Gabapentin concentration /

Figure 11: The effect of Gabapentin medication on the Creatinine level at the doses 21.8 (set B) and 43.6 (set C) mg/kg. The
medication was given for 30 consecutive days (1 month). ns = not significant in comparison to set A. By comparing the average of
each concentration in the two test sets to the means of set A, Dunnett's test was utilized to demonstrate the discrepancies

3.3. Effect of Gabapentin on the cholinesterase level in the brain: The findings revealed
that there is an insignificant change in the brain cholinesterase activity in set B and insignificant
increase in its activity in the set C in comparison with set A Figure 12.
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Figure 12: The effect of Gabapentin medication on the cholinesterase activity at the doses 21.8 and 46.6 mg/kg . The medication
was given for 30 constitutive days (1 month). ns = not meaningful in comparison to control. By comparing the average of each
concentration in the two test sets to the means of set A, Dunnett's test was utilized to demonstrate the discrepancies

3.4. Effect of Gabapentin on the expression of CASP3 and CASP8 in the kidney: To
determine the impact of 21.8 and 43.6 mg/kg of gabapentin in the enhancement programmed
cell death in the kidney of a male rat, the positivity of caspase-3 and caspase-8 was examined.
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The microscopical assessment of renal tissue of set A showed negative immunoreactivity of

CASP3 (-) Figure 13. A positive and a strong positive (+++) of CASP3 expression in the renal
epithelial cytoplasm were detected in sets B Figure 14 .

)

3

v

Figure 13: A photomicrograph of the kidney cortex of set A showing revealed negative (-) caspase-3 immunoreactivity in the
renal tubule’s epithelia. Immunohistochemical stain, 400 x

Figure 14: A photomicrograph of the kidney cortex of set B shows a positive (++) immunoreactivity (black arrow) of caspase-3 in
set B in the renal tubule epithelia. Immunohistochemical stain, 400 x

In set C there was a similar response to set B compared to set A Figure 15.

Figure 15: A photomicrograph of the kidney cortex showing a strong positive (+++) caspase-3 immunoreactivity (black arrow) in
set C in the renal tubule’s epithelia. Immunohistochemical stain, 400 x

As for investigating the immunoreactivity of caspase- 8 in the renal tissue, the microscopical
examination revealed a weak positive reaction (+) which appears as golden-brown granules in
epithelial cells lining renal tubules in set A Figure 16 .
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Figure 16: A photomicrograph of the kidney cortex shows weak caspase-8 immunoreactivity (-) in the renal epithelial cells:
immunohistochemical stain, 400 x.

Figure 17: A photomicrograph of the kidney cortex of set B shows positive (++) immunoreactivity) in the renal epithelial cells.
Immunohistochemical stain, 400 x.

Figure 18: A photomicrograph of the kidney cortex of C shows revealed a highly (strong) positive (+++) immunreactivity (black
arrow). Immunohistochemical stain, 400 x.

3.5. Effect of Gabapentin on the expression of GFAP in the brain: The positivity of the
intermediate filament-111 protein (GFAP) was investigated in the brain tissue of adult male rats
at doses 21.8 and 42.6 mg/kg. The microscopical assessment of the brain tissue sections of set

A revealed negative (-) immunoreactivity of GFAP expression as golden-brown fibers neurons

Figure 19.

Figure 19: A photomicrograph of GFAP expression in the brain of set A revealed a negative (-) response (black arrow).
Immunohistochemical stain, 400 x.
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A weak positive (+) response was detected in set B Figure 20
- " NG T . T

Figure 20: A photomicrograph of GFAP expression in the brain of set B weak positive (+) response (black arrow).

Immunohistochemical stain, 400 x

and positive (++) immunoreactivity was detected in set C Figure 21, compared to set A as

golden-brown fibers in neurons.
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Figure 21: A photomicrograph of GFAP expression in the brain of set C revealed a positive (++) response (black arrow ).
Immunohistochemical stain, 400 x.

4. Discussion

Gabapentin's historic outlook emphasizes its anticonvulsant and antiepileptic actions.
Gabapentin was first investigated in clinical trials at modest dosages and demonstrated to be
beneficial as an additional medication. Despite the therapeutic benefits, it had and still has side
effects that vary in severity depending on the doses [22]. This is what the current study
investigated and the results showed several lesions in the kidney at both studied doses like
Malpighian corpuscles atrophy oedema and destruction of most urinary tubules the severity of
histological changes was dose-dependent manner. The present findings were identical to the
findings of [23], who discovered that treating male rats with gabapentin at high doses causes a
lot of kidney lesions like vacuole degeneration and haemorrhage. The outcomes also were
comparable to the outcomes of [24], who indicated that the selected drug could cause renal cell
destruction.

The current findings were not consistent with the findings of [25, 26]. The previous lesions'
occurrence may be due to the that gabapentin affects the sympathetic nervous system, which

controls the regulation of blood vessel functions and blood flow to the kidneys. This effect
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could cause a change in blood pressure and its distribution in the renal blood vessels, which

affects their functions [27]. or perhaps because the studied drug causes an increase in the level
of oxidative stress in the renal cells, which caused the above lesions (7). The medication alters
the balance of calcium and ions inside the renal cells by acting as a blocking agent of calcium-
transport pathways in the brain and spinal cord, which impacts the function of ion channels in
the kidney [28].

The painkiller gab can occasionally generate DRESS disorder (drug response with
eosinophilia and systemic signs). This is a severe allergic response that might damage essential
tissues [29]. The current outcome revealed some lesions in the brain at both doses such as
necrosis and degenerative changes, and the severity of these lesions increases with increasing
the concentration of the drug administered to the animals and that may be due to the that the
drug easily passes through the selective semi-permeable membrane of the brain and affects the
cortex layer, hippocampus, and spinal cord by affecting the calcium channels which may cause
tissue lesions [30]. The current outcomes were not consistent with the findings of [31], who
found that the damage in the central nervous tissue may be due to the lack of Ache, and this
condition is linked to memory and cognition deficits. The findings revealed that in significant
increase in the body weight of both sets B and C those outcomes were not partially consistent
with the findings of [32], who indicated a meaningful increase in the rat body weight after the

administration of 300mg/kg for 40 days orally to albino rats.

The slight increase in the body mass in the present research could be explained by that the
long-term GBP use may be linked to body mass gain because it may alter the activity of voltage-
gated calcium channels in pancreatic 3-cells that regulate the release of insulin. This depends
on GBP's structure and mechanism of action, which is supposed to modulate neuron signaling
by supplying the voltage-dependent calcium channels particular subunit [33]. The findings were
opposite to the results of [14, 34 , 35]. The current findings showed a meaningful decrease at
the dose of 21.8 mg/kg and an insignificant reduction at the dose of 43.6. mg/kg in the kidney
weight. The results of the present study were corroborated by research, which claimed that
excessive use of gabapentin may result in kidney damage [32].

The concentration levels of urea and creatinine in both doses revealed a non-meaningful
change. The current outcomes were incomparable to the outcomes of [36], who found that
gabapentin affects the regulation and flow of blood, in addition to its effect on the filtering and
secretion process in the kidney, which causes an elevation in the urea and creatinine

concentrations. The current results may be due to the drug concentration and dosing period. the
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findings showed insignificant change in the level of cholinesterase of set B but there was an

insignificant increase in the same enzyme level of set C. The present outcomes findings were
comparable with the findings of [31]. The slight increase in enzyme level maybe It may be
because the drug affects the electrical channels in the brain, as it works too. modify the activity
of these channels in the nerve cells, which affects the reception of nerve signals and thus the
secretion of neurotransmitters [37] and affects the interaction of these transmitters with the
nerve cells and their signalling [38]. in addition to its effect on the secretion of the hormone's
aldosterone and renin, which changes the balance of minerals and fluids in the body [39].

It is generally accepted that apoptosis triggers tissue dysfunction and that caspase -8 and
apopain (caspase -3) are key factors in its development [40]. The immunohistochemical
assessment of the current study in kidneys showed positive and strong positive caspase 3 and
caspase-8 at both selected doses, respectively in the basement membrane of the renal tubules.
The current outcomes were comparable to those [23, 41], who found in contrast to Bcl-2, which
had a much lower expression in the brains of gabapentin fetuses, Caspase 3 expression was
significantly higher. Researchers found that gabapentin inhibits the levels of caspase-3 in the
retinal cells of diabetic rodents [42, 43]. which is opposite to the present results. The previous
findings' appearance may be due to the destruction of the rough endoplasmic reticulum and
mitochondria resulted in the release of Cyt ¢, which then activated caspase-3 and oxidative
phosphorylation of caspase-8, initiating an irreversible stage of apoptosis. The over-expression
in the caspase- 8 may be due to specific functions for reactive oxygen species in the external
apoptotic process that have been discovered and identified. These functions involve facilitating
apoptotic activation and death receptor activation via ROS-induced receptor aggregation and
forming signalling pathways produced by rafts of lipids [44].

The results showed a weak positive and a positive immunoexpression of GAFP in the
neuronal axons of damaged neurons in both selected doses respectively. The current findings
consisted partially with the findings of [45], who found pregabalin reduced spinal GFAP
activation and the medication did not lower spinal Ibal expression. The current results are
consistent with the findings of [46]. The current findings are not consistent with the findings of
[47]. Arise in astrocyte activity corresponds to the removal of the overabundance of dopamine.
It is well known that this neurotransmitter can be actively and specifically removed from outside
of cells by astrocytes as well as neurons via dopamine transporters. It is then either transported
into vesicles or degraded by the chemicals (enzymes) found in glial and nerve cells, namely

monoamine oxidase B and catechol-O-methyl transferase [48]. The increase in the GAFP
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expression in the current study may be due to the Excessive dopamine that might promote the

process of auto-to ortho-quinone resulting in damage from oxidation [49].
5. Conclusions

Gabapentin is a drug used to treat epilepsy and nerve pain. Through the results of the current
research, we conclude that using double doses for one month caused pathological lesions in the
kidneys and brain. It was observed that the drug induces programmed cell death in the kidney
by activating gene expression of caspase proteins in the kidney. The immunohistochemical
responses in the treated groups were moderate to severe compared to the control group. Positive
responses appeared as a golden brown staining of the cytoplasm of kidney cells. In the brain,
the axons of the nerve cells were stained with the same color, indicating excessive production
of GAFP protein. This indicates that the drug causes an increase in the gene expression of a
GAFP protein. Therefore, you must be careful when taking this drug, and you must adhere to
the therapeutic doses specified by the doctor.
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for Pure Sciences / University of Mosul / Mosul /Iraq for the facilities they provided to carry
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