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Abstract: Computer vision has become widely used in many aspects of our daily lives. There
are a great number of applications that consider computer vision as a core part of them, such
as those associated with law enforcement. This paper presents the design and implementation
of a model for a vehicle building entrance, using a license plate recognition algorithm for
Libyan vehicles. In addition, a small dataset of Libyan vehicles was created for research
purposes. As with most recognition systems, there are mainly three stages to be distinguished:
plate detection using vertical and horizontal histograms, character segmentation is performed
through a connected-component labeling algorithm, and finally, optical character recognition
(OCR) by using support vector machines (SVMs). An Arduino board was used to control the
gate opening and closing processes according to the authorized vehicles stored in the
database. Ultrasonic sensors were used to detect a vehicle stop at the gate. The system was
programmed with MATLAB executed on a 2.20GHz Core i7 CPU, 8 GB RAM, Windows 10.
Despite the limited size of the vehicle images dataset, the experiments showed promising
performance in terms of average accuracy estimated at 83.3%, and the computation time was
5 seconds.

Keywords: Support Vector Machine; Number Recognition; Arduino.

INTRODUCTION permission to employees in companies, etc.
An automatic vehicle license plate

Nowadays, biometric information has many  recognition system is an important topic due

forms such as signature, voice, iris scan, etc.
This information is used throughout to
identify people for various purposes. For
instance, many people use this information to
lock their mobile phones. However, on
different occasions, there might be more
interest in identifying a person via his
vehicle. Therefore, it is crucial to design a
system that can distinguish vehicle owners by
recognising their license plate numbers. Such
systems are capable of providing appropriate
solutions in several aspects, for example,
monitoring traffic within restricted or
dangerous areas or even granting entrance

to its various uses, such as those in security
applications: monitoring institution entrances
or vehicles on the road, detecting stolen cars,
etc. These systems are of great interest
because of their benefits for everyday life.
The system starts with the stage of image
acquisition until identifying the contents of
the license plate. It goes through image
preprocessing, license plate localisation in
the image, and then dividing the contents of
the license plate (character segmentation).
The last stage involves extracting basic
symbols to identify them using OCR
(Abdullah et al., 2009).

*Corresponding author: Aeyman M Hassan: a.hassan@zu.edu.ly, School of Computer Engineering, University of Zawia, Zawia, Libya.
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Many challenges affect the proper
functioning of the system. Most difficulties
come from the surrounding environment
since these systems are normally designed to
work in outdoor settings. The variations in
lighting conditions, rain, and fog are among
such difficulties. All these environmental
conditions affect the quality of the captured
image, which thus reduces the effectiveness
and efficiency of the system (Selmi et al.,
2020).

There is a significant amount of research
looking into solving this problem. Korean
license plate detection was done using a
vertical edge. The character recognition was
based on a template matching method (Yu &
Kim, 2000). Shohreh Kasaei et al. used the
same recognition method for Iranian car
plates, but they used morphological
parameters in the segmentation stage instead
(Kasaei et al.,, 2010). Although template
matching recognition might give a reasonable
result, it has a large computation time
because the comparison operation is
performed pixel by pixel, in contrast with
other machine learning approaches which
deal with image features rather than pixels at
the recognition stage, as like the one used in
this work. In another study (Duan et al.,
2005), Hough transform was utilised to detect
vehicle plates and a hidden Markov model for
the recognition stage. Arth et al. used the
same method to localise a vehicle plate. SVM
was used for number recognition instead
(Arth et al., 2007). YOLO (You Only Look
Once) deep learning was used to recognise
Taiwan's car license plates (Chen, 2019).
Different versions of YOLO were applied in
each stage of the recognition algorithm
(Henry et al., 2020). Laroca et al. used two
convolution neural networks (CNNs) for
vehicle and license plate detection. Two
CNNs were also used for letters and digits
recognition (Laroca et al., 2018). Although
deep neural networks were successful in
many recognition tasks, you have to provide
a large amount of data during the training
stage (Bjorklund et al., 2019; Li & Shen,

2016; Selmi et al.,, 2020). Due to the
limitation of the dataset size used, a decision
was made to use histogram projection and
support vector machine for the detection and
recognition stage, respectively, instead of
deep learning approaches (Singh & Bhushan,
2019).

Several pieces of research have been
conducted for Libyan vehicle license plate
recognition. Two methods have been applied
in the recognition stage, which are template
matching and an approach based on
endpoints (Algablawi et al., 2013). Abdella
used vertical and horizontal projection to
detect the license plate, while template
matching was also used for number
recognition (Abdella, 2016). A Combination
between template matching and a
probabilistic neural network was used to
recognise digits in Libyan license plates
(Jabar & Nasrudin, 2016). Although the
current research might obtain a reasonable
result in the recognition stage for Libyan
vehicles using the template matching method,
this method is not shift or scale-invariant.
Furthermore, comparing images pixel by
pixel causes an increase in the computation
time. Vehicle license plates vary from
country to country in colour and shape. They
also have different contents, of which many
are digits, while others are a mix between
numbers, characters, and symbols. All these
variations influence the choice of an
appropriate method that can do well with a
particular application. Therefore, a kind of
balance between accuracy and computation
time must be considered. This paper aims to
design and implement a reliable recognition
system, which is able to recognise Libyan
vehicle license plates despite the small
dataset size. Features extraction is performed
in this work instead of methods that mainly
work at the pixel level. The recognition stage
was performed using one of the machine
learning algorithms. Furthermore, building a
small model to simulate a vehicle control
access to institutional premises.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The paper is structured as follows. The
second section demonstrates the methodology
of this work in terms of hardware and
software. The details about the data and
experiments are discussed in the third
section. It also presents a comparison with
other approaches. The last section of this
paper is about summarizing the research
findings. In addition, it suggests potential
future works that might assist in improving
the current results.

MATERIALS AND METHODS

The system’s model contains two vehicle
gates. The first gate is specified for the
entrance, while the second is for the exit, as
shown in Figure 1. This is what might usually
be found in a real company building. To
clarify the working procedure, a vehicle stops
at the entrance gate. At this moment, the
driver still sees a red light on the gate.

C—

Figure: (1). Model of the vehicle plate recognition
system

An ultrasonic sensor detects the vehicle and
sends a signal to a MATLAB algorithm. The
algorithm starts working by sending a
command to the camera mounted on the gate
to capture the vehicle. After completing the
operation of number recognition for the
current license plate, there are two
possibilities. The first possibility is to find
the number within the database list for those
who have permission to get inside. A green
light will be on, and the gate will be opened
automatically. In the second case, the vehicle
is not allowed to enter. The gate will be kept

closed and the person will be alerted with the
red light. The working of the exit gate is
rather simpler than that. There is no need to
validate the license plate number. The
ultrasonic sensor detects the vehicle here as
well. Consequently, the red light will be
turned off, and the green light will be on.
Finally, the gate opens to allow the vehicle to
exit. This gate is not connected to the
recognition algorithm. The gate was built
using Arduino and ultrasonic sensors. Figure
2 shows the connection between all system
components.

Arduino I
Servo A— Soner
motorl N vno S Ultrasonic)
Senaoe
i [—t) m—
motor?2
1 \ Computer
Camera {
Y Y )

Figure: (2). A block diagram of our algorithm
HARDWARE

This section explains the specifications of
each component that is used in this work and
clarifies its role in achieving the final task.

Arduino: It is the main development board
that is used to control vehicle gates in this
simple model. It has a microcontroller board
based on (ATmega328) with 14 1/O digital
pins. Arduino Uno was chosen for the circuit
for the sake of simplicity.

Ultrasonic sensor: The working principle of
this sensor is based on sound waves. It
consists of four pins (Vcc, Trigger, Echo,
Ground). It works by sending a wave at the
speed of sound that travels through the air.
Once it hits an object in its way, the wave
then returns and is collected by the sensor
receiver. The following equation is used to

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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calculate the distance.

t*0.034
AL o

Where D is the required distance, 0.034us is
the speed of sound, t is the time it takes for
the sound waves to return to the ultrasonic
sensor after striking an object. The HC-SR04
module is chosen for this model.

Servo motor: This kind of motor is a DC
(Direct current) motor equipped with an
electronic circuit to precisely control the
position and direction of rotation of the motor
shaft.

Camera: In this project, a USB-type camera
(Microsoft Life Cam VX-800) is used in this
model. The connection between all hardware
components is shown in Figure 3.

PC

MATLAB —
porgram

Figure: (3). Gate controlling circuit
SOFTWARE

The  algorithm  starts  with image
preprocessing operations to prepare an image
for the three main stages of the recognition
algorithm: car plate detection, number
segmentation, and number recognition,
respectively.

Image Preprocessing: The algorithm
converts the captured image from an RGB
image (Red, Green, Blue) to a greyscale

image. The pixel intensity of the grey image
is in the range (0-255). The value 0
represents the black colour while 255 is the
white colour, and any value in between is a
level in the grey colour. The algorithm takes
the grey image as input and then converts it
to a binary image, which is also called a
logical image. The binary image has two
possible intensity values, either 0 or 1 which
represent the black or white colour
respectively. This operation is performed by
choosing a threshold value in which pixel
values equal or above the threshold are set to
1 (white) while others are set to 0 (black). By
converting the image from coloured to
binary, unnecessary information is reduced,
especially when image processing is
machine-oriented. On the other hand, humans
care considerably about image details and
resolution. Figure 4 shows the steps of
converting an image to a binary type.

Binary image

Figure: (4). Image preprocessing

Car Plate Detection: The input at this stage
IS a binary image. This image contains a

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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vehicle and other objects in the scene. The
output is an image of the extracted car license
plate. This stage involves the following steps:
edge detection, vertical and horizontal edge
histogram projection, and finally, choosing
the highest probability within image
segments to be a license plate among all
candidates.

Edge detection: This operation is performed
using a Sobel filter. The filter calculates the
image gradient from the intensity of its
pixels. It finds the direction of the greatest
gradient. The filter uses two matrices as
shown in Equation 2. The first matrix finds
intensity changes in the horizontal direction,
while the second matrix is dedicated to the
vertical direction (Kanopoulos et al., 1988).

10 -1
Gx=[20—2 * A
10-1
—1-2 -1
Gy=| 1 0 —1|x4 (2)
1 2 1

Where A represents an original image, G, and
G, are the gradients in both the x and y-
direction. To determine G, and G,,, the filter
kernel is moved over the input image to
calculate the value of one pixel and then shift
the kernel one pixel to the right. When
reaching the end of the current row, the filter
is placed at the beginning of the next row, as
shown in Figure 5. The following equation
illustrates an example of calculating one
value of G,.

o |2 |

~
o
N

kemel =

b

rput Image Output image (G

Figure: (5). Sobel filter implementation

byy=a13 —ay; +2%az; — 2%
az1 taszs

)

—dz;

Equation 4 illustrates the calculation of the

gradient magnitude, while Equation 5
calculates the gradient direction.
4
G=]G2+6, *)
0 _by (5)
Gx

The obtained result after applying the filter
on the image is shown in Figure 6.

Figure: (6). Edge detection with Sobel filter

Histogram projection: In this step, the
algorithm finds projections of the horizontal
and vertical edge histograms for the obtained
image from the last step. It processes column
by column in the horizontal histogram. In
each column, it starts by subtracting the
second-pixel value from the first one. If the
result exceeds a threshold value, it will be
stored in a list, then moved down to the next
pixels, and the same processes will be
repeated until passing through the entire
column. The values are added up to get the
first value in the differences group. The
algorithm moves to the second column and so
on until reaching the last column in the
image, as shown in Figure 7. The same
procedure is applied to the vertical histogram,
as shown in Figure 8, but the process is
applied on rows instead (Jagannathan et al.,
2013). As shown in Figure 7 and Figure 8,
the noise noticeably appears at the edges of

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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the horizontal and vertical histograms.

Horizontal Edge Processing Histogram
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Figure: (7). Horizontal edge processing histogram

Vertical Edge Processing Histogram
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Figure: (8). Vertical edge processing histogram

A low-pass filter is used to smooth the line
curves, as shown in Figure 9 for the
horizontal edge and Figure 10 for the vertical
edge. If the region has high horizontal and
vertical histogram values, it is highly likely
to be a vehicle license plate. Other regions
are removed from an image by applying a
dynamic threshold on both horizontal and
vertical histograms. The dynamic threshold is
equal to the average value of the histogram.
The output of this operation is a graph
showing the areas that have a high
probability of being license plates, as shown
in Figure 11 and Figure 12.

Histogram afier passing theough Low Pass Filter
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Figure: (9). Horizontal histogram after low pass filter

Histogram afier passing through Low Pass Fiter
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Figure: (10). Vertical histogram after low pass filter
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Figure: (11). Horizontal histogram after filtering
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Figure: (12). Vertical histogram after filtering

The coordinates of all candidates are stored
in an image array, as shown in Figure 13. The
algorithm finds a common area with a
maximum value in the horizontal and vertical
graphs. This area is extracted as it represents
the license plate. Then, the resulting image is
converted to a binary image, while small
objects are discarded, (which cannot be
digits), as shown in Figure 14.

Figure: (13). Candidate areas

5 1255825 L

Figure: (14). The result of car plate detection

Number Segmentation: After acquiring the
license plate, the algorithm separates each

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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number in order to recognise the full series in
the last stage. It is also discarding other
objects which cannot be digits. This work is
achieved using connected-component
labelling (He et al., 2009).

The connected labelling components use a 4-
connected neighbourhood or an 8-connected
neighbourhood.  For  the  4-connected
neighbourhood, they are the neighbours’
pixels that share an edge with pixel p. While
in the 8-connected neighbourhood, it is a set
of pixels that share an edge or a corner with
pixel p, as shown in Equation 6.

1 8 1 2
ccly=4 p 2,cclg=7 p 3 (6)
3 6 5 4

ccl,=14p2 3 ,cclg=8127p3654

Each foreground pixel becomes a node in a
tree graph. Two nodes are connected if the
corresponding pixels are neighbours. When
applying the connected-component labelling
to the image in Figure 14, the result is a set of
images in Figure 15. The ratio between the
width and height of those images is used to
exclude other objects that cannot be digits.
For instance, the last word in Libyan vehicle
plates () has a high-ratio value. Therefore,
it will be removed. Furthermore, the
connected-component labelling starts
extracting objects in an image from top to
down and left to right. Thus, it is suitable for
Libyan vehicles license plates. These license
plates have a rectangular shape, and all
numbers appear in one line. Therefore, there
is no need to do any kind of reordering after
finishing the recognition stage.

=y

-
-

Figure: (15). Number segmentation

Number Recognition: At this point, the
algorithm reaches its last stage. It classifies
images into digits between 0 and 9. It also
discards other objects with a low confidence
rate. Therefore, data must initially be
provided for the recognition algorithm to be
used in the training step. The recognition
stage consists of two main steps: features
extraction using histogram of oriented
gradient (HOG) and number classification
using SVM.

Data collection: A group of one hundred
images of Libyan vehicles has been captured
from the front view. They were separated into
two groups, a training group of seventy
images to be used in classifier training and a
test group of thirty images for algorithm
evaluation.

Features extraction using HOG: one of the
successful  results of HOG was for
pedestrians’ detection (Dalal & Triggs,
2005). After that, HOG became widely used
for detecting other objects such as animals,
vehicles, motorcycles, etc. HOG starts by
calculating the gradient wusing a one-
dimensional (1D) discrete derivatives mask
in both vertical and horizontal directions, as
shown in Figure 16. The second step is
building cell histograms. The histogram
channel ranges from 0 to 180 or 0 to 360
degrees. An orientation-based histogram
channel is determined from a weighted vote
for each pixel within the cell, as shown in
Figure 17. The weighted vote is based on the
calculated gradient magnitude. The aim of
the third step is to calculate descriptor blocks
from the normalised cell histogram. Each
block consists of four 8x8 pixel cells (16x16
pixels per block) with nine histogram
channels. The last step in HOG is to
normalise the descriptor blocks to mitigate
the visual effect induced by light variations.
The normalisation is performed using the L2
norm, which is a standard method to compute
the length of a vector in Euclidean space. The
images in Figure 15 were cropped to size 17
x 17 pixels before applying feature extraction

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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in the training and test step of the SVM
classifier.

=1

Figure: (16). Gradient kernels
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Number classification using SVM: In
machine learning, supervised learning is an
algorithm that uses some labelled examples
to train its classifier. As a result, the classifier
will be able to predict other examples that
have not been seen before. Due to its
flexibility and simplicity, the support vector
machine has been chosen for classification.
SVM is a linear classifier that is used for data
classification. It can learn through provided
examples to predict the correct class among
unseen examples. It is sometimes called a
binary classifier because it separates two
classes of data points via a hyperplane.

The SVM outputs a map of labelled data with
a maximum margin. The margin represents a
symmetrical distance on both sides of the
hyperplane. The SVM tries to maximise this
margin as much as possible. The data points
near the hyperplane are called (Support-
Vector). Figure 18 illustrates how the
support-vector machine method distinctly
separates data points (Noble, 2006).

~Optimal hyperplane
e

Figure: (18). Support Vector machine

The current research aims to recognise digits
between 0 and 9. Although the support vector
machine is a binary classifier, it can still be
adapted for multiclass classification. This is
performed using the One-vs-All approach. It
finds many classifiers; each classifier can
distinguish one digit from the rest. The SVM
has a parameter called a kernel. The kernel is
a mathematical function that specifies the
shape of the SVM hyperplane such as
nonlinear, linear, polynomial, radial basis
function (RBF), Gaussian, and Sigmoid, as
shown in Figure 19. The RBF kernel has been
selected in the selected algorithm based on
experiments and results.

Linear 2nd polynomial 3rd polynomial

7 oe

Figure: (19). SVM kernels

SVM is well known for its performance even
with a small dataset, as in this case. In
addition, it is being considered a brilliant
classifier for binary classification.

RESULTS AND DISCUSSIONS

Many experiments have been conducted to
evaluate the used algorithm’s performance. In
the training stage, different SVM kernels
were tested using seventy images to decide

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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which ones of them would be the best. As a
result, the RBF was selected as a kernel.
After being trained, the algorithm was tested
on a group of test images. These images have
not appeared along with the training
processes. The test group represents 30% of
the dataset. The algorithm recognises twenty-
five images correctly out of thirty with
satisfactory computation time (5 seconds).
The accuracy of the used software is
evaluated at 83.3%. According to the small
size of the dataset, this is an encouraging
result. Abdullah et al. obtained an accuracy
of 80% for Malaysian vehicles (Abdullah et
al., 2009). They also used SVM for the
recognition process, but both results cannot
be compared because of the difference in
datasets in terms of their size and format.
YOLO deep learning achieved 98.22%

Table: (1). Performance measurement

accuracy on license plate recognition. The
computation time was less than one second
(Chen, 2019). Yu et al. focus on plate
localisation, which can lead to accuracy
improvement for license plate recognition.
Their method was based on a wavelet
transform and empirical mode decomposition
(EMD). The accuracy of their license plate
detection was 97.91% (Yu et al., 2015). End-
to-end deep learning architecture has
achieved a recognition rate of more than 95%
on four Chinese test sets. The computation
time of this method was only 0.2 seconds
(Wang et al., 2020). The result of the current
study was also compared with results
obtained from different methods dedicated
for Libyan vehicles in terms of accuracy for
each stage and overall accuracy as shown in
Table 1.

Detection Segmentation

Recognition Overall accuracy

Method (%) (%) (%) (%) No. images
(Abdella, 2016) 67.5 - 81.4 25 200
(Algablawi et al.,

2013) 96.15 85 92.19 75 104

The proposed method 97 92 96 83.3 100

Figure 20 shows the MATLAB graphical user
interface (GUI) used. This GUI has an option
to load a stream from a camera. The figure
also displays three examples of successful
results under different light conditions, where
pictures were taken at different times during
the daytime. The angles of the capturing were
slightly different among images. However,
all images contain the front part of vehicles
because the system is designed for gate
entrance. The algorithm was able to
recognise the vehicle license plate number
and present the result as a text at the bottom
of the MATLAB GUI. As mentioned before,
there are three stages for the recognition
algorithm. The algorithm might fail at any
stage of them. As a consequence, it affects
the software performance. Figure 21 displays
two instances of unsuccessful results. The
source of error in the top image was due to

the detection step. The software could not
localise the correct position of the vehicle
license plate. Therefore, it failed in the
subsequent stages. In the second example of
Figure 21, the algorithm succeeded in the
first and second stages, but it failed in the last
stage. The software was not able to identify
the license plate number correctly because
the digits were ambiguous. The ambiguity
caused the numbers to be cut in the middle,
which produced many objects during the
segmenting stage.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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CONCLUSION

This paper presented a model for recognising
Libyan car license plates. The procedure
starts by detecting the car using an ultrasonic
sensor. The Arduino sends a signal to the
interface, which was designed by MATLAB
to start capturing the vehicle. Then, the
algorithm extracts the location of the vehicle
plate in the image using a vertical and

horizontal histogram. Next, the number
segmentation  is  accomplished  using
connected-component labelling, which is

followed by histograms of oriented gradients
(HOG) for features extraction operation.

Finally, the support vector machine (SVM) is
utilized to recognise digits. As a result, the
gate is opening while the green led is being
turned on for authorised vehicles, otherwise
kept closed. As future work, collecting more
vehicle images is a target to widen the
proposed database in which deep learning can
be used to improve the recognition rate. To
reduce the cost of the current hardware, an
embedded system such as Raspberry Pi could
be used as the main board of the recognition
software. In  addition, a low-level
programming language such as C++ could be
used to lower the computation time cost.
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Abstract: Henna is frequently used as body adornment in Libya, the Arabic world, and some
African and Asian countries. It is part of the traditions and cultures. The addition of para-
phenylenediamine (PPD) to the natural henna increases the risk of allergic contact dermatitis
as well as toxic effects, which sometimes lead to severe toxicity and death. Cases have
already been reported in Al-Bayda city - Libya. This study aimed to identify the presence and
determination of PPD in henna by High-Performance Liquid Chromatography (HPLC). In the
current study, eleven henna samples were collected from local markets in Al-Bayda - Libya.
A rapid, simple, and reliable method is developed and validated for the determination of PPD
in henna samples using 50% methanol solution as solvent. The method is validated over a
wide linear range of 5 — 25 pg/ml with correlation coefficients being consistently greater than
0.997. The minimum PPD level was observed in a random sample of mixed henna (paste2)
(0.0104 % wiw), while the Royal Black Henna sample showed the highest PPD content
(11.9107 % w/w). The HPLC measurements indicated that the results of PPD concentrations
in the Royal Red henna sample and Shikha henna (natural henna) were PPD free (ND) (Not
Detected). The concentrations in Black henna samples were higher than Red henna samples.
The PPD content in red henna samples analyzed in this study is below the allowable limits set
by the Scientific Committee on Consumer Products (SCCP) and the US Food and Drugs
Administration. While in Black henna samples it was higher than that recommended limit.

Keywords: Black Henna; Red Henna; PPD; Methanol; HPLC

INTRODUCTION

Henna or Hina Lawsonia inermis .L, family
Lythraceae is a flowering plant or shrub
native to tropical and subtropical regions of
Africa and Southern Asia. Henna is
commercially cultivated in Morocco, Sudan,

India, Pakistan, Yemen, and other countries.
Henna body art is done by putting henna
paste on the skin. The henna paste is made
by drying the henna leaves and crushing them
to powder, and then this powder is combined
with oil or water to form the paste. The henna
paste is applied to the skin, the dye called
lawsone present in henna leaves extract
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would migrate from the paste to the skin
outermost layer, and when the paste is kept
on the skin for longer, more lawsone
migrates, resulting in a red-brown stain
(Robert, 2002). Since the bronze era in the
eastern Mediterranean, henna has been used
to beautify women's bodies during wedding
celebrations and other social gatherings.
Henna is used for skin adornment and hair
coloring during social events in the Arab
world and the Indian  subcontinent,
particularly during wedding celebrations,
people adorn the bride and sometimes groom
with henna (Doumas and Doumas, 1992).
Paraphenylenediamine (PPD) is a chemical
substance that is widely wused as a
permanent hair dye. It is anorganic
compound with a chemical formula of
CeHa(NH2)2. This derivative of anilineis a
white solid, but samples can darken due to air
oxidation (Puri and Puri, 2013). It is mainly
used as a component of
engineering polymers and composites, and
also an ingredient in hair dyes as well as used
occasionally as a substitute for henna (Puri
and Puri, 2013; HSDB, 1993).
Paraphenylenediamine (PPD) is a monocyclic
arylamine compound. It is a white to light
purple powder that oxidizes, turning first to
red, then brown, and finally to black on
exposure to air (HSDB, 1993). In addition to
hair dyes and henna, PPD may also be found
in textile or fur dyes, photographic
developing agents, dark coloured cosmetics,
temporary tattoos, photocopying and printing
inks, black rubber, oils, greases, gasoline,
and as an antioxidant in rubber compounds
(Puri and Puri, 2013; HSDB, 1993). Its use is
being supplanted by other aniline analogues
and derivatives such as 2,5-diamino
hydroxyethylbenzene and 2,5-
diaminotoluene. Other popular derivatives
include tetraaminopyrimidine, indoanilines,
and indophenols. Derivatives of
diaminopyrazole give red and violet colours
(Thomas et al., 2007). Individuals may be
occupationally exposed to PPD during its
manufacture or use, and the exposure may
occur through inhalation, skin and/or eye

contact, and ingestion (SCCP, 2006). In the
case of short-term exposure to high amounts
of PPD (acute toxicity), the symptoms
include severe dermatitis, eye irritation with
tearing, asthma, gastritis, renal failure,
vertigo, tremors, convulsions, coma, and
death. On the other hand, long-term exposure
(chronic effect) might lead to eczematous
contact dermatitis (Kind et al., 2012; Jacob et
al., 2008; Lepoittevin and LeCoz, 2007).

Currently, PPD is added to henna and more
than 1000 hair dye formulations marketed all
over the world (Stanley et al.,, 2005).
Epidemiologic studies demonstrated that
workers in the textile dye and rubber
industries, hair dye users, and barbers
incurred a high risk of bladder cancer, non-
Hodgkin's lymphoma, multiple myeloma, and
hematopoietic cancers (Thun et al., 2005).
Carcinogens usually cause genomic damage
to expose cells which may either undergo
apoptosis or proliferation with genomic
damage and potentially lead to
transformation in cancerous cells (Steller,
1995). Some analytical methods are
developed for the determination of PPD in
henna, hair dyes, and other products by
HPLC (Elmanfe et al., 2019; Al-Suwaidi and
Ahmed, 2010; Ursula et al., 2002; Yoshiaki
and Masa-aki, 2000), GC/MS (Stambouli et
al., 2014; Di Gioiaa et al., 2005),
voltammetric method (Inzhang et al., 2011),
emission spectroscopy (Kessarin et al., 2012)
and some spectrophotometric methods are
reported.

The spectrophotometric methods have their
relative merits. But the methods are carried
out with time-consuming diazotization
followed by coupling with N-(1-naphthyl)
ethylenediamine (Nitin et al., 2010), which
involves oxidation of the compound
converted into salt measured colorimetrically
(Hilton, 1960), and coupling of triclosan with
reagent  2-aminonaphthalene-4,8-disulfonic
acid with low-level detection (Olexander and
Natalia, 2010). Another method is based on
the reaction of sodium nitrite with p-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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sulfanilic acid in an acidic medium to form a
diazonium ion. Triclosan then further formed
an azo compound in an alkaline medium
(Huihui et al., 2009). Determination of
triclosan in antiperspirant gels by first-order
derivative  spectrophotometry was also
developed (Du et al., 2011).

The present study was aimed to develop a
simple, sensitive, rapid, reproducible,
precise, and accurate spectrophotometric
method and HPLC techniques for the analysis
of PPD. This method was based on other
methods recommended by other researchers
with some modifications, in order to isolate
and determine PPD in hair dyes and henna
(Elmanfe et al., 2019; Latha et al., 2014; Al-
Suwaidi and Ahmed, 2010). The method used
is more rapid and simple when compared
with other methods (Latha et al., 2014; Al-
Suwaidi and Ahmed, 2010). The objectives
of this study were to detect the presence and
concentration of PPD in henna available in
the Libyan market because of the increased
risk of toxicity caused by this ingredient, and
several death cases have been reported in the
past few years in Libya, especially in El-
Bieda city.

MATERIALS AND METHODS

Chemicals and reagents: All chemicals,
analytical standards, reagents, and solvents
used throughout this study were analytical
grade and highly pure. PPD (Para-
Phenylenediamine) was purchased from
(India-ResearchLab) with a purity of 97 %
(for research and development). Also, other
chemicals and solvents were used, including
Methanol (Riedel-Dehaen AG  Seelze
Hannover) with 99.9 % purity (for HPLC) as
a solvent, Ammonia (BDH-Laboratory), and
Acetic acid (Riedel-Dehaen AG Seelze
Hannover) with 99.8 % purity.

Chemicals : Standard PPD solution : 0.01 g
in 100 ml (0.10mg ml') solution was
prepared. Working standards were prepared
by appropriate dilution of the stock. (5, 10,

15, 20, and 25 pg ml?). Aqueous methanol
solution. 50 %. Acetic acid solution 0.05 M:
2.88 ml of acetic acid in 1000 ml distilled
water and adjusted to a pH of 5.9 with
ammonia. This solution was used for HPLC
as the aqueous mobile phase.

Instrumentation: The HPLC  system
(Thermo Series 2000 Pump) Autosampler,
Series 200 UV/Vis Detector (from 190 to
1000 nm, The Series 200 Autosampler, Series
2000 Analytical Pump, Series 200 Column
Oven, and 20 pl loop injector. The stationary
phase represents the analytical column was a
Brownlee Bio C18 column of 250x4.6 mm
and 5 pm particle size.

HPLC operating conditions:

Instrument: The HPLC system (Thermo
Series P2000 Pump)

Column:  Brownlee Bio C18 column of
250x4.6 mm and 5 um particle size.

Mobile Phase: A: 85% acetic acid buffer; pH
~5.9; B: 15% methanol

Flow rate: 1.5 ml/min. Injection: 20 pl. Tr:
2.1 min for PPD.

Standard Solutions (Calibration curve):
Figure (1) shows the RP-HPLC
chromatograms of different concentrations of
PPD (5 - 25 pg/ml). To determine the
standard curve of PPD concentration.
Standard solution of PPD (0.1 mg/ml) was
prepared by weighing pure PPD substance
(0.011 gm) and dissolving it in 50 % aqueous
methanol solution (100 ml). Five standard
solutions of PPD were prepared by dilution
of stock PPD solution using a concentration
in the range of 5 -25 pg/ml, as shown in
figure (2).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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order to isolate and determine PPD in henna
and hair dyes (Elmanfe et al., 2019; Mounika
and Kinnera, 2015; Latha et al., 2014; Al-
Suwaidi and Ahmed, 2010). One gram of
each of the collected samples was weighed
and transferred into a 50 ml volumetric flask
and diluted with 50 ml of 50% aqueous
methanol solution, then filtered after 15
minutes. Finally, one ml of filtrate was
diluted to 5 ml with 50% aqueous methanol
solution and analyzed for PPD by RP-HPLC.
To confirm the identity of PPD in samples,
one ml of the standard was diluted to 5 ml
with 50% aqueous methanol solution and
analyzed before analyzing any sample to

determine its retention time.
Table: (1). Henna samples characteristics

Figure: (2). Calibration curve for standard solutions
of PPD, expressed on a linear scale.

The standard linear calibration curves
obtained from the analysis of the standard
solutions presented in figure (2) showed a
good linear relationship between the peak
area and concentrations of the standard
solutions of PPD.

Sample collection: Eleven samples were
collected from local markets in El-Bieda-
Libya. Four of these samples were Libyan
products, and two were random samples of
mixed henna. The rest of the samples were
imported from different countries, as shown
in table (1).

Sample preparation (PPD extraction
procedure): The extraction procedures were
carried out with some modification and
development, based on the other studies in

N© Sample Name Source
s1 Royal Black Henna Top Line Exam
(For Hair) Inc,(India)
Royal Chestnut .
S2 Colour Henna (For Top _Llne Exam
. Inc,(India)
Hair)
s3 Royal Red Henna Top Line Exam
(For Hair) Inc,(India)
Indu Alhilal Perfumes
Factory. Makkah
S4 Aroos Alhelal Henna Almukarama-Saudi
Arabia
S5 Shikha Henna Al-Madina Company -
(Nutural Henna) Libya
s6 Sabaia Henna Al-Madina Company -
(Nutural Henna) Libya
S7 Tag Henna Omdurman_ Sudan
ss Tayeba Henna (Kone Pakistan
Poste)
s9 - Rani Kone Henna o i Arabia
Paste
Random Samples of A
S10 Mixed Henna '(\l/l_%dni;nMI;géa
(Paste)l .
Random Samples of A
S11  Mixed Henna I(\I/I—I%drﬁemMI;gg/)a
(Paste)2

Statistical analysis: The data were analyzed
using Minitab version 18 software and
Microsoft Office Excel. The statistical
differences in some henna samples were
tested using one-way ANOVA, subsequently
followed by LSD test (the least significant
difference) to  determine  significant

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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differences between the concentrations of
PPD in different samples p values < 0.05 is
considered significant.

RESULTS AND DISCUSSION

The results indicate that the PPD levels in
henna samples were in the range of 0.0104 %
w/w - 119107 % w/w. These results are
shown in table (2) and figure (3). The
modified extraction method used in this study
provides many advantages, including cheap
cost and simplicity. Furthermore, it is easier
than SFE techniques. The minimum PPD
level was observed in the random sample of
mixed henna (paste2) (0.0104 % w/w), while
the highest PPD level was observed in the
Royal Black Henna sample from India
(11.9107 % w/w) as shown in table (2) and
figure (3). While some of these samples were
free from PPD (not detected), for example,
the Royal red henna sample and Shikha
henna (natural henna). The results indicate
that PPD concentrations were in Black henna
samples higher than Red henna samples. In
general, there were different concentrations
of PPD in henna samples, and these results
indicate  that there were significant
differences between sample (1) and other
samples at (p < 0.05). While for samples (3)
and (5), there are no significant differences at
(p < 0.05). The PPD content in red henna
samples analyzed in this study is well below
the allowable limits set by the US Food and
Drugs Administration and the Scientific
Committee on Consumer Products, which is
(4 - 6 %) (SCCP, 2006), while in Black henna
samples were higher than that recommended
(Al-Suwaidi and Ahmed, 2010; SCCP, 2006).

Validation of the used Method: There are
different factors that are wused in the
validation of the analytical methods
including: Linearity, Accuracy, Precision,
RSD%, Recovery, LOD, LOQ, etc.

Table: (2). Concentrations (% w/w) of PPD in
different samples by HPLC

n° Sample Name PPD(% w/w)
g1 Royal Black Henna 11.9107
g2 Royal Chestnut Colour Henna 3.1768
g3 Royal Red Henna ND
g4 Aroos Alhelal Henna 0.4810
SHIKHA HENNA (Nutural ND
S5 Henna)
SABAIA HENNA (Nutural
S6 Henna) 1.2115
g7 TagHenna 0.3329
gg Tayeba Henna(Kone Poste) 0.2778
g9 - Rani Kone Henna Paste 0.04367
Random Samples of Mixed
S10 Henna (Paste)l. 0.0165
Random Samples of Mixed
S11 Henna (Paste)2 0.0104
ND = (Not Detected)
14—
12
2 10
~
2 38
X
M E
a 4 i R h
2 o B i
. [ m I ﬁ L L T T
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Sil
Sample number

Figure: (3). Analysis of the concentration (% w/w) of
PPD in different samples by LSD

Linearity: To determine the linearity of
HPLC response, standard solutions of PPD
were prepared. Good linear correlations were
obtained  between peak areas and
concentrations in the selected range of 5— 25
pg/ml.  Characteristic ~ parameters  for
regression  equations and  correlation
coefficients are given in table 3. The linearity
of the calibration curve was validated by the
high value of correlation coefficients of the
regression graph. A peak tailing (As ~1.94) is
observed in this case. Calibration standards
(calibration curves) were prepared and
demonstrated a linear response (R? =0.997)

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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over a5 -25 ug/ml.

Limit of detection (LOD)and Limit of
quantitation (LOQ): The limits of detection
and quantification were determined to be
1.21 and 3.67 pg/ml for PPD respectively,
which was more sensitive than the previously
reported method (Mounika and Kinnera,
2015).

Accuracy and precision: The precision of the
proposed method were also determined by
running calibration series solutions at 5-25
pg/ml and then was evaluated in term of
repeatability and expressed as the relative
standard deviation (RSD,%). The result of
precision ranged between 0.09 and 1.15 %,
indicating good repeatability. The validation
parameters for PPD are summarized in table

(3).

Table: (3). Summary of validation data for the
quantification of PPD using Brownlee BIO C18
column (250 mm x 4.6 mm i.d., particle size 5 pum);
mobile phase: Acetic acid buffer and methanol
(85:15); detector wavelength: 240 nm.

Parameter PPD
tr (Min) (to = 1.95 min?) 2.13
Capacity factor (k) 0.12
Symmetry factor (As) 1.94
LOD (pg /ml) 121
LOQ (ng/ ml) 3.67

(592.56) N expressed in

N (plates) 148.14
plates per metre

Coefficient of regression 0.997 (y = 63782 x -
(R?) 10647)
Precision (%RSD) N=3
25 pg/ ml 0.23
20 pg /ml 0.29
15 pg /ml 0.09
10 pg / ml 0.33
5 pg/ml 1.15

CONCLUSION

In this study, a new method was developed to
determine the concentration of PPD, which is
reliable and may be wused for further
investigations. The validated method was
successfully applied for the determination of
PPD in different brands of commercial

hhenna. In summary, these results show that
analysis of PPD in henna samples using
HPLC shows differences in concentrations of
PPD. The PPD content in most of the henna
samples in the study was below the allowable
limits set by the US Food and Drugs
Administration and the Scientific Committee
on Consumer Products, while in Black henna
samples, they were higher than that
recommended. More caution must be taken
when using henna and other dyes, especially
those of black color and unknown origin.
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Abstract: The recommended treatment for visceral and cutaneous leishmaniasis is
pentavalent antimony at a dosage of 20 mic/kg/day for 28 days. Some studies suggested that
antimonial pentostam has multiple acute and chronic adverse effects, which can be minimized
by using the lowest effective dose. The present study is aimed to evaluate the hepatotoxicity
effect of sodium stibogluconate (pentostam) in mice as a model. Adult male albino mice were
divided into three groups, seven mice each, injected with 20 mic/kg pentostam in addition to a
control group. Later 14 days, groups I, I11, and 1V were tested after one, three, and six weeks
respecttively. The mice’s serum and liver tissues were collected, and biochemical and
histopathological measurement were carried out. Biochemical analysis of the serum obtained
showed a significant increase in the levels of AST, ALT, and ALP in groups Il and Il when
compared with the control group. In parallel, the histopathological assessments of the liver
tissue proved hepatocytic necrosis. From this study, it can be concluded that the antimonial
pentostam has a hepatotoxicity effect on treated mice.

Keywords: Leishmaniasis, Pentostam, Hepatotoxicity, Albino Mice.

INTRODUCTION sandflies that frequently feed in the early

evening (Killick-Kendrick, 1990).

Leishmaniasis is an important tropical  Leishmaniasis, like most protozoan diseases,
disease targeted by the world health s largely a problem of developing countries.

organization (WHO) (Meeting &  Therefore, there is a need to improve cheap
Organization, 2010) that affects both humans and effective anti-leishmanial drugs.

and animals (Dantas-Torres, 2006). There are

several different forms of leishmaniasis in Pentavalent antimonal agents (Sbv), such as
people. It comes mainly in two forms: sodium stibogluconate (pentostam) and N-
cutaneous (CL) and visceral leishmaniasis, methylglucamine antimonite (glucantime) are
(VL) (Pearson & de Queiroz Sousa, 1996). first-line drugs for treating leishmanial
The natural hosts of leishmaniasis are forest infection (Gupta, 1953). Although the
rodents, while the disease is transmitted by pentavalent antimonial sodium stibogluconate
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(Pentostam) was first recognized as clinically
effective in 1947 (Berman, 1988). Several
studies have confirmed that pentavalent
antimonials, in adequate doses, are effective
against several types of leishmaniasis.

Pentavalent antimonials are usually used
despite their toxicity, intricate administration,
a quite high cost of treatment, and the
appearance of resistant parasite strains. There
is a study that recorded transitory
abnormalities of serum alanine
aminotransferase (ALT) which are dose
related, during treatment of CL with sodium
stibogluconate (Behrens & Doherty, 1993).
While another study recorded on CL patients
an increase in both ALT and glutathione S-
transferase B1 (GST) and a fall in the
caffeine clearance (CCL) (Hepburn et al.,
1994). On the other hand, various studies in
patients with VL have been reported that
sodium stibogluconate (Pentostam) caused
various adverse effects such as anorexia,
abdominal pain, diarrhea, nausea, vomiting,
pancreatitis, reversible elevation of liver
enzymes, myalgia, arthralgia, proteinuria,
phlebitis, optic atrophy, acute kidney injury,
hepatic necrosis, and bone marrow
hypoplasia (Gupta, 1953; Harrison et al.,
1998; Thakur et al., 1988).

The aim of the present study is to evaluate
the Hepatotoxicity of Sodium Stibogluconate
(Pentostam) in mice as a model.

MATERIALS AND METHODS

Experimental design: Adult albino mice
weighing 25-35g at the age of 8-10 weeks.
The animals were housed in standard
laboratory conditions of temperature, 12 h
light and dark places, with food and water ad
libitum. The animals were separated into four
groups of seven animals each. Group |
(control group), was treated with distilled
water as a vehicle for 14 days. All the
animals of groups II, Il & IV were
administered with pentostam at a dose of 20
mg/kg b.w. once a day intra-peritoneal (IP)

injection for 14 days. Seven days after
receiving the final dose, the mice of group Il
were tested, while group 111 were tested after
three weeks, and group 1V were tested after
six weeks.

Biochemical analysis: Blood samples were
placed into ice-chilled disposable siliconized
glass tubes. Centrifugation of the blood
samples was carried out at 4000 rpm at 4°C
for 15 min to get serum, which was kept at -
20 °C for assessing serum enzyme levels. The
concentration of the serum enzyme, like
alanine  aminotransferase  (ALT), was
measured by Hitachi-902 fully automated
chemistry analyzer by Roche diagnostics
(Bergmeyer et al., 1986a), aspartateam-
inotransferase (AST) by Hitachi-902 fully
automated chemistry analyzer by Roche
diagnostics (Bergmeyer et al., 1986b), and
alkaline phosphatase (ALP) levels were
measured by Hitachi-902 fully automated
chemistry analyzer by Roche diagnostics
(Tietz et al., 1983).

Histopathological Studies: After blood
collection, the livers of each animals group
were dissected and preserved in the formalin
solution. The specimens were fixed in
paraffin to prepare for sectioning (4-5 um)
then subjected to hematoxylin and eosin stain
(H & E) for photomicroscopic observations
(Galigher & Kozloff, 1971).

Statistical analysis: The data are expressed
as Mean + SEM. The study results were
analyzed using one-way ANOVA followed
by a Tukey test (SPSS versionl19). The level
of significance was P < 0.001 and P <
0.0001.

RESULTS
Effect of IP injection of Sodium
Stibogluconate (Pentostam) on Liver

enzyme ALT, AST, and ALP levels (U/L)
in albino mice: The results of liver function
tests in this study revealed a significant
increase in the levels of AST, ALT, and ALP

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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enzymes in group Il that was put down after
seven days of IP injection of pentostam, in
comparison with the control group (Table 1).
While the serum AST level decreased to
normal levels in administrated group Il that
were put down after 21 days of treatment, on
the contrast of ALT and ALP enzymes
concentration in the same group compared to
the normal group. In addition, there was no
significant change in these parameters in the
animals of group IV compared to the control

group.

Table (1): Effect of IP injection of Sodium
Stibogluconate (Pentostam) on liver enzymes.
Enzyme Control  Group Group Group
group I 1l v
ALT 205.14  308.00 27742+ 215.42
(U/L) +19 4.2 * 4.6* +23
AST 83.85+ 14242+ 8871+ 8457+
(U/L) 1.4 2.3** 0.5 0.9
ALP 112.00 202.71+ 171.00+ 115.85
(U/L) +2.1 0.86* 0.84* +1.2

All values are presented as Mean + SEM, n =7,
*P <0.001, **P <0.0001.

Histopathological study: Histopathological
studies of mice liver tissue from Group |
animals show normal hepatic cells with a
central vein (Fig.1).

In the pentostam treated group (Group II),
severe hepatotoxicity was observed by
congestion of the central vein and portal
blood vessels with marked hepatocellular
vacuolar degeneration and severe necrosis. A
mild degree of restoration of a large number
of hepatic cells with mild vacuolar
degeneration and scattered necrotic cells was
observed in Group Ill, and normal liver
architecture ~ with  normal  hepatocytes
arranged in normal sheets or cord around the
central vein in Group IV (H&E, x400) (Fig
1).

Figure (1): (H&E, x400): A: Photomicrograph of
liver tissue of control group showing normal hepatic
cells with central vein.

B: Photomicrograph of Group Il showing severe
necrosis (short arrow) with congestion of the central
vein (long arrow) and disappearance of nuclei.

C: Photomicrograph of Group Il showing normal
hepatocytes with mild vacuolar degeneration (short
arrow) and scattered necrotic cells (long arrow).

D: Photomicrograph of Group IV showing normal
liver architecture with normal hepatocytes.

DISCUSSION

The liver is considered to be highly sensitive
to toxic agents. The study of different
enzyme activities, such as ALT, AST, ALP,
total bilirubin, and total protein have been
found to be of great value in clinical and
experimental liver damage assessment
(Vaishwanar et al., 1976). It was observed
that the animals treated with pentostam
resulted in significant hepatic damage, as
shown by the elevated levels of liver
enzymes. These changes in the enzymes’
levels will reflect in hepatic structural
integrity. The elevation in the AST is usually
accompanied by a rise in ALT levels, which
plays a vital role in the conversion of amino
acids to keto acids (Sallie & Tredger, 1999).
On the other hand, the serum ALP level is
related to hepatic cell damage. An increase in

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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serum levels of ALP is due to increased
synthesis in the presence of increasing biliary
pressure (Moss & Butterworth, 1974). Our
results are in agreement with the study which
reported increases in AST and ALT levels in
the treatment of CL in US military personnel
with sodium stibogluconate (Wortmann et al.,
2002). Six weeks after treatment, ALP, ALT,
and AST levels had almost returned to
normal. Our findings indicate that sodium
stibogluconate is associated with acute
hepatocellular damage.

This damage ceased after therapy stopped
and was rapidly reversible. These results are
consistent with the results of the research
which compare the efficacy and adverse
effects of sodium stibogluconate and the
aminoglycoside aminosidine in CL patients
and reported increases in ALT and AST
during treatment with sodium stibogluconate,
associated with a fall in caffeine clearance
(Hepburn et al., 1993). After six weeks of
treatment, ALT and AST had almost returned
to pretreatment levels in every patient
(Hepburn et al., 1994)

The histological examination of the liver
tissue of albino mice was shown severe
necrosis  with  hepatocellular  vacuolar
degeneration after seven days of pentostam
injection, and a mild degree of necrosis with
normal cells after three weeks of treatment. A
recent study has published hydropic
degeneration, focal and hepatocytic necrosis
in the 20 mg/kg pentostam treatment group,
and an irregular area of hepatocytes with
condensed pyknotic nuclei (hepatocyte
necrosis) in the 40 mg/kg pentostam group
(Elammari & Sariti, 2021). Our findings are
in agreement with the reality that the liver is
highly oversensitive to being affected by
toxic chemicals (Afshar et al., 2008).
Moreover, other researchers reported that
accumulation of pentostam is directly toxic to
hepatocytes, this hepatocyte toxicity is
increased by increasing the pentostam dose
and duration time (Al-Jahdali & Bisher,
2007).

CONCLUSION

Biochemical investigation and
histopathological analysis of liver tissue still
have an important role to evaluate drug

toxicity. The treatment of mice with
therapeutic doses of pentostam induced
hepatotoxicity = characterized by clear
histological changes in the liver. These

histological changes needed about six weeks
to return to normal. Consequently,
pentavalent antimony pentostam may be
included in the large list of offending agents
that can cause drug-induced hepatotoxicity
that requires more research.
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Abstract: Currently, land shortage for solid waste in most urban areas is a significant and
growing potential problem. Although some efforts are made to decrease and recover the
waste, landfill is still the most common process for waste disposal. Site selection of solid
waste dumping in urban areas is a serious subject because of its huge effect on the economy,
ecology, and environmental health. Consequently, several criteria must be created because of
the difficulty of the parameters to select the process for combination in social, environmental
and technical parameters. In this research, the most appropriate sites for locating dumping
garbage are determined using the Geographical Information System (GIS) by implementing
both methods Boolean logic model and Index overlay model. Based on several objectives, a
provided spatial data set consisting of several maps in the form of layers, such as land use,
geological distribution, landslides, etc., were used in the modeling process to choose the best
site to dump the garbage of Chinchina city that used as a case in this application. The findings
show that the Boolean logic model identified only two areas that met the criteria, whereas the
Index overlay model identified three important classes through weight; unsuitable, moderate
and suitable regions for construction waste disposal.

Keywords: Boolean logic and Index overlay models; Chinchina; Geological and topographic
maps; Geographic information system; Site selection of waste disposal.

INTRODUCTION

There is an increasing commercial in terms of
residential and infrastructure improvement
because of the growth of population, which
negatively affects the environment, such as
waste disposal and the selection of unsuitable
areas that leads to various problems, such as
groundwater contamination and no control of
gas emissions of a landfill that cause an
explosion. Moreover, the permitting and
sitting requirements and its operation, also,
people’s awareness and rising degradation,
increasing cost, community and political
opposition, the shortage of areas availability
and concerning of public health to participate

in the difficulty of selecting suitable land for
waste dumping Sener et al. (2006).
Nowadays, there is no uncertainty that waste
management is essential for the environment;
it includes; reducing the waste, recycling,
high tech collection, compacting the waste,
thermal treatment and sanitary landfills. The
mentioned strategies focus on environmental
protection in waste management (Daneshvar
et al., 2005). Therefore, locating a waste
disposal site in a suitable area is time-
consuming.

Waste management is one of the issues that
face decision-makers around the world. This
issue is mainly squeaky in the town, where
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increased urban development, poor planning,
and adequate deficiency contribute to worse
waste disposal management (Obirih-Opareh
& Post, 2002). The main problem related to
unsuitable waste disposal management
includes the transmission of diseases, fire
risks, inconvenience smell, atmospheric,
water contamination, visual harassment and
economic damages (Jilani, 2002).

Selecting a waste disposal site (landfill) is a
significant  question  facing  domestic
authorities because it represents a meeting
point of planning, social science, and science
(UNEP-IETC, 1996). (Kao & Lin, 1996)
mentioned that many factors have to be
considered and assessed carefully, which
caused minimum impacts to the environment,
economy, and society and conforming with
the regulations that are finally accepted by
the public. This issue faces the managers and
planers of the municipality as decision-
makers around the world. The criteria and
rules for site selection of solid waste are
almost similar around the world, with some
limitations related to locality. On the other
hand, some criteria factors may conflict with
each other; so, several compromises are
required if the process occurs (Michael,
1991).

Kao and Lin (1996) pointed out that site
selection analysis can enhance by using GIS
‘Geographic Information System’. It is a
proper tool to select the best site because it
has planning and operations that depend on
spatial data that derive from different sources
and can process a large amount of data and
information displayed according to operator-
defined specifications. GIS is a tool that
could be time-saving and reduce the cost of
the selection of the land, moreover produce a
bank of digital data to be used as a monitor
program in the future. In addition, GIS can be
beneficial to decrease uncommonly the sites
that should be tested on the location and the
decision of selecting site has been taken after
field trip observation (Daneshvar et al.,
2005).0ne of the most critical data inputs for

the modelling of site selection of the solid
waste dumping is the geological maps and
topographical maps, which appears in this
study as Digital Elevation Model (DEM).
Geological maps are used to manage the
Earth's resources and resolve environmental
hazards; it is an essential source of
information related to planning and land use
management, locating places that could be
polluted, including solid waste dumping, as
well as defining aquifers to be safe from the
pollution (Bernknopf, 1993).

Geological maps sheets are converted into
digital maps that are used as interactive
spatial documents, where all the displayed
data are combined with the interpretation of
physical and chemical phenomena of the
earth. Then set them as geological maps,
which are collected with the databases of the
geographical information system (GIS) to
contribute in resolve much geological and
hydrology suspended issues, including the
bedrock spatial distribution of the permeable
and  non-permeable  stratigraphic  and
prospective places of pollution, as well as the
volume of landuse (Tudor & lon, 2009). This
detailed information collected about the
geology of an area helps decision-makers
suggest the best decisions to participate in the
development and  sustainability  plans
(Bernknopf, 1993).

Topographic maps display elevation or three-
dimensional topography and two-dimension-
ally and the topographic maps contain
contour lines that show elevation. However,
the maps were primarily utilized for military
planning and later used for many purposes
(Kauffman, 2015). These maps are most
commonly produced of Digital Elevation
Model (DEM) and could be derived from a
set of source data such as; ground surveys,
aerial photographs, and Stereo-pairs such as
with ASTER, SPOT and IRS satellite
imagery. Digital Elevation Model is a
computer performance of the land surface
from topographic parameters, for instance,
slope, upslope area, and the topographic

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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index, which can be digitally produced. (Liu
et al., 2009).

In this research, multiple maps methods for
empirical modelling were combined in a
geographic information system (GIS) using
ILWIS software incorporated into ITC's. In
this case, two techniques were done to
analyze multiple maps as described by
(Bonham-Carter, 1994) to inspect the study
area to obtain a suitable site for throwing
solid waste.

MATERIALS AND METHODS

The study area of this project was Chinchina
town, which is located in Colombia, south of
America, as shown in Figure 1. This town
requested to explore suitable areas to dump
waste because around 150,000 populations
dump their garbage in the river. Due to
raising awareness of the environment, the
town's Municipality has established working
with decision-makers to find out the best
location for that purpose

@ Chinchina
% Colombia

Figure: (1). The study area of chinchina city

GIS models are used to carry out the analysis
for the chosen area selected. Six criteria were
developed based on the input data maps done

by the planning department teams, including
specialists in geology, geomorphology,
hydrology, and engineering (Van Westen,
1997). The following six criteria have been
taken into account in order to select suitable
areas for waste disposal;

1. It should be built away from active
landslides, or later maybe it will be
active.

2. The landfill must be built on a ground
with a slope of fewer than 20 degrees to
reduce erosion.

3. Construction areas and agricultural lands
and forests should be excluded, as the city
of Chinchina are one of the most critical
coffee-growing areas in the Republic. It is
recommended to select areas that are not
of economic or environmental
importance.

4. The site is being built up at a distance of
at least 2 km from the city center and
more than 300 meters from the
countryside around the town.

5. Soil layers should be rich in clay, with a
thickness of five meters or more, and the
permeability of the soil should be less
than 0.05 meters/day.

6. The area of the site to be selected should
be one hectare or more.

The model and analysis are required using
the ILWIS software. Various methods have
been tried to gain a better understanding and
results. The following Table 1 shows the
input data set available for these models.
Also, the methodology uses a Geographic
information system (GIS) in order to evaluate
the whole region related to specific criteria
for the analysis and select suitable landfill
sites (Abesi & Saeidi, 2009). Two methods
were used in this work; Boolean logic model
and Index overlay model, which are presented
in the flowcharts below as shown in Figures
2a and 2D, respectively

Boolean logic model: In this technique, each
input map is represented for each factor
(Sastry, 2020), the user looks for areas that

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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meet definite conditions to create a binary
map. After a condition is met, it is indicated
with a ‘true’ and takes Value 1; if it is not
met, that means; it is indicated with a ‘false’
and takes Value 0. This shows each
criterion's suitable and unsuitable pixel
locations ‘Bitmaps’ to select areas suitable
for waste disposal. Then, input maps
‘Bitmaps’ are combined using Boolean AND
operation to create a binary output map,
representing suitable pixels containing value

1. The output map shows the places
satisfying all criteria needed for this
application. The main advantage is its

easiness, but the disadvantage is the equal
importance of each criterion.

After confirming the input data of the
modeling in this case study which presents
criteria for the site selection. Then starting to
delineate the areas that are suitable locations
for waste disposal for every of the input maps
individually by originating a series of
bitmaps from the input maps to create binary
maps.

All the analysis will be explained in 8 steps
by using the formula each formula is
matched by one of the conditions that have
been previously mentioned.

| slide || Slope || Landuse || City || Borehole || Geolozv |
L]
| Step 1 H Step 2 ‘ ‘ Step 3 ‘ ‘ Step 4 ‘ Steﬂ

| I .
s |
Step B8 .—1

Figure: (2a). Flowchart of Boolean logic model

Suitslide Suitslope Suituse Suitbuil Suitchin Suitgeol

| | | | |
|

Weight factor

|
| I |

Suifslid*S SuitSlope*4 || Suituse3 || SwitBul'l || SuitChin*2 SuitGeal*6
| | | | |
|

Combination all maps

|

Classify the map

Unsuitable || Moderately suitable || Suitahle

Figure: (2b). Flowchart of the Index overlay model
Index overlay model:

The index overlay technique can provide a
method for assigning various weights to all of
the effective factors maps depending on the
importance of the pattern to the model under
consideration. These weights are defined as a
positive integer number in a specified
interval. In this method, input factors maps
are index weighting with functional on
Binary Evidence Maps with only two classes
(true or false) where each map carries a
single different weight factor, and it is
multiplied by its weight factor, as given in
Eq. (1);
Wi = MAPi (¢D)

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table :(1). Data availability used in the project (Van Westen, 1997)

Input map as
NO. named in the Description Classes contain Source of data
software system
1 Slope Toooaranh slopes indicated in degrees with values A digital elevation
P pography from 0 to 49 meter model (DEM).
Supervised
Built up areas, Coffee areas, Forest and Classification .Of a
SPOT image,
2 Landuse Land use areas shrubs, Green pastures, Degraded land, . .
. improved using photo
River and Lake. . .
interpretation and
field trip.
Chloritic/amfibolitic schists, Dioritic
gabbro, Gneissic intrusive, Lahar
deposits, Lake deposits,
Metasedimentary rock, Mixed debris
3 flow, Ashes and alluvial material, Existing
Geol Surface lithology Mixed pyroclastic, Flow and debris geologmethadical
flow deposits, Porfyritic andesite, maps and fieldwork.
Pyroclastic flow material, Recent
alluvial material, Sedimentary rocks,
Subaquatic lava flows, Weathered
debris flow material
4 Slide Topography and Stable, dormant, active, no landslides Photo- interpretation.
morphology
The topographic map
5 City Boynda_ry . of Chinchina and Outside chinchina and photo-
Chinchina city - .
Interpretation
Geolog!cal unit, 203 boreholes, X-Coordinate of the
Geological units borehol di £ th
age, thickness of the orehole  , ~Y-coordinate of the
soil, cover borehole, Thickness of the soil cover,
6 Borehole - ' Percentage clay of the soil cover, Database
permeability of the o ;
. Permeability of the soil cover,
soil  cover and - . . A
Geological unit from which the soil is
percentage clay of X
. derived
the soil cover
7 Road Main roads Road Photo- interpretation.

represents highly favorable to the criteria.

Then all weighted factors maps are combined
with each other, Eq. (2):

Y™ Wix MAPi ()

Finally, the output map is integrated by the
sum of the weights, as given in Eq. (3):

I Wix MAPI
pelen) @

The value of the output binary map is
between 0, which represents an extremely
unfavorable to the criteria and one which

RESULTS AND DISCUSSION

All the results of the analysis will be
displayed separately as follows; According to
criterion about the waste disposal must be
built away from active landslides or later
maybe it will be active that applied for map
Slide is indicated with pixel value 0
(unsuitable) and the rest with pixel value 1
(suitable) by using the formula;

SuitLandslid =iff ((SLIDE="stable") OR

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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(SLIDE=" no landslides"),1,0), as shown in
Figure 3.

2 SuitLandslic: iff((SLIDE="stable")OR(SLIDE="no landslides"),1,0) - LWIS - u] X "

File Edit Layers Options Help

DOk & & @5 M| [:66260

(830829.15, 1041074.89)

Figure: (3). Suitable landslide for waste disposal

The landfill must be built on a ground with a
slope of less than 20 degrees for each cell of
the raster map. Slope to calculate a map
SuitSlope is indicated with pixel value 1
(suitable) and the rest of the map with pixel
value 0 (unsuitable), by using the formula;
SuitSlope=iff (SLOPE<20,1,0), as shown in
Figure 4.

| £ suitslope: if(SLOPE<20,1,0) - LWIS - o X
File Edit Layers Options Help

D@ % V& &y | B W 166260 |

A SuitSlope - #(S
e s

& Leg
B
L

Figure: (4). The suitable slope for waste disposal

It is recommended to select areas, not of
economic or environmental importance. The
only suitable land use classes are shrubs and
bare. To calculate a map SuitLanduse in
which the areas with land use classes Shrubs
and Bare are indicated with pixel value
1(suitable) and the rest of the map with pixel
valuee 0 by using the formula;
SuitLanduse=iff((LANDUSE="Shrubs")OR(

LANDUSE="Bare"),1,0), as shown in Figure
5.

113 Suitl anduse: iff{(LANDUSE="Shrubs")OR(LANDUSE="Bare"),1,0) - ILWIS = a X
File Edit Layers Options Help

DO & & & n |G | 166260

[ Sutlonduse - 4 |
4 ' Properties ‘

=% Legend

B
m

144,102 ( 829461.71, 1045317.46)

Figure (5). Suitable land use areas for waste disposal

The site has been located within 2 km
distance from the city center of Chinchina,
but less than 300 m from any existing built-
up area, The calculation of distances is
achieved wusing the function Distance
program and the source areas (Chinchina
and built-up area) from which distances are
calculated and assigned zero values, and the
areas through which distances are calculated
with values 1). This criterion will be divided
into two criteria:

The first calculation is done to assign the
map SuitChinchina in which the areas located
at distances less than 2000 meters from the
city of Chinchina are indicated with pixel
value 1(suitable) and the rest with 0
(unsuitable) by using the formula;

SuitChinchna =iff ((Citydistance<2000) AND
(Citydistance<>0),1,0), as shown in Figure 6.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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9 SuitChinchina: iff((Citydistance< 2000)AND(Citydistance<>0),1,0) - ILWIS - o X
| File Edit Layers Options Help

11D | % Qe\ﬁ;rﬁ = 1:66260

547,734 |( 836439.15, 1041180.08)

Figure: (6). Suitable city boundary for waste disposal
The second calculation is to create the map
SuitBuilt in which the areas located less than
300 m from the country side around the town
that indicated with pixel value 0 (unsuitable)
and the rest with 1(suitable) by using the
formula;  SuitBuilt  =iff  (Builtdistance
>300,1,0), as shown in Figure 7.

544,139 |( 829005.90, 1041215.14)

Figure: (7). Suitable built-up areas for waste disposal

The landfill site has been constructed on
clay-rich soils (with more than 50 percent of
clay), with a soil thickness of more than 5
meters and a permeability lower than 0.05
meters/day. To create the suitability map for
this criterion, analyze the borehole data is
needed and stored in the table Borehole
which contains 203 borehole records, using
the function Table Calculation. The original
borehole records were already restructured in
such a way that for each borehole, the
geological unit, the thickness of soil cover,

the percentage of clay and the permeability
are given, then the average of each of the
three variables (average thickness, average
clay content and average permeability) in the
same table, all of the mentioned averages
have been calculated and derived in a column
Suit. From these columns, the geological
units will collect a value of 1 if the
conditions mentioned above are met.

The last step in the calculation of this
criterion is to calculate a map SuitGeological
in which the areas with suitable geological
units (average thickness >5 m, average clay
percentage > 50, and average permeability
<0.05 m/day) are indicated with a value of 1
(suitable) and the rest with a 0 (unsuitable).
This can be done by reclassifying the map
Geology with the column Suit from the table
Geological unit by wusing the function
Attribute Map, as shown in Figure 8.

eological unit' Suitable - ILWIS

K [1:66260

331,160 [( 820374.05, 1043879.89)

Figure: (8).
disposal

Suitable geological unit for waste

In this step, combine the suitability maps
mentioned in the five steps above by using
Boolean AND operator to intersect all six
binary patterns in order to get one map
named SuitAll. by wusing the formula;
SuitAll=iff((SuitLandslid=1)AND(SuitSlope
=1)AND(SuitLanduse=1)AND(SuitBuilt=1)

AND(SuitChinchna=1) AND
(SuitGeological=1) ,1,0), as shown in Figure
9.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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| 22 SuRAl #i(Suitlandsid= TANDISuitSlope=T)AND{SutLanduse= T)ANDISu#Built=TIAND{Sut Chinchine= T = @B X

SS4691 [ 83580568, 10410928

Figure: (9). Combination of all suitable bitmaps
After selecting the most suitable areas in the
previous steps for waste disposal, the next
criterion to meet the suitable areas is large
enough for dumping the waste for a long time
with a minimum area of more than 1 hectare
(10.000 m?). For this purpose surface area of
each pattern have to be known. It can be
calculated for each area by using the
calculation of the histogram to select the met
areas with a map named WasteDisposalSite,
as shown in Figure 10.

| 23 WasteDisposalSite: SuitAreaaNumb Suitarea - WIS - o X

Fie Edt Llayers Options Help

551354 |( 831683.18, 1041127.45)

Figure: (10). Suitable areas more than one hectare for
waste disposal

This is the final site selection that deals
between the different sites by using other
criteria that may play a role in this project the
availability of the site by the road map, as
shown in Figure 11.

Figure: (11). Final Suitable area for waste disposal

The significant advantage of the Boolean
logic model is simple and offers more
facilities to decision-makers to simulate the
real world by creating models and using
spatial data combined with the disadvantage
of the equal importance of each of the criteria
(Malczewski, 1999); however, the
disadvantage of this model is equal
importance of each of the criterion “If, for
example, the team judges that criterion 5 is
much more important in determining the
suitability for constructing a waste disposal
compared to criterion 2” (Van Westen, 1997).
moreover, the model cannot give us more
information about the chosen areas, as well
as, if criteria are rigorous, most of the land is
considered as unsuitable land then is rejected
without any  additional  consideration
(Hatzichristos &  Giaoutzi, 2006). In
comparison, the index overlay method is a
more flexible and quick combination of maps
than with Boolean logic by incorporation of
expert knowledge through weights (Van
Westen, 1997), because of that the method of
Index overlaying with functional on Binary
Evidence Maps was applied in this project as
the second method by assign weights
proportional to the importance assigned to
each of the six binary maps ranging from 0
to1l0 that created only two classes (true or
false), where each map carries a single
different weight factor, and it is multiplied by
its weight factor. All weighted factors maps
are combined with each other. Finally, the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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output map is integrated by the sum of the
weights to create a value between 0, which
represents an extremely unfavorable to the
criteria and 1 which represents highly
favorable to the criteria, the output score S is
defined as;

Z? Wi class(MAPi)
gz (BlMiaeurn )

The following formula is represented in the
software by assigning different weights as
shown in Eq.4;
SuitAllWeight=((SuitGeological*6)+(SuitChi
nchina*2)+(SuitLanduse*3)+(
SuitLandslid*5)+( SuitSlope*4)+(
SuitBuilt*1))/2, as shown in Figure 12.
Classify the map SuitAllWeight in three

classes: Unsuitable, Moderately suitable,
Suitable, and compare it with the map
SuitAll.

“1

- Suitabie ares)
)\. [] moderately
A

Bl (vr-suesvie arca)

Figure: (12). Suitable, moderately, and unsuitable
classes depends on the weight

Table 2 shows areas meter square of suitable,
moderate, and unsuitable cells gained from
the Boolean logic model and Index overlay
model.

Table: (2). Suitable, moderate, and unsuitable areas obtained from Boolean logic and Index overlay model

NO. Sunz?:semap suitable areas m? Moderate areas m?  Unsuitable areas m?

1 SuitLandslid 65827812.5 - 2456406.3
2 SuitSlope 44872968.8 - 23411250.0
3 SuitLanduse 6430312.5 - 61853906.3
4 SuitChinchina 20195312.5 - 48088906.3
5 SuitBuilt 34001406.3 - 34282812.5
6 SuitGeological 13089218.8 - 55195000.0
7 SuitAll 45468.8 - 68238750.0
8 WasteDisposalSite 25625.0 - 68258593.8
9 SuitAllWeight 5009375.1 51812500.2 46803125.1

explicitly uses geological maps and

CONCLUSION topographical maps are used and applied.

In this study, a decision-making model that

This study shows that improvement in the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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information of geological and topographical
maps have an additional and net positive
value to society, which can help planners and
enable them to make superior and solid
decisions regarding land use. It is clear that
the detailed information obtained from these
maps con

tributed effectively and directly to the
determination of the solid waste dump site
and enabled decision-makers to participate in
planning for sustainable development. The
principles developed and improved in this
study are generally applicable to many other
uses of geological map information.

By utilizing a GIS, spatial modeling of geo-
referenced maps can be done effectively and
easy to allow the decision makers to
contribute to the zoning process better than
submitting a hard copy of main plans for
them; therefore it is considered a perfect tool
for this purpose. In this project, wide criteria
can develop even if the siting situation is well
defined. To confirm that the decision makers
take consistent and right decisions to evaluate
the location selected. The criteria used in this
work are inconstant factors because it can
differ from site to site and can be changed
depending on the analysis. Many simulations
can be achieved by creating different
scenarios and different results which are
obtained.

Boolean logic model and index overlay
method make them effective and proper for
spatial phenomena to be site selected. It is
better to compare the results of both methods
with each other to verify the effectiveness of
the work.
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Abstract: Here we report neuropathological features of possible scrapie cases detected
between 2018 and 2022. Fourteen cases of sheep older than two years, from several regions in
Libya with neurological clinical signs resembling those with Scrapie, were submitted to the
Veterinary Teaching Hospital at Omar Al-Mukhtar University, Al-Bayda, Libya. The animals
were euthanized and subjected to postmortem examinations. Samples from different organs
were submitted for histopathological examination using routine Hematoxylin and Eosin stain
(HE). Nine cases showed neuronal vacuolation that is characteristic of Scrapie in sheep. Two
cases were suspected of Scrapie and needed more advanced methods such as
Immunohistochemistry (IHC) to confirm the diagnosis. The other three cases were diagnosed
with Rabies, Listeria, and Echinococcus granulosus.

Keywords: Scrapie; Prion; Transmissible Spongiform Encephalopathy; Sheep; Libya.

INTRODUCTION

Transmissible Spongiform Encephalopathies
(TSEs), or prion diseases, are a group of
progressive neurodegenerative diseases that
affect the central nervous system (CNS) of
many animals and humans. Seventeen
different types of prion diseases have been
reported; nine in humans and eight in
animals, as in Table (1). Scrapie is the oldest
recorded prion disease. It has been known
since 1732 in the UK, and the last described
prion disease was in Camel in Dromedary, in
Algeria, in 2018 (Babelhadj et al., 2018;
Imran & Mahmood, 2011).

According to the World Organization for
Animal Health (OIE), Scrapie is an infectious
and notifiable disease that naturally affects
both sheep  and goats(Arnold &
Rajanayagam, 2020; Greenwood, 2002;
Konold et al., 2020).

The etiological agent of these diseases is an
infectious protein called a prion that results
in the conversion of the normal cellular prion
protein (PrP€) into a pathological isoform
called pathological prion protein (PrPsc)
(Guijarro et al., 2020).

The name Scrapie is derived from one of the
condition’s symptoms, wherein the affected
animals will compulsively scrape off their
fleece against rocks, trees, or fences (Nair &
Johnson, 2011). Scrapie can be transmitted
between animals, either directly or via the
environment (Cassmann & Greenlee, 2020).
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Table: (1). Prions disease in animals and human

Prions Diseases in Animals

1. Scrapie in sheep and goat. (Sc)

) Bovine Spongiform Encephalopathy in  (BSE)
" cattle.

3. Chronic Wasting Disease in cervides. (CWD)

4 Feline Spongiform Encephalopathy in (FSE)
" cats.

5 Transmissible Mink Encephalopathy in  (TME)
" mink.

5 Exotic Ungulate Spongiform (EUE)
" Encephalopathy in kudu & Nyala.

7 TSE in Non-Human Primates in (NHP)
" lemurs.

8.  Camel Prion Disease in Dromedary. (CPD)

Prions Diseases In Humans

1. Sporadic Creutzfeldt-Jakob Disease. (s CJD)

2. Sporadic Fatal Insomnia. (sFI)

3 Variably Protease-Sensitive  (VPSPr)
" Prionopathy.

4.  Familial Creutzfeldt-Jakob Disease. (FCJD)

5 Gerstmann  Straussler  Scheinker (GGS)
" Syndrome.

6. Fatal Familial Insomnia. (FFD)

7 latrogenic Creutzfeldt -Jakob  (iCJD)
" Disease.

8.  Variant Creutzfeldt Jakob Disease. (vCFD)

9. Kuru.

The incubation period of scrapie is 2-5 years,
and death occurs within two weeks to six
months after clinical onset. Clinical
symptoms may include behavioural changes,
blindness, ataxia, incoordination, hyper-
excitability, and tremors. Intense pruritus is
the most common symptom, which usually
leads to wool loss by rubbing and scraping.
Scrapie is a slowly progressive disease with
no inflammatory or immune response, which
reduces the chances of early detection in
affected animals.

Histopathological lesions are restricted
mainly to the brain and skin (Saegerman et
al., 2007). Neuropathological lesions are
spongiform vacuolation, astrogliosis, and the
deposition of PrPS¢ amyloid plaques in (CNS)
(Imran & Mahmood, 2011).

There is no early diagnosis or specific
therapeutic treatment (Chen et al., 2020;
Llorens et al., 2018).Scrapie diagnosis is
mainly based on observations of the typical
clinical neurologic signs, while the
confirmatory  diagnosis  depends  on
histopathological examination of the brain
(Schreuder, 1994).

More sensitive methods for diagnosis involve
the detection of the abnormal isoform of the
prion protein PrP (PrPS¢ isoform) in the
tissues using IHC and Western blot (WB)
techniques (Fast & Groschup, 2013).

Recently, IHC and WB techniques had
become of great importance since there was
evidence that the Scrapie prion could be
related to the Bovine  Spongiform
Encephalopathy (BSE), forming a variant that
might affect humans. The importance of these
sensitive techniques began after detecting this
dangerous variant in infected goats(Farias et
al., 2017 ; Monleon et al., 2005).

The true state of Scrapie in Libya is still
unknown and neglected. Here we report the
neuropathological features and the
histopathological lesions of Scrapie cases
detected between 2018 and 2022 in the
eastern part of Libya.

CASE HISTORY

Between 2018 and 2022, fourteen cases of
sheep older than two years, with clinical
neurologic signs resembling those with
Scrapie from several areas in eastern Libya,
were presented to the Veterinary Teaching
Hospital at Omar Al-Mukhtar University, Al-
Bayda, Libya. The cases were fourteen ewes
and one ram. The mean age of all fourteen
cases was 3.5 years. Neurologic symptoms
have been observed more often in older sheep
at the antemortem examination. The clinical
signs include weight loss; behavioral
abnormalities; and neurologic signs, such as
tremors, bruxism, repeated licking of the lips,
typical down and upward movements of the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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head, hesitant and uncertain gait, ataxia of the
hind limbs, occasional falls, blindness, and
bunny hopping. According to owners'
descriptions, the early stage of the disease
was characterized mainly by behavioral
signs, such as loss of appetite and sensitivity
to noise and movement. Also, separation
from the herd at pastures coincided with the
disease progression, and neurologic signs
became obvious; animals showed ataxia that
eventually led to recumbency and death.
Owners reported that signs progressed
slowly, and that the duration of the disease
varied from one to three months, and some
animals were found dead without any
previous clinical signs.

Figure: (1). Scrapie affected sheep. (a) Two-year-old
ewe, showing ataxia, weakness, and loss of body
weight. (b) Scrapie affected sheep: Two year-old ewe
showing loss of weight, wool, and incoordination of
movement.

Post Mortem lesions:

There are no characteristic gross lesions in
scrapie, although there may be nonspecific
changes, such as wasting or emaciation, and

skin or wool lesions resulting from pruritus.
MATERIALS AND METHODS

Animal sources:
- Veterinary Teaching Hospital at Omar
Al- Mukhtar University/Al-Bayda.
- Slaughterhouses.

Tissue samples: All vital organs of 14 sheep
with clinical signs resembling those with
Scrapie were collected and submitted to the
veterinary  pathology laboratory. Brain
samples were taken from different parts,
especially from the medulla oblongata at the
level of the obex.

Samples were fixed in 10% neutral buffered
formalin. These tissues were routinely
processed through ascending grades of
alcohol (70%, 80%, 95%, and 100%), cleared
in xylene, and embedded in paraffin wax. The
paraffin sections were cut into 4 to 5-u thick,
stained with routine hematoxylin and eosin
stain, and examined under a light microscope.

RESULTS

The histopathologic examination of the brain
in nine cases showed spongiform change
(spongiosis), gliosis, and neuronal loss in
several areas of the brain. The clearest
vacuolations were found in the neurons in the
dorsal motor nucleus of the vagus nerve in
the brainstem. Mild perivascular infiltrations,
and astrocytosis were observed in vacuolated
areas.

Two cases were scrapie-suspect sheep but
were not considered histologically as positive
because they didn’t show the characteristic
neuronal vacuolization lesions of Scrapie.
The remaining three cases were diagnosed
positive  for  Rabies,  Listeria, and
Echinococcus granulosus.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (2). Histopathology of Scrapie-infected sheep
with clear signs of spongiform encephalopathy in the
brainstem. Multiple vacuoles in the neurons of the
dorsal motor nucleus of the vagus nerve (a) & (b). In
some cases, cell damage was observed in the Purkinje
cells layer of the cerebellum with intraneuronal and
perineuronal vacuolations (c). (H&E staining, 400X).

DISCUSSION

No scientific research has been published so
far on Scrapie in sheep in Libya. The disease
was first reported by the Libyan national
center for animal health in 2014, as reported
on the OIE website (OIE, 2014).

This work indicates that Scrapie constitutes
most cases (nine out of fourteen). The
description of the situations of the disease in
Libya was based only on these cases, and
thus, it does not necessarily represent the
actual epidemiological feature in Libya.

The presence of one case of Rabies made us
more careful through collected samples. The
cases of Listeriosis and Echinococcosis are
usually detected by veterinarians and
generally sent to slaughterhouses. Therefore,
the presence of one case of Listeriosis and
one case of Echinococcosis in our study do
not represent the true prevalence of these
diseases.

A positive diagnosis of Scrapie in sheep and
goats depends on the observation of typical
clinical neurologic signs and the finding of a
combination of characteristic histologic
lesions(Fast & Groschup, 2013). The
characteristic vacuolar changes in the brain,
with the typical neuroanatomic distribution,
are pathognomonic, while the other histologic
features of TSE, such as the presence of
florid plaques, astrogliosis, and neuronal loss,
can support the diagnosis of Scrapie but are
not sufficient alone for diagnosis in the
absence of the vacuolations. So, the diagnosis
in such cases needs to be confirmed by the
use of more sensitive methods, such as IHC
(Monleon et al., 2005) or WB (Gavier-Widén
et al., 2005) analysis.

According to the OIE, scrapie is the eighth
cause of sheep and goat loss worldwide
(Taranukha et al., 2020). It can cause severe
economic damage to the sheep industry due
to the nature of the disease with extraordinary
properties of the agent and the disease, such
as (a) long incubation periods (months, years,
and even decades) that allows the silent
spread of the disease; (b) resistance of the
agent to high temperature; (c) resistance of
the agent to most common disinfectants as
well as the resistance to ultraviolet and
ionizing radiation. All these properties and
the lack of genetic material make rendering
elusive regarding eradication and control of
this disease. For those countries or regions in
which the disease has become endemic,
elimination efforts have spanned decades
and, in most cases, have not been successful.
The traits of the disease have been the
primary cause of this lack of success.

Despite the little information that has been
collected from the animal owners, we suggest
that the disease has been present in different
areas of Libya for a long time. Therefore,
spreading awareness among sheep and goat
breeders about this disease could be the most
important measure used to control the disease
in the future.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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CONCLUSION

Scrapie exists in Libya and is widely
distributed. If we exclude the other three
cases of  Rabies, Listeriosis, and
Echinochocosis, nine of eleven Scrapie
suspected cases were confirmed as Scrapie
using the routine histopathology technique.
That means the routine histopathology
technique has a sensitivity of 82% for
diagnosing Scrapie.

Other confirmatory methods such as IHC and
WB are highly recommended to increase the
sensitivity and to exclude the presence of the
dangerous variant which can harm public
health.
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Abstract: This study aimed to identify the effect of pea seed solarization obtained from the
fields of the EI-Wsita Region, Al-Jabal Al-Akhdar, Libya, and isolated species of Alternaria and
Fusarium as well as Rhizoctonia, Botrytis, and Sclerotinia. The results of the research indicate
that solar sterilization under the conditions of Shahat and Ras Lanuf for a period of five weeks
reduced the rate of appearance of seed-borne fungi, with no differences between the two sites or
between the types of plastic used, and all treatments were the highest effect against uncovered
(control). The results didn’t show any decrease in the percentage of seed germination until after
five weeks of covering._There was also a decrease in the length of the shoot in the seeds that are
not covered with plastic under the conditions of the Shahat area, while those with the black
plastic cover were less affected, while the decrease was significant for the seeds covered with
transparent plastic under the conditions of Ras Lanuf. The transparent plastic coverage under the
conditions of the two regions had a significant impact on the length of the root. This effect
increased with time during the five weeks. The study concluded that pea seed solarization had a
high potency against seed-borne fungi in the first few weeks without affecting their vitality.

Keywords: Seed Solarization, Fungi, Solar Sterilization, Infection Percent, Germination
Percent.
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Abstract: Two experiments were conducted (laboratory - pots) at the lab of Botany
Department/ Faculty of Science/ Omar Al-Mukhtar University/ Al Bayda/ Libya, with the aim of
determining the allopathic effects of aqueous extracts at concentrations of (10, 20, and 40%) and
the crude powder added to the soil at concentrations of (1, 2, and 4%) of Arum cyreniacum
(Tubers - Leaves) on the germination of seeds and the development of seedlings of two Vicia
faba cultivars (local - Massa), with three replications according to a completely randomized
design. The results of the laboratory experiment showed significant differences in the reduction
of germination percentage, reduction of radicle and plumule lengths between the aqueous
extracts, and concentrations of Vicia faba cultivars (local - Massa), compared with control. The
results of a pot experiment also showed that the high concentrations significantly reduced the
emergence percentage of seedlings, while all concentrations led to a clear and large reduction in
root and shoot system lengths and a decrease in fresh and dry weights of seedlings of (local -
Massa) cultivars. Most of the concentrations used caused an accumulation of chlorophyll (a) and
carotenoids, and decreased the concentration of chlorophyll (b), it also led to an accumulation of
potassium, iron, copper, and nickel, while they led to a decrease in the sodium concentration of
two cultivars compared to the control, The tubers had the highest inhibition rates compared to
the leaves, and the high concentrations of extracts and crude powder were the most toxic in
inhibiting the growth of the studied traits of the two cultivars, Massa cultivar was more sensitive
than the local cultivar.
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Abstract: An experiment was conducted in the Soil Microbiology Laboratory of the Faculty of
Agriculture, University of Tripoli, testing the efficiency of locally isolated Azotobacter and
Burkholderia in fixing atmospheric nitrogen. The experiment included isolation and diagnosis of
Azotobacter and Burkholderia from near-root soils of various plants brought from different
regions of the city of Tripoli and its surrounding suburbs. Ten isolates were obtained as a result
of making dilutions of these soils. The biochemical, morphological, and microscopic traits of
them were studied. The results showed that all isolates belong to the two types of Azotobacter
and Burkholderia and that the numbers of Azotobacter bacteria are abundant in the root zone
(Rhizosphere) of some plants used in the research, whose numbers ranged between (1.95 x 103-
6.1 x 109 cfu/gm soil. Also, the amount of nitrogen fixation by Azotobacter bacteria ranged

between (6.8 -18.50) mg/l, while Burkholderia bacteria numbers ranged between (9.4 x 10® - 1.5

x 10°) cfu/gm soil and the amount of nitrogen fixation ranged between (5.38-15.50) mg/l. There

were also significant differences between Azbacter and Burkholderia bacteria in terms of their
numbers and ability to fix atmospheric nitrogen. However, both genera can be used in biological
fertilization programs in Libyan soil.

Keywords: Isolation, Azotobacter and Burkholderia Bacteria, Rhizosphere, fixated
atmospheric nitrogen.
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Studying the possibility of using Calcium Orthophosphate as a promising dental
treatment of caries by analyzing the Infrared spectrum of inspected teeth
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Abstract: It is well known that Biomaterials play a significant role in the field of treatment of
many dental diseases such as dental caries caused by bacteria. One of these significant
biomaterials is calcium phosphate, formally known as hydroxyapatite. This study aims to
investigate the effect of using hydroxyapatite on dental caries. In this research, some teeth
samples infected by caries were studied experimentally. The collected teeth samples were taken
from people of different age groups. After the chemical treatment of the teeth samples, at the
laboratory, different percentages of calcium orthophosphate were added to each dental sample.
Subsequently, these samples were subjected to spectroscopic analysis by infrared technique. The
results showed the synthesis of new chemical bonds as a direct consequence of the interaction of
calcium phosphate with the teeth tissue affected by dental caries. The absorption coefficients of
the infrared, for different teeth samples, were at the following wavelengths: 2.93um, 9.52pum,
0.1um, 0.1um. When comparing these wavelengths, the results show the formation of sharp
peaks for dental samples treated with calcium phosphate. When identifying these peaks, the
study showed that they form at small permeability coefficients compared to the permeability
coefficients recorded for dental samples untreated with calcium phosphate.

Keywords: Dental caries, Calcium orthophosphate, Infrared spectrum.

*Corresponding author: Abubaker Ali Alghoul: abu.alghoul@sebhau.edu.ly , Department of Physics, Faculty of Science, University of Sebha, Sebha,
Libya

91


mailto:abu.alghoul@sebhau.edu.ly
https://doi.org/10.54172/mjsc.v37i1.735

2022 ,102-90 :(1) 37 aslall il dlae
ISSN: online 2617-2186 print 2617-2178
Journal Homepage https://omu.edu.ly/journals/index.php/mjsc/index

- v - . « - & A o
4gslé 4.L3y Bactrocera zonata «fsa Jld qlbdl agall aa gl Sneck o
updates
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Abstract: Population dynamics of the peach fruit fly Bactrocera zonata (Saunders) and
Mediterranean fruit fly, Ceratitis capitata (Wiedemann) was studied for the seasonal period
September-December 2020, using McPhail traps with attractants Methyl eugenol for peach
fruit fly males and Trimedlure for the Mediterranean fruit fly with Chlorpyrifos (CPS)
insecticide for both species. Traps were periodically sampled in citrus and peach orchards at
the College of Agriculture Research Station, University of Tripoli — Libya. The rates of
captive adults in traps were recorded for each orchard, with peak numbers in October during
the autumn season. High significant differences were observed of both pests, months, and the
overlap between them. But no significant differences were observed among citrus and peach
hosts. During September-December, population density of Mediterranean fruit flies exceeded
that of peach fruit flies by 27- 4.5%. The ideal recorded maximum and minimum temperatures
correspond to the density peak level of trapped Peach fruit flies (2790 flies) and
Mediterranean fly (3450 flies) in October, with 23.5 °C (20.5 - 27.5 °C) average temperature,
and the monthly average of the ideal relative humidity 61%, rainfall 29 mm, and 9.4 hours
daily sunshine. In addition, peak numbers of peach fruit flies and Mediterranean fruit flies
coincided with fruit ripening at the study location. This research is considered the first of its
kind in Libya, the data obtained correspond with previous studies in the Mediterranean region
and adjacent countries. Seasonal observations of fruit flies will serve future planning
strategies and management of these economic pests.

Keywords: Bactrocera zonata, Ceratitis capitata, Meteorological Factors, Population
Dynamics, Citrus, Peach, Traps, Tripoli, Libya.

*Corresponding author: Nawal Abdusalam Mahfoud: drmaghrabi06@yahoo.com , Zoology Dept., Entomology Unit, Science, Univ. of Tripoli,
Libya.

102


mailto:drmaghrabi06@yahoo.com
https://doi.org/10.54172/mjsc.v37i1.580

	مجلة المختار للعلوم
	Hassan_2022_Vector Machine_MJSC.PDF
	Elmanfe_2022_PPDinHenna_MJSC.PDF
	Saad_2022_Hepatotoxicity_MJSC.PDF
	Eliawa_2022_Waste Disposal_MJSC.PDF
	Abdalla_2022_Scrapie_MJSC.PDF
	Fawzia F. Abdalla* and Monier A. Mohamed Sharif
	REFERENCES

	Mohamed_2022_Solarization_MJSC.PDF
	Salih_2022_Arumcyreniacum_MJSC.PDF
	Ben Mahmud_2022_Azotobacter_MJSC.PDF
	Alghoul_2022_Calcium Orthophosphate_MJSC.PDF
	Mahfoud_2022_Bactrocera zonata_MJSC.PDF

