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Fracture Behavior of Adhesively Bonded AI3003 —
Epoxy —AI3003 Joints

Saeed Mousa
Department of Mechanical Engineering
Jazan University
Jazan, Saudi Arabia

ABSTRACT
Al3003-Epoxy-Al3003 adhesive bonded joints were investigated in this paper because of their frequent

use as an applied adhesive joint design in engineering practice. In this study, the effects of surface roughness, type

of adhesives, and surface structure on adhesion and shear behaviors were studied. The experimental specimens

have been made of aluminum 3003 as adhered material, and two types of epoxies were used as adhesive.

Experimental results show that epoxy with filled particles play an important role during the testing of the samples

for peel and shear tests. The adhesive aluminum joints failed in cohesive mode due to the high- stress levels

generated in the adhesive, which indicates that the adhesion to the aluminum surface is stronger than that of the

interior part of the adhesive. The optimal conditions for each parameter were identified of the 3003 aluminum

adhesively bonded joints.

Key Words: joints; single-lap; adhesive; roughness.

INTRODUCTION

Composite joint design has received much
interest in the automobile and aerospace industries.
The major advantages of the laminated joints are
high resistance to corrosion and fatigue, high-
strength-to-weight  ratio, and efficient load
distribution [1]. Generally, the laminated composites
can be joined either mechanically or adhesively.
Adhesive joints do not require holes; however, they
are susceptible to surface roughness, adhesive type,
and surface structure [2, 3]. Adhesive bonding offers
advantages for joining materials, since it avoids the
need for drilling holes and inserting fasteners; these
are significant sources of stress concentration and
increased weight. Moreover, the replacement of
fasteners by adhesive joints also reduces time and
effort required for assembly processes [4].

Many scientific studies have been carried out
on composite laminated joints. Sergio et al. [3]

investigated the effects of various surface treatments
on adhesively aluminum 2024-aluminum 2024 joints
that were used in aeronautical structures, and the
optimum surface treatment is defined for each
sample type. Ramazan et al. [5] studied the
influence of adhesive thickness and filler content on
the mechanical properties of the aluminum 1100 lap
joints, and found that filler improved the shear
strength by 36%. The effects of curing time and
environmental conditions on the adhesively
aluminum laminates were investigated by De wild et
al. [6]. In this study, the importance of the surface
pretreatment play an important role on the adhesion
of such aluminum laminates. The thermal behavior
of the aluminum adhesive joints and the effects of
the fillers was investigated [7]. Sofia et al. used the
floating roll peel test to evaluate the adhesion
properties of the bonded composite-to-Al2024 alloy
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joint, and found that such test is an effective method
to evaluate the adhesion properties [8]. GH Asl et al.
investigated the strain rate dependency of the single-
lap joint by using different metal adherents.

In the present work, an AI300-Epoxy-AI3003
adhesive bonded joint was fabricated. The effects of
epoxy types, surface roughness, and surface structure
on adhesion and shear strengths were analyzed.
Peeling tests were performed to measure the bonding
behavior. Shear strength tests were performed to
investigate the shearing behavior for the various set
of experimental conditions.

EXPERIMENTAL PROCEDURE

The specifications of the materials used for
this study are shown in Table 1. The aluminum strips
were cut to dimensions based on the standard of the
peel test and single-lap shear test. The schematic of
the pressing process is shown in Figure 1. In the
pressing process, the aluminum strips were cut to
specific dimensions and degreased before applying
the epoxies at the interface. For the epoxies, two
different types were used. Type A is pure epoxy
without any additives, while Epoxy B has steel
particles mixed with it (LOCTITE Inc.). The steel
particles diameter is around 300-400pm as described
by the manufacturer (LOCTITE Inc.), and the is 5%

of the quantity.

In order to investigate the effects of the
surface roughness of the adhesive bond, sandpapers
with different grit sizes (Grit 400, 120, and 60) were
used for sanding. After sanding, two different
epoxies were applied at the interface between the
two roughened AI3003 strips. After applying the
epoxies, the multilayer test samples were pressed to
a certain thickness to assure the same thickness of
the epoxy layer for all samples.

Another group of aluminum samples were
had holes with a diameter of 1 mm on the surface at
the bonding area. The holes were introduced to see
how they would affect the behavior of the adhesive
joint during the testing. The holes were drilled using
mini CNC machine in different patter (5 holes and 8
holes in each side with fixed distance between each
two holes)

The adhesion between the Al plates was
investigated using the T-peel test. A typical force
response from the peel test is shown in Figure 2. The
peel strength is calculated by dividing the average
load by the sample width, which is 20 mm, as shown
in equation 1.

The manufacturing process parameters and their
settings are  summarized in  Table 2

Table 1: Specification of materials (McMaster manufacturer, and (LOCTITE Inc.).

Material | Chemical composition | Tensile Strength Yield Strength Elongation
(wt. %) (MPa) (MPa) (%)
Al3003 98.6 Al, 1.2 Mn, 0.12 130 125 10
Cu, and 0.08 others
Epoxy-A Epoxy resin / 16 (Tensile strength MPa)
Polymercaptan
hardener
Epoxy-B Epoxy resin / 22 (Tensile strength MPa)
Polymercaptan
hardener/316 steel
particles
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Figure 1: Schematic of manufacturing process of the A13003-Epoxy-Al3003 adhesive joint
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Figure 2: A typical force response from the peel test.

A st th = average load (N) (1)
Verage peet SEngtt = § ond width (mm)
The single-lap shear test was used to occurs. The schematic and the dimensions of the
determine the maximum shear load that the sample are shown in Figure 3.

multilayer sample can withstand before failure
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70 mm

10 mm

Figure 3: The schematic and the dimensions of the sample.

Table 2: Manufacturing process parameters and their settings.

Parameters

Values

Surface roughness
(grit)

Al13003 as-received, 400, 120,

and 60

Epoxy types

With and without particles

Al surface structure

Holes and no holes

RESULTS AND DISCUSSION

The effects of surface roughness and epoxy
types were analyzed on the bond strengths and shear
strengths of pressed AI3003-Epoxy-Al3003 adhesive
bonded joints.
Effect of surface roughness and Epoxy type on
adhesion strength

In order to investigate the effects of surface
roughness on adhesion strength, sandpapers with
various grit sizes of 400, 120, and 60 were used to
roughen the AL3003 surfaces. Table 3 shows the

used sandpaper with grit and particle sizes along
with the surface roughness that was produced. 3D
optical profiler (ZYGO) was used to measure the
surface roughness after sanding, and Figure 4 shows
the colored topography and intensity map after
sanding sample of (P120 grit size). The initial
surface roughness of the as-received Al3003 sheet
was Ra = 0.6 um. After using sandpaper papers with
grit of 400, 120, and 60 the surface roughness values
changed to 9 um, 29 um, and 61 um, respectively.

Table 3: Sandpaper grit size and produced surface roughness.

Sandpaper grit size Produced surface
roughness (1)
P400 9
P120 29
P60 61
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Figure 4: 3d ZYGO profile image of the A13003
roughened with sandpaper grit sizes grit p120
(Ra=29 pm).

Figure 5 shows the peel strength at various
levels of surface roughness for Epoxy-A, and the
peel strength increased as the surface roughness
increased. The peel load of the multilayer Al-Epoxy-
A-Al increased by 52%, 161%, 261%, compared
with the as-received sample. The various sandpapers
produced surfaces with high asperities and deep
valleys, which directly affected the mechanical

Intensity Map

interlocking at the bond interface between the molted
epoxy and hard-sharpened AI3003 surface. For
epoxy-B, the peel loads of the as-received, 400, 120,
and 60 sandpapers are 37.5 N/mm, 75 N/mm, 147.5
N/mm, and 275 N/mm, respectively; this is shown in
Figure 6. Table 4 summarizes the comparison of the
Epoxy-A and Epoxy-B peel strengths with the same
surface roughness. It can be noticed that Epoxy-B
with steel particles shows more enhancement
compared to the epoxy without particles. The
presence of the particles at the interface during the
peel test (Mode 1 fracture) helps to increase the
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resistance of the peeling before complete fracture  occurred. The presence of the
particles at the interface act like bridging show much change as compared to the samples with
between the adhesive and the aluminum sheet. In roughened surfaces for both types of epoxies.

addition, the as-received AI3003 sample did not
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Figure 5: Peel strength versus various surface roughness for Epoxy-A
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Figure 6: Peel strength versus various surface roughness for Epoxy-B
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Table 4: The comparison of the Epoxy-A and Epoxy-B peel strengths.

Epoxy-A | Epoxy-B | Efficiency
()
As-received 32.5 37.5 15% (+)
Sandpaper (400) 62.5 75 20% (+)
Sandpaper (120) 85 147.5 73% (+)
Sandpaper (60) 117.5 275 134% (+)

Figure 7 shows the fracture surfaces after the
peeling of samples of P400 and P60. It can be seen
that both samples have adhesive and cohesive
failures at the interface, to various degrees. Sample
(P60), with a high surface roughness, shows more
cohesive failures on both sides of the Al layers; this
explains the high values of the peel strength. Sample
(P400) with low surface roughness shows more

Cohesive -
failure

Figure 7: Fracture surfaces of A13003/Epoxy-
Al3003 after peel test for different surface
roughness values: (a) Sandpaper grit P60 (Ra=61
pm) and (b) sandpaper grit 400 (Ra=9 pm).

Effect of surface roughness and Epoxy type on
shear strength

The relationship between the shear strength
and the various surface roughness of the AI3003 is
shown in Figure 8. For the AI3003 as-received
samples for both epoxies, types A and B, samples

(b)

adhesive failure than the sample with high surface
roughness. Increasing the surface roughness caused
the transition of the failure mode from adhesive to
cohesive; but generally, increasing the surface
roughness improved the overall adhesion strength

[3].

Adhesive
failure

fractured at shear strengths of 52.13 MPa, and 71.73
MPa, respectively. For Epoxy-A, as the surface
roughness increased, the shear strength increased,
and the Al3003 samples were torn at the high surface
roughness. This indicates that the bond is actually
more robust than the actual AlI3003 sheet. The same
behavior and trend was observed for the Epoxy-B
with steel particles. When there is a high surface
roughness, high shear strength can be noted for the
sample created with Epoxy-B. The presence of the
particles at the interface with a roughened surface
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helps to increase the resistance of the sliding (Mode
2) fracture. In general, an increase in the surface
roughness may lead to high degree of resistance to
shear force during the testing.

Figure 9 shows the samples of P60 and P400
of the torn AI3003 sheet. The crack is perpendicular
to the applied load, and the sample was unable to
withstand the high load.

Samples teared at this load

350

300

250

200

150

100

(Shear strength N/mm?)

50 uf

257.93
2 “328.53 \/

Samples teared at this load

RUOGHNESSES

- @ = Epoxy A =——@— Epoxy B

Figure 8: Relationship between the shear strength and the various surface roughness of the AL3003.

Tord Al

(@)

(b)

Figure 9: Torn Al13003 layer at the shear test for (a) P60 sample and (b) P400 sample.
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Another set of samples were manufactured
by drilling holes at the two sides of the bonding area
(five and eight holes) with a diameter of 1 mm. The
objective was to investigate the effects of surface
topography and structure at the AI3003 sheet. Figure
10 shows the shear strength behavior for both
Epoxies A and B at the same surface roughness
(P60), with two different numbers of holes (five and
eight). For the sample with five holes at the bonding
area, nearly the same shear strength was obtained

400
350
300
250
200
150
100

50

AL teared at this loads

(Shear strength N/mm?2)

during the testing. However, the shear failure was
caused a tear in the sample that had eight holes.
Samples with holes at the bonding area demonstrated
improved shear strength and resistance during the
testing, compared with samples without holes tested
under the same conditions. Testing showed that
increasing surface roughness along with drilling
holes in the surface of the AI3003 help to increase
the shear load.

AL teared at this
loads

7
326.53 /

FIVE HOLES EIGHT HOLES

==fi==Epoxy A === Epoxy B

Figure 10: Shear strength behavior for both Epoxies A-B

Figure 11 shows the shear strength versus the
surface roughness for two groups of samples with
five and eight holes for one side at the bonding area.
In general, Epoxy-B with particles has high shear
strength for both sets of samples (five and eight
holes). Introducing the holes for both sides (eight

holes) increased the load by 36% compared to
having holes on only one side. Figure 12 shows the
samples of the shear strength where eight holes
samples tore before shearing happened, and five
holes shear due to the presence of cohesive failure.
(Adhesion strength N/mm?)
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Figure 11: Shear strength versus the surface roughness for two groups of samples that have S and 8 holes
for one side at the bonding area
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Figure 12: Samples of adhesive A13003 joint at the shear test for (a) 5 holes sample and (b) 8 holes
sample.
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CONCLUSIONS
In this paper, AI3003/Epoxy/Al3003

adhesive-bonded joints were fabricated to achieve

direct bonding of the layers. The following

conclusions can be obtained:

 AI3003/Epoxy/Al3003 adhesive-bonded joints
with varying surface structures were
successfully manufactured.

* Increasing surface roughness led to an increase in
the peel load due to the incense of the surface
bonding area.

« Increasing the surface roughness helped to
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Larvicidal and latent effect of Juniperus procera, Family
(Cupressaceae) extracts on the filarial vector, Culex pipiens
(Diptera: Culicidae)

Hanan Abo El-Kasem Bosly

Biology Department, Faculty of Science, Jazan University, Jazan, Saudia
Arabia.

ABSTRACT

The larvicidal and delayed effects of the methanol, petroleum ether and acetone leaves
extract of Juniperus procera, against C pipiens mosquito 2" instar larvae, were
evaluated. The efficacy of methanol extract seemed to be more effective with LCsy,
17.46 mg/L followed by petroleum ether with LCsgy, 32.33 mg/L and then acetone, LCs,
40.00 mg/L. Moreover, methanol and petroleum ether extracts exerted a highly delayed
toxic effect on the pupae and adults resulted from treated larvae, whereas acetone
extract showed no delayed effects on pupae and adults. The methanol extract showed
the highest pupal and adult mortality 100% and 66.67% at concentrations 35 and 15,
respectively. While petroleum ether recorded 62.22% and 83.33% at 40 mg/L,
respectively, Methanol extract profound adult emergence inhibition 85.71% at 15 mg/L
concentration recording 1Csq value (10.60) for adult emergence inhibition. While ether
and acetone extracts showed 62.50% and 10.34% adult emergence inhibition at 40 mg/L
concentration recording 1Csq values (35.18) and (76.32), respectively. The growth index
of the immature stages significantly decreased from 9.63 in control to 0.79 at 15 mg/L
of methanol extract and to 2.34 and 7.93 at 40 mg/L of ether and acetone extracts,
respectively. Petroleum ether extract exhibited significant effects on the fecundity,
fertility and sterility index while acetone extract showed non-significant effects as
compared with the control group. Hence, these extracts can be used as an effective
alternative to the existing synthetic pesticides for the control of C pipiens.

KEY WORDS: Culex pipiens, Juniperus procera, Larvicidal, Adult Emergence, 1Cs,
Growth Index, Fecundity.

West Nile Virus in many regions of the

INTRODUCTION world including the Middle East
including Saudi Arabia (Subra and

Culex mosquitoes, especially C. pipiens Hebrard 1975, Omar 1996, Omar et al.,
and C. quinquefasciatus  (Diptera: 2000, Pichon 2002, Abdel-Hameed et
Culicidae) are the main vectors of al., 2004, Chandran et al., 2004).

bancroftian filariasis and arboviruses as
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Mosquito control is very important to
tactic mosquito- borne disease.

Pyrethroid and organophosphate
insecticides are used extensively to
control disease vectors (Hardstone et al.,
2006; Daaboub et al., 2008). The rapidly
emerging  resistance to  chemical
insecticides is currently considered
challenge facing the vector control
programs. (Bisset et al., 1997; Xu et al.,
2005; World Health Organization
(WHO), 1976). Extensive application of
insecticides for vector control in Saudi
Arabia have accelerated the level of
developed resistance. In addition to
resistance, some mosquitocides
associated with other undesirable effects
including hazardous effects against non-
target animals, environmental problems
and human health concerns (Rawani et
al., 2009). Hence, the approval of an
insecticide is limited not only to the
insect mortality but extended mainly to
its environmental safety (Kabaru and
Gichia, 2001). As though, pest
management by insect growth regulators
reduce the damage produced by insects
to products, as their population will be
reduced via disturbed metamorphosis
and reduced fecundity (Tunaz and
Uygun, 2004). Surveying for suitable
alternatives to synthetic insecticides
showed that the phytochemicals are a
good choice according to their relative
safety, worldwide availability and cheap.
Accordingly the screening for locally
available plant materials for mosquito
control could be an alternative cheaper
than expensive imported products
enhancing both the local employment
and the public health (Bowers et al.,
1995). Several effective eco-friendly
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insecticidal/mosquitocidal trials in Saudi
Arabia as alternatives to conventional
mosquitocidal compounds were
previously studied (El-Sadawy et al.,
2016 and 2018; El-Kersh et al., 2016;
Ahmed et al., 2017).

Juniperus procera is a coniferous tree
native to the mountains of eastern Africa
from eastern Sudan south to Zimbabwe,
and the southwest of the Arabian
Peninsula and exists in  Saudi
Arabia/Yaman (Adams, 2013). It has
been traditionally used to treat several
diseases such as  hyperglycemia,
hepatitis, jaundice, bronchitis, tonsillitis
and pneumonia (Burits et al.,, 2001;
Loizzo et al., 2007; Seshathri and
Thiyagarajan, 2011; Algasoumi et al.,
2012; Al-Attar et al., 2016; Alkhedaide,
2018).

In our lab, we have investigated the
mosquitocidal  effect of  Tribulus
terrestris (Zygophyllaceae) against 3"
instar larvae and adults of mosquito,
Anopheles arabiensis (El-Sheikh et al.,
2012) and the effect of Thymus vulgaris
essential oil against the 3" instar larvae
of Aedes aegypti (Bosly, 2015). In
addition to evaluation of the larvicidal,
pupicidal, adulticidal and ovicidal effects
of two essential oils of Ricinus communis
and Zingiber officinalis against the
housefly Musca domestica L. (Bosly,
2017).

The present work aimed to study the
larvicidal and delayed effects of the
Juniperus procera leaves extracts via
methanol, petroleum ether and acetone,
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against C. pipiens mosquito under the
laboratory conditions.

MATERIALS AND METHODS

Mosquito

Adult stage of mosquitoes (Culex
pipiens) was supplied from the Center
for Disease Vector in Jizan, which is
identified. They were reared for several
generations in Biology Department,
Faculty of Science, Jazan University
according to the methods described by
(El-Sheikh et al.,, 2011) and
morphologically identified according to
(Harbach, 1985). Rearing was under
controlled conditions (27+2 °C, RH 70
10% and 12-12 light-dark regime). Adult
mosquitoes were kept in wooden cages
and daily provided with sponge pieces
soaked in 10% sucrose solution for 3-4
days after emergence. Then females were
allowed to take a blood meal from a
pigeon. Plastic  cup  containing
dechlorinated tap water was placed in the
cage for egg laying. The resulting egg
rafts were picked up from the plastic dish
and transferred into plastic pans
containing three liters of tap water and
left for 24 h for hatching. Resulting
larvae were provided daily with fish food
as a diet (Diaz-Nieto et al., 2016).

Plant collection and preparation of
crude extract:

Fresh leaves of J procera (Family:
Cupressaceae) collected of Al-Hashr in
Fifa (South of Saudi Arabia) (Latitude,
17° 27 35" N and Longitude, 43° 2' 16"
E) during September 2018. The plant
was identified by plant taxonomist in
Biology Department, Faculty of Science,
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Jazan University according to (Migahid,
1988). The leaves were washed and dried
in the shade at room temperature (27-31
°C) for 7 days till they become brittle,
then powdered using commercial
electrical stainless steel blender (Philips,
Model  Number:  HR2058). The
extraction was performed using three
samples (100g/sample) powder and was
extracted by soaking and filtration three
times each by 300 ml aqueous 70%
methanol, the second by acetone and the
third by petroleum ether at room
temperature. After 24 h, the supernatants
were filtrated through a Whatman filter
paper No. 5. Then dried in a rotary
evaporator at 40°C for 2-3 hours for
methanol extract and 40-60 minutes for
other solvents (EI-Sheikh et al, (2016).
The dry extracts were weighed and kept
under -4°C until used for experiments.

Larvicidal bioassays:

Larvicidal activities were determined for
the methanol, petroleum ether and
acetone leaf extracts at concentrations
15, 20, 25, 30, 35 and 40 mg/L. Twenty
C. pipiens larvae were exposed to each
extract in 200 ml plastic cups containing
each extract concentration as a replicate.
Three replicates per extract per
concentration and  control  were
conducted as non-treated. Larvae were
observed daily until adult emergence.
The following parameters were measured
in this study: developmental period,
growth index and mortality rate of
larvae, pupae and adults, where adults
calculations based on the number of alive
pupae and mortality based on the dead
adults from that emerged according to
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(EI-Sheikh et al, 2011 and 2016). The
sum of the pupal mortality % and the
pupal/adul intermideates % with the
adult emergence% is 100%. Larval and
pupal development time were recorded
as the number of days from the start of
the experiment until pupation and adult
emergence. Then emerged adults were
identified by sex according to
(Granados-Echegoyen et al., 2014).

Reproductive potential:

Females that emerged from treated
larvae as well as non-treated control ones
were allowed to mate with equal number
of virgin normal non treated males in
cages for 24h (Mala et al., 2014). Then,
the aforementioned females were
allowed to take a blood meal from a
pigeon and number of eggs produced
was counted using a binocular
stereomicroscope (Model: CZM6, Labo
America Inc. based in Fremont,
California, USA). The preoviposition
period  (gonotrophic  cycle)  was
calculated as the interval between blood
feeding and commencement  of
oviposition and eggs were sorted into
two categories, hatched and non-hatched
eggs (Mala et al., 2014; Shehata, 2018).

Statistical analysis:

Data from all replicates were pooled for
analysis (WHO, 2005). The percentage
mortality was calculated by Abbott’s
formula (Abbott, 1925). The mean
mortality data of the three replicates per
concentration were calculated. Because
the control mortality was less than 5%,
hence the mortalities of treated groups
necessitated not to be corrected
according to the WHO guidelines for
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laboratory testing of mosquito larvicides
(WHO, 2005). Data from all of the three
replicates were pooled for analysis. LCx
and LCqy, values were calculated from a
log dosage—probit larval mortality
regression line using SPSS software
(IBM SPSS Statistics v22 — 64bit) by
probit analysis at significant (p <0.05)
and 95% confidence limits of upper
confidence limit and lower confidence
limit, and chi-square values were
calculated using the software. 1Cs, and
ICqo values were calculated from a log
dosage—probit regression line using
SPSS for the adult emergency inhibition
% as previously mentioned. Results
represented as Mean = SD. Hatching
Rate (HR) was calculated according to
Chugh et al, (2011) with the following
formula

number of hatching eggs
= £ ¢85 x 100

total number of eggs

RESULTS

Data given in table (1) indicated the
average weights of the dry methanol,
petroleum ether and acetone materials
from 100g of leaves. As shown from the
results, these amounts were varied from
solvent to another, methanolic extract
produced higher weights (9.52 £ 1.1gm)
followed by acetone extract (3.17 %
0.27gm) and petroleum ether extract
(1.92 £ 0.14gm).

Larvicidal, pupicidal and adulticidal
activity:

The cumulative mortality rate of larvae,
pupae and adults were adversely affected
by the latent toxicity of the methanolic
extract as compared with the petroleum



(AY+ Y)Y oo - AV EEY Bamdllgd) ) aal) 4 alaal)

i) p gl ¢ Aoy e

ether and acetone extracts represented in
table (2) and LDsy (Lethal concentration
required to kill 50 per cent of the larvae
exposed) probit regression line is plotted
in Figure (1). LCs value of the methanol
extract (17.46 mg/L) proved to be more
effective against C. pipiens than the
petroleum ether and acetone extracts
(32.33 and 40.00 mg/L) respectively.
Where, complete pupal and larval
mortalities were produced at 35 and 40
mg/L, respectively, and no adults
emerged at concentrations (20, 25 and 30
mg/L). The data presented in table (2)
showed the 1Csy values (concentration
which to inhibit the emergence of 50%
of mosquito adults emergence), the 1Cs
value of the methanol extract (10.60
mg/L) and for the petroleum ether extract
(35.18 mg/L) and for acetone extract
(76.32 mg/L). The toxicity percentages
of the J. procera extracts based on LCs
values and the recorded 1Csq values for
the Adult emergence inhibition (table 2
and Fig. 1) can be arranged in a
descending order as follows: methanol
extract > petroleum ether extract >
acetone extract.

Effect on developmental periods and
growth index:

Methanolic extract of J. procera,
significantly (P<0.05) increased the
larval developmental time to 14.30 at 15
mg/L, compared with 8.20 days for the
control group table (3). Pupal duration
was delayed to 3.70 days at 15 mg/L,
compared with 2.18 days for control
group. Moreover, petroleum ether extract
were significantly prolonged larval and
pupal duration at all concentrations,
compared with the control group. Larval
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and pupal developmental periods were
not adversely affected by acetone extract
except at the highest concentration (40
mg/L), where it was significantly
prolonged to 9.11 respectively, compared
with 8.20 days for the control group table
(3). Generally, as concentration
increased, for methanol and petroleum
ether extracts, the growth index
decreased, while growth index for
treatment by acetone extract not affected
(Table 3).

Pre-oviposition  period,
fertility and sterility index:

fecundity,

Data in table (4) showed the mean pre-
oviposition period (the period between
feeding and oviposition) of females that
developed from larvae previously treated
with petroleum ether extract significantly
increased at all concentrations used,
compared with control. Moreover, the
pre-oviposition period in case of acetone
extract was insignificantly affected when
compared with control. Egg fecundity
significantly (P<0.01) declined from
221.60 for control to 61.00, 87.80,
111.40, 133.90, 156.70 and 172.80
eggs/Q as a result of exposure to 40, 35,
30, 25, 20 and 15 mg/L petroleum ether
extract, respectively. That from females
resulted from treated larvae; a marked
decrease in the hatchability percent at all
concentrations used of petroleum ether
was observed inversely proportion to
increased concentration. The lowest
fertility was 0.00 and 23.50% at 40 and
35 mg/L, respectively. In addition, a
positive correlation between the sterility
index and petroleum ether concentration
was observed. Where, it was 100, 90.46
and 78.21% at 40, 35 and 30 mg/L;
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respectively compared to 0.0% for the
control group table (4). The pre-
oviposition period, fecundity and fertility
of females produced from larvae
previously exposed to acetone extract
were not statistically different affected
compared with the control.

Table 1: The weight of dry methanol,
petroleum ether and acetone soluble material
from 100g of Juniperus procera leaves

Extracting material | Extract weight (g) + SD
Methanol 9.52+1.10
Petroleum ether 1.92+0.14
Acetone 3.17 £0.27
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Figure (1): Probit regression responses of
methanol, petroleum ether and acetone
extracts of Juniperus procera against Culex
pipiens larval mortality.
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Table 2: Late toxic (cumulative) effect of Juniperus procera tested extracts on different
stages of Culex pipiens

IC
b Larval LC (b Mean of % A dult
E Conc. s ®) 3 | Mean of pupal %Adult | oot (b)Adult 2
£ mortality/ Larval (Chi)” . Inter.% emerged .. | emerged (Chi)”
[_'ﬂ“ (mg/L) . a . mortality%+SD o [mortality], . =, emerged
Replicate mortality adults £ SD inhibition inhibition
Control | 0.33=0.58 0.00 = 0.00 0 19.67 = 0.58 0 0
15 6.00=1.00 |} 1746 7.24 = 1.05 7857 | 200100 | 6667 | 8571 |1 1060
e 20 |1333=208| (16.00- 15.08 = 1.37 85 0.00 = 0.00 0 100 (6.51-
2 25 | 18332153 | 18:62) 33.33 £ 28.87 60 0.00 = 0.00 0 100 12.47) 2.43
= 3.39
= 30 | 1867115 |10 5647 83.33 = 28.87 25 0.00 = 0.00 0 100 |16, 15.70
35 |1033=058 | (24.74- 100.00 = 0.00 0.00 = 0.00 100 (13.99-
40 |2000=000]| 2892 100 17.11)
i} 15 1332058 |1 333 3.51=3.04 0 18.00=2.00 | 3.7 357 |1ey 35.18
2 20 3.00=1.00 [ (30.20- 5.90 = 0.35 0 16.00=2.00 | 1042 5.88 (33.39-
& ) )
o 25 4.00 = 1.00 34.98) r 16.58 = 2.86 0 13332252 | 275 16.67 37.49) e
H N iy - / :
3 30 767058 |10 5663 37.52=4.87 0 7672252 | 3913 | 3784 |y 5017
g 35 | 1200=200| (49.30- 49.47 = 6.37 0 4.00=265 | 5833 50 (52.75-
10 1467115 | 6998 62.22 = 3.85 0 2.00=2.00 | 83.33 62.5 69.58)
15 0.00%0.00 {14000 0.00 = 0.00 0 20.00 = 0.00 0 0 ey 7632
20 1332058 | (36.78- 0.00 = 0.00 0 18.67 = 1.53 0 0 (56.32-
g 25 300=1.00 [ 4545 0.00 = 0.00 — | 17.00=2.00 0 0 97.62)
< 14 4.48
3 30 4672058 |10 o595 0.00 = 0.00 0 15.33£1.53 0 0 licyy135.70
35 700173 | (57.16- 2.38+4.12 0 12.67 = 2.52 0 2.56 (110.79-
40 10332058 | 9433 10.37 = 0.64 0 8.67 = 1.53 0 10.34 160.11)

(%) Mean + SD of mortality per replicate (n=20) for the three replicates. LCsy, LCgo and ICs, 1Cqo values
were calculated for pooled of the larval and Adults three replicates from a log dosage—probit analysis at
significant (p <0.05). (°) 95% Confidence interval. LC50: Lethal concentration required to kill 50 per cent
of the population exposed and LC90: Lethal concentration required to kill 90 per cent of the population
exposed. IC50: Lethal concentration exposed required for larvae that cause 50 per cent of adult
emergence inhibition. 1C90: Lethal concentration exposed required for larvae that cause 90 per cent of
adult emergence inhibition. Inter: Pupa/adult Intermediates. % Adult mortality (dead adults after
emergence)
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Table 3: Effect of Juniperus procera extracts on developmental periods (days) of Culex
pipiens immature stage

Conc. Larval Pupal Mean Growth
Extract (mg/L) Period Period develo_p ment Index
Period
Control 8.2+1.1° 2.18+0.33* | 10.38+1.48° 9.63
15 14.3+1.4° 3.7£0.41° 18.0+1.2° 0.79
20 -
Methanol 25 --- . . ===
30
35
40
Control 8.20+1.1° 2.18+0.33° | 10.38+1.48° 9.63
15 10.27+1.2° 2.63+0.3" 12.90+1.5° 7.48
Petroleum 20 11.43+1.3° 2.89+0.6° 14.32J_r0.9°d 6.58
Ether 25 11.35+1.3° 3.31+0.6° 14.66+1.9° 5.66
30 11.66+1.7° 3.57+0.5% 15.23+2.2% 4.01
35 12.14+1.4° 3.77+0.5° 15.91+1.9 3.00
40 12.39+1.6° 4.03+0.5° 16.42+2.1° 2.34
Control 8.20+1.1° 2.18+0.33% | 10.38+1.43° 9.63
15 8.14+0.9° | 2.19+0.41* | 10.33+1.30° 9.68
20 8.22+1.1® | 2.23+0.32° | 10.45+1.42° 9.57
Acetone 25 8.26+1.2° | 2.21+0.40° | 10.47+1.60° 9.55
30 8.31+1.2% | 2.23+0.42% | 10.54+1.62° 9.57
35 8.59+1.1® | 2.22+0.37° | 10.81+1.47° 9.02
40 9.11+1.2° 2.10+0.45° | 11.30+1.65° 7.93

Data expressed by Means + SD and different superscripts indicate significance (P>0.05).

Table 4: Effect of Juniperus procera petroleum ether and acetone extracts on preoviposition
period, fecundity, fertility and sterility index of Culex pipiens.

Extract Conc. No.of | Preoviposition No. of eggs Hatched eggs Sterility
(mg/L) tested period laid Total % Index
Control 10 5.10+0.29° 221.60+8.70° | 2163 | 97.6 00
15 10 6.58+0.32° 172.80+9.60° | 1355 | 78.4 37.36
Petroleum 20 10 7.12+0.51° | 156.70+10.40° | 1068 | 68.1 50.66
Ether 25 10 7.61+0.47%% | 133.90+13.30° | 790 59.0 63.47
30 10 7.52+0.63 | 111.40+13.307 | 471 42.3 78.21
35 5 8.43+0.65° | 87.80+11.20° | 103 23.5 90.46
40 1 9.00+0.00" 61.00+0.00 00 00 100
15 10 5.27+0.32% 216.90+8.30° | 2101 | 96.8 2.92
20 10 5.14+0.22° 229.80+8.60° | 2224 | 96.8 2.85
Acetone 25 10 5.29+0.28° | 217.00+9.40° | 2111 | 97.3 2.38
30 10 5.22+0.34% 219.70+8.90*° | 2098 | 955 3.87
35 10 5.19+40.30° | 214.80+10.20° | 2009 | 93.5 7.14
40 10 5.33+0.42° 209.80+9.80* | 1965 | 93.7 9.12

Data expressed by Means + SD and different superscripts indicate significance (P>0.05). * One adult
resulted from treated larvae.
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DISCUSSION
Mosquitoes transmit serious human
diseases, causing millions of deaths

every year (Dua et al., 2009). Use of

conventional insecticides to control
vector mosquitoes has caused
physiological resistance and adverse

environmental effects in addition to high
operational cost (Al-Sarar, 2010; World
Health Organization, 2012; Zhu et al.,
2020). The wuse of conventional
insecticides for mosquito control is no
longer encouraged. In line with different
effective eco-friendly
insecticidal/mosquitocidal studies were
performed as previously introduced,
natural products of plant origin with
insecticidal properties have been used in
the recent pest control of different insect
pests and vectors (Djeghader et al.,
2018).

In the current study, J. procera leaves
extracts evoked a variable degree of
larvicidal activity depending on solvent
used in extraction and the extract
concentration. The highest larvicidal
activity attained by methanol extract by
providing 100% mortality at 40 mg/L
with LCg (17.4 mg/L) followed by
petroleum ether with LCs, (32.33 mg/L)
and acetone extract with LCsy (40.00
mg/L). These results especially with
methanolic extract are in accordance
with previous study of (Karunamoorthi,
et al.,, 2014), which tested J. procera
essential oil against An. arabiensis
larvicidal activity under laboratory
conditions and the recorded LCs, was
14.42 mg/L. Moreover, in line to many
previous studies evaluated the larvicidal
activities of the essential oils from
Juniperus species against mosquito
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species (Tahghighi et al., 2019). The
larvicidal activities related to the leaves

bioactive constituents, terpenes
terpenoids and sesquiterpenes  with
previously reported significant
insecticide potential, essentially as
ovicidal, larvicidal, adulticidal,
repellency, antifeedant, growth and
reproduction inhibitors (Adams,

1990; Kinyanjui et al., 2000; Gnankiné
and Bassolé, 2017; Samaha et al., 2017).
The study results also in accordance with
a previous study (Djeghader et al., 2018)
reported that saponin extract was
evaluated for larvicidal activities against
laboratory-reared colonies of C. pipiens.
The LCs, value of the saponin was 11.7
mg/L. However, the LCs, values of
Acacia nilotica seed extracts was 48.08
and 62.86 mg/L, for petroleum and
acetone extracts, respectively against 4"
instar larvae of Culex quinguefasciatus
(Vivekanandhan et al., 2018). Tests with
Calotropis procera, Polygonum
hydropiper and Thevetia neriifolia
against larval mortality of mosquito Cx
quinquefasciatus showed LCs, values
167.48, 341.79 and 209.45 ppm,
respectively (Islam and Hossain, 2018).
Methanolic extract of L. camara
aculeata showed 100% larvicidal activity
against the fourth instar larvae of Cx.
guinquefasciatus with LCsy 39.54ppm
compared  with  chloroform  LCsq
86.91ppm and acetone LCgy 98.10 ppm
(Hemalatha et al., 2015).

In the current study, methanolic and
petroleum ether extracts of J. procera
showed a latent lethal effect on pupae
and adults resulted from treated larvae.
These results are in accordance with
previous study by Al-mekhlafi et al.,
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(2018), where they tested Solenostemma
argel extracts against C. pipiens. Also,
(Hasaballah and Moselhy, 2015), used
petroleum ether extracts of 4 plants
namely Azadirachta indica, Phragmites
australis, Rosmarinus officinalis and
Rhizophora mucronata against C.
pipiens. A study of (Kovendan et al.,
2012), used Orthosiphon thymiflorus leaf
extract against Anopheles stephensi,
Culex quinquefasciatus and Aedes
aegypti and another study used
Tephrosia purpurea extracts against
filarial vector Culex quinguefasciatus
(EI-Sheikh and Shalaby, 2014). In
addition, the failure in adult emergence
could be due to the insufficient
accessibility of chitin during
metamorphosis that caused death of
larvae and pupae entangled in the weak
integument  (Arivoli and Tennyson
2011). The decrease in the percentage of
C. pipiens adults emerged from larvae
treated with methanolic and petroleum
ether extracts confirms the previously
results reported by Al-mekhlafi et al.,
(2018), where, the highest concentrations
of S. argel chloroform fruit extract
inducing less than 50% inhibition in C.
pipiens adult emergence. Previous study
recorded (EI-Sheikh and Shalaby, 2014)
that no adult emergence when larvae of
C. pipiens treated with methanolic
extract of T. purpurea. A study of
(Bream et al., 2018) also recorded 55.5
to 83.3% inhibition in C. pipiens adult
emergence at all concentrations used
with petroleum ether extract of Musa
acuminata leaves.

Moreover, treatment of C. pipiens larvae
with J. procera metanolic and petroleum
ether extracts resulted in latent effects on
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larval and pupal developmental times,
while acetone extract had insignificantly
effect on larval and pupal developmental
times. Similar  observations  were
recorded in previous plant extracts
studies of S. argel against C. pipiens and
using petroleum ether extract of A.
indica (leaves, stems) against C. pipiens
(Hasaballah and Moselhy, 2015; Al-
mekhlafi et al., 2018). As regard to the
IC5o values, the metanol extract was
resulted the most effective against C.
pipiens mosquitoes to inhibit the adult
emergence compared with that in either
petroleum ether or acetone extracts.
Similar findings have been obtained in
previous study (Al-Ghamdi et al., 2009)
which recorded I1Cs, values of the insect
growth regulator, Dudim (0.0003 ppm)
proved to be more effective against C.
pipiens than the Neem oil (70 ppm) and
concluded their safety and advantages
over some currently used chemical
insecticides. Recently, (Abdelgaleil and
El-Sabrout, 2020) investigated the toxic
and developmental properties of three
essential oils from Artemisia
monosperma, Origanum vulgare and
Schinus molle against C. pipiens. The
study recorded that the oil of O. vulgare
was strongly inhibited adult emergency
with 1G5  value of 10.50 mg/L.
Additionally, the oils  exhibited
significant prolongation of the larval and
pupal periods. Meanwhile, the oils
drastically shortened adult periods of C.
pipiens.

The current study showed reduction in
fecundity and hatchability of C. pipiens
females may be due to the effect of
tested extracts on the ovaries of emerged
females. The current study results are in
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consistent with previous study of
(Djeghader et al. 2018), which indicated
that saponin extract affected the
fecundity and hatchability of C. pipiens
females recording 44.8% and 55.2%
inhibition of eggs production and
hatchability at 75.85 pg/L, respectively.
Hasaballah and  Moselhy, (2015)
previously recorded remarkable
reduction in the fecundity of C. pipiens
adult females for Azadirachta indica,
Phragmites australis, Rosmarinus
officinalis and Rhizophora mucronata
tested plants and especially A. indica and
Rh. Mucronata. Where, the induced
effect was part of the plant and
concentration of the extract dependent,
the methanolic leaves extract showed a
remarkable  reduction effects on
fecundity and fertility more than
methanolic stems extract against C.
pipiens (EI-Sheikh and Shalaby, 2014).

To prove the validity of the results and
mode of action of petroleum ether extract
on fecundity and hatchability. A previous
study in the histological examination of
ovaries of heavy metals-treated C.pipiens
females generally showed a reduction in
the number of developed oocytes. In
addition, signs of degenerative processes
in oocytes were observed (Fouda et al.,
2011). In insects, either juvenile
hormone or ecdysteroid controls the
ovarian development that includes
oocyte growth and Vitellogenesis
(Bownes, 1989). In the present study
abnormal deleterious effects on the ovary
may be occurred due to the alteration in
corpus allatum and juvenile hormone
components or concentration. Earlier
studies evaluated the activity of neem
(A.indica) and ricinoleic acid on
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Rhipicephalus sanguineus, and observed
that these had inhibitory effects on
oocytes, thereby preventing them from
reaching advanced stages of
development  (Denardietal., 2011,
Arnosti et al., 2011).

Conclusion:

In summary, Juniperus procera leaves
extracts as used in the present study
especially methanolic and petroleum
ether can be considered as new
promising control agents against C.
pipiens. Further studies on this plant
species including mode of action,
synergism with other biocides under
field conditions are needed.
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Analytical Study of the Spread of Infection Disease in
Saudi Arabi: COVID-19 Case
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Abstract:
In this paper, we will introduce an associate analytical study for the Kermack-
McKendrick model for Covid-19 to review the spreading within the Kingdom of
Saudi Arabia. We'll study the behavior of its outbreak supported by numerical
simulation. Additionally, we will provide also a statistical analysis of disease

spread over 6 cities over the Kingdom.

Keywords: Mathematical model, COVID-19, SIR.

Introduction:

COVID-19 is one of the most
dangerous and deadly diseases in the
world today. Where many people
have died due to this serious disease
that is still killing the lives of many
people around the world. The
coronavirus COVID-19 is affecting
208 countries and territories around
the world The majority of COVID-19
cases are concentrated within in
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several major cities: Riyadh, Mecca,
Jeddah, Dammam, and Medina. These
cities contain 37% of 34 million
population of Saudi. At of 12 June
2020, there were 123,308 total cases
in Saudi Arabia, 82,548 recoveries
and 932 deaths ([16]). The first case
was discovered in Arabia Saudi on 8
March 2020.
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Figure 1: Daily cases with COVID-19 from 8 March to 12 June in KSA

Mathematical models mimic the
effects of the disease on many
different factors and levels including
high or low temperatures and high or

low humidity effect. Data of
susceptible, infected and recovered
patients will be collected and

analyzed from cold, temperate and hot
places around Saudi Arabia. If we
assume that we have a single patient
and we begin to study how the disease
affects the interactions between cells
in that single patient who has become
a host of the virus (models inside the
host) then we discussed all the
methods and factors that Help and
work to spread infection and virus
from this person to the surrounding
environment through several
population groups supposed to be
present in it through his daily life that
may be separate (geographically) [7-
12]. Models that simulate the spread
of disease within cities and among the
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population, such as those used to
predict a COVID-19 outbreak.

In this paper we will introduce
analytical study for Kermack-
McKendrick model for Covid-19 to
study the spread of the Corona virus
in the Kingdom of Saudi Arabia.

Kermack-McKendrick Model:

One of the most important SIR
models is the Kermack-McKendrick
model, which is a model of the
number of people with infectious
disease in a closed community over
time. It has a major role in the study
of the behavior of epidemic diseases,
as it has been suggested to explain the
rapid rise and decrease in the number
of patients with epidemics such as
plague (London 1665-1666, Bombay
1906) and Cholera (London 1865). It
Is assumed that the population size is
constant (that is, no births or deaths
due to illness or deaths due to natural
causes), the incubation period of the
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infectious agent is immediate, and the
duration of infection is the same as
the duration of the disease. It also

ds_

dl_ ooy
m—ﬂSl yl

dR

gt~/

where T istime, S(t) is the number
of susceptible people, |(t) Is the
number of people infected, R(t) IS

the number of people who have
recovered and developed immunity to

R) is defined as the number of

secondary infections caused by a
single primary infection or the
number of infected individuals as a
result of direct contact with a single
infected person before his death or
recovery.

When Ry<1l, each person who

contracts the disease will infect fewer
than one person before dying or
recovering, so the outbreak will peter

out %l<0 When Ry >1, each

individual who gets infected will
infect more than one person, so the

epidemic disease will spread (g—{>0

). Ro IS most important quantity in

assumes a completely homogenous
society without age, spatial or social
structure.

@

the infection, ,B Is the infection rate,
and Y isthe recovery rate. The time

evolution of these equations was
governed through key value or the so-
called epidemiological threshold,

_ps
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Y

epidemiology. The basic reproductive
number R, is an important value for
disease modelling studies.
Epidemiologists are required to
determine this value for COVID-19 as
an epidemic  disease. Primary
estimation of Ry for COVID-19
showed range values 2-3. Defining R
can determine the conditions needed
to stop the disease spread. This value
is dependent on the success of
vaccination and the percentage of
vaccination coverage required to
control the disease.

Statistically Analysis for the
Model:
Timeline:

On 6th February, in response to the
spread of COVID-19 pandemic was
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by stopping all direct flights between measures implemented in  Saudi
Saudi Arabia and China. The Arabia.
following graph  the principal

Mational curfew with movement
restricted between 7 p.m. and
6 a.m, 24-Mar
First Confirmed case of Covid-19
reported in Quetif, 2-Mar

Suspension domestic flights, trains,
buzes and taxis, 20-Mar

Suzpenszion of visitors to Makkzh
znd Medina, 27-Feb-20

Suspension of all social and
Governmental gathering and Starting of complete national
events, 12-Mar curfew, 23-May
Stopping direct flights from and to 1 1
China, &-Feb

End of complete national curfew,
| | 28-May
Closing all educational institutes,
B-Mar

Closing of all mosgues except2, Opening of the mosques, 31-May
15-Mar

Figure 2: Time line of major precautions done by Saudi Arabia to flat the curve of COVID-19
infection from 26™ February to 12 June 2020

In between when needed, some Data:

lockdown and isolation of several The data was collected daily form 8
suburbs and districts in major cities Marsh to 12 June 2020 on the website
was done to flatting the curve of of Ministry of Health, 2020 [14]. We
infected cases and to control the focus on 6 cities of Saudi Arabia and
outbreak. Between May 23th and on covid'19 infection, recovered and
May 27th, 2020, a complete curfew death cases. We have obtained the
was imposed. following table since the feeding of

this plague until Junel2th, 2020.
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30000 = Riyad_TotInf = Makkah_TotInf = Jddah_TotInf
25000 @ \adinah_TotInf e Dammam_Tot Inf e Jazan_TotInf
20000
15000

10000

5000

0
9-Mar 16-Mar 23-Mar 30-Mar 6-Apr 13-Apr 20-Apr 27-Apr 4-May 11-May 18-May 25-May 1-dun

Figure 3: Cumulative of infected cases from March 9th to June 12th in 6 cities

After 20 May, the total of infected And after half of cities had more than

persons in Riyad is increasing and 15 000 infected cases. Jazan City had

becomes greater than all other cities. the lowest total infected cases.
(a)Infected cases (b)Recovered cases (c) Death Cases

Riyad 26%

Riyad 23% Jeddah 35

Jeddah 17% :
Jeddah 16% Ryad 11

Jazan
Damman

zan 0
ammar

Madina 7

Jazan 0
Damman

Madina 9% Mekkah 18%

Mekkah 16% Madina 11% Mekkah 34%

Figure 4: Percentages of Infected cases (a), Recovered cases (b), Death cases (c) over Cities
regarding the total cases of Saudi Arabia

The total of infected cases over these bigger number of recovered cases and
6 cities corresponds to 73%. And 75% the higher number of death followed
of recovered cases exist in these cities by Riyad and two holly cities Mekkah
and 91% of death cases. In the above and Madina (69% of all cases). Jazan
figure, we found that Jeddah has the city has small cases for three states
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and are negligible corresponding of
The estimation of the infection rate and the recovery from the data collected on

all country.

Riyad Makkah Jeddah Madinah Dammam Jazan
IB 0.00888 0.00471 0.00479 0.00264 0.00237 0.00008
}/ 0.75697 0.791719 0.835293 | 0.86758551 | 0.55683 | 0.711670481

Table 1: The infection rate /3, and recovery rate yfor 6 different cities in Saudi Arabia.

The simulation of data using Matlab software gives the following graphs:
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Figure 5: The simulation of the model equation (1) with respect to time t

with the parameters
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Figure 6: The simulation of the model equation (1) with respect to time t
with the parameters ﬂZl V4 =12
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Figure 7: The simulation of the model equation (1) with respect to time t

with the parameters ﬂZOOOSS& =0.7569
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It is easy to deduce that: N =S(t)+ | (t)+R(t) is a constant and from the first
and third equation of system (1) and using the equation:

—R({) 1

SH=Se 7 =% 2

The third equation of the system (1) will be:
—R()
R I N-RO-Se 7 ](3)

Solving the equation (4) by utilize Maple’s LambertW function [13] to visualize
the epidemic threshold. We will obtain the LambertW function:

999

—
uf= - +1, 1= (¥
0220
0.005
0.15
0.004
r 010 p 0.003
0.002
0.05
0.001
0
0 20 40 60 a0 100 0
t 0 20 40 60 B0 100
t

Figure 8: The simulation of the equation (3) with respect to time t
with the parameters R(t) when »=090r12 and the corresponding Uf will be
uf=0.20056821 #2r0.0058982% respectively
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Treatment:

We conducted a study of 50 patients
treated in private hospitals in Egypt.
These patients were taking a-
chymotrypsin medications for other
medical reasons, and we found that
their incidence of COVID-19 did not
exceed 3.7%. Therefore, by studying
the dynamic behavior of disease
spread and seeing medical studies of
the symptoms caused by COVID-19
and causes of death, we suggested an
important drug (a-chymotrypsin) that
would contribute to a 85% lower
death rate. We therefore recommend
the World Health Organization and
the Food and Drug Administration for
sufficient clinical trials of this drug.
This medication can convert critical
case of COVID-19 into a stable case
.Below is a description of how the
drug works oa-chymotrypsin [18-22
].a-chymotrypsin : Anti-inflammatory
ampoules Each ampoule contains 450
chymotrypsin units in the form of
crystals dehydrated and rapidly
soluble in the solvent found with each
ampoule as chymotrypsin  has
properties that analyze the non-living
proteins that form natural swelling
and therefore break down the
substances that cause local fibrosis
caused by infections Acute and
chronic, and as such is considered to
have an effective enzymatic effect as
an anti-inflammatory and removes
local swelling that follows surgeries
or is caused by local injuries.
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Recommendation

Eirst: We recommend conducting
adequate clinical trials on the use of
the proposed drug (o-chymotrypsin)
to end the suffering of the injured, to
reduce the mortality rate of COVID-
19's patients and to make symptoms
of the virus as a seasonal flu. (Note:
There are many alternatives to this
medicine for every pill or drink).
Second: We know that scientists need
enough time to produce a vaccination
for COVID-19. We must give him
enough time, so we advise everyone
to use regular flu vaccine to relieve
the symptoms of the krona virus.
Third Recommendation:

Exercising daily and regularly for at

least 45  minutes,  following
precautionary and preventive
measures.

Conclusions and Discussions:

In this research, we discussed the
spread of the Corona virus in various
places in the Kingdom of Saudi
Arabia by numerical and analytical
methods. COVID-19 is a new virus
and has a high speed of spread and is
transmitted to people in multiple
ways, including the direct and indirect
methods. We have tracked the spread
of the virus in specific regions in the
Kingdom of Saudi Arabia during
approximately 13 continuous weeks
on a daily basis in more than one city
in the Kingdom of Saudi Arabia, and
the opinion has settled on focusing in
this study on 6 different cities from
the south, the city of Jazan and the
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east, the city of Dammam, in addition
to the capital, Riyadh, of nature.
Different in terms of demographic and
economic diversity, and the city of
Mecca, the religious capital of the
Islamic world, is visited by different
nationalities. We were also interested
in Medina. Finally, we had to study
Jeddah as well. On the other hand, the
Ministry of Health in the Kingdom of
Saudi Arabia has made great efforts,
as it has conducted more than 770,696
tests to detect the Corona virus, at a
rate of approximately one test for
every 45 people. After using this
important information and with the
help of mathematical analysis
supported by the statistical analysis of
the dynamic behavior of the
mathematical model that we
presented, the  possibility  of
estimating the number of cases that
have been cured of the virus and
overcome it. For example, in the time
period between May 5 and May 15,
2020. The incidence of cure increased

to 4 times compared to April. Also, at
the end of May, the virus cure rates
exceeded infection rates by a
tremendous one. The numbers
recorded today for the injured,
recovered, and deaths are the results
of previous infections days ago,
taking into account the incubation
period of the Corona virus. Finally,
we can say: The situation will be
stable in the Kingdom of Saudi
Arabia, unless new strains of the
COVID-19 emerge. Finally: We
found that most people who use (a-
chymotrypsin) injections do not have
any symptoms of COVID-19. We can
say that (a-chymotrypsin) injection
will be an effective drug that relieves
the human body from the symptoms
of severe krona virus infection and
turns dangerous cases of infected
people into stable conditions.
Therefore, we recommend adequate
clinical trials on the use of a-
chymotrypsin injections and their

HisS7

alternatives to treat COVID-19.
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Figure 4: Mechanism of peptide bond cleavage in a-chymotrypsin
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