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ABSTRACT

Serratiopeptidase is a proteolytic enzyme originally derived from the bacterium Serratia
species. It has been shown to possess a range of therapeutic effects, including anti-
inflammatory, analgesic, and fibrinolytic activities. The objective of this study was to
evaluate the effects of serratiopeptidase on the anesthetic response in mice, specifically
focusing on the changes in oxygen saturation (SpO2), respiratory rate, and heart rate during
anesthesia induction with xylazine and ketamine. Mice were administered serratiopeptidase
(5, 10 or 20 mg/kg) orally for 15 days prior to anesthesia induction with xylazine and
ketamine (10 and 150 mg/kg, respectively). Anesthetic parameters, including onset, duration,
and recovery time, were recorded. Compared to the control group, the 5 and 10 mg/kg
serratiopeptidase groups exhibited a significantly delayed onset and prolonged duration of
anesthesia. Conversely, the 20 mg/kg group showed a shorter onset time, and a shorter
duration of anesthesia compared to the 5 and 10 mg/kg groups. Recovery time was prolonged
in the 20 mg/kg group. Compared to the control group, all serratiopeptidase-treated groups
exhibited significantly higher SpO.. Additionally, all treated groups showed a significant
decrease in heart rate and a significant increase in respiratory rate. These findings suggest
that serratiopeptidase exerts a limited dose-dependent effect on anesthetic response, likely
through complex mechanisms involving neurotransmitter modulation and/or anti-
inflammatory actions. Furthermore, serratiopeptidase may influence the physiological
parameters associated with anesthesia in mice. Further research is warranted to elucidate the
underlying mechanism and explore the potential clinical implications of these findings.
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INTRODUCTION

The complex interaction between
anesthetic drugs and various pharmaco-
logical agents is not well understood,
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and the negative and positive effects of their
interaction can have serious implications
for patients requiring surgery (Nestor et al.,
2022). Oft-label drugs are commonly used
during anesthesia to increase drug efficacy
and reduce side effects (Rusz et al., 2021,
Pai et al, 2022; Duarte et al., 2024).
Research on this phenomenon is crucial for
anesthesiologists and pharmacologists.
Although studies focused on the off-label
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use of anesthetics are increasing, reports on
non-analgesic drugs that are still used as
adjuvants are limited (Duarte et al., 2024;
Nagarajan et al., 2024) Serratiopeptidase, a
proteolytic enzyme derived from the
bacterium Serratia marcescens, has shown
promise as an adjunct to anesthesia,
exhibiting anti-inflammatory and analgesic
properties (Naser and Albadrany, 2024).
Preclinical studies have demonstrated that
administration of a single dose of serratio-
peptidase can affect the function of the
central nervous system and modulate some
neurotransmitters like acetylcholine (Fadl
et al., 2013; Fadel et al., 2023; Abdul
Hameed and Naser, 2025). However, the
impact of repeated serratiopeptidase
administration on anesthesia remains
largely uncharted territory. Repeated
administration of any pharmacological
agent, including serratiopeptidase, raises
several critical questions. Will repeated
doses maintain their efficacy or lead to
development of tolerance (Stewart &
Badiani, 1993), diminishing their impact on
anesthesia outcome? Could cumulative
effects of repeated serratiopeptidase
administration alter anesthetic require-
ments, potentially leading to unintended
consequences, such as prolonged recovery
or increased risk of complications?
Furthermore, the potential for drug inter-
action between serratiopeptidase and other
anesthetics, as well as the long-term safety

profile of repeated serratiopeptidase
administration, warrant careful
consideration.

Addressing these questions is crucial for
several reasons. Firstly, understanding the
effect of repeated serratiopeptidase
administration will allow for development
of safe and effective dosing regimens for
potential clinical applications. Secondly,
this knowledge will contribute to a deeper
understanding of the mechanism by which
serratiopeptidase interacts with anesthetic
agents and influences physiological
responses during anesthesia. Finally, this
research will inform future investigations
into the use of serratiopeptidase as an
adjunct to anesthesia in various clinical
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settings. Anesthesiologists recognize that
overall anesthesia is the result of a loss of
consciousness, memory, immobility, and
autonomic and  protective  reflexes
(Cascella, 2020). The anesthetic actions on
the central nervous system may occur via
intravenous anesthetics as well as inhaled
anesthetics by related neurotransmitter
systems (Hao ef al., 2020). The primary
action of such drugs is the potentiation of
inhibitory synaptic current —mediated
through the neurotransmitter gamma-
aminobutyric acid, an action that can
promote sedation, hypnosis, general
anesthetic effects, and  loss of
consciousness. Their secondary actions are
blockade of excitatory tracts mediated
through the neurotransmitter glutamate to
produce amnesia, analgesia, immobility,
and inhibition of dialogue between the
cortex, reticular activating system, and
thalamus to produce hypnosis (Sills &
Rogawski, 2020). A clinical adjunct for
producing anesthetic effect is to facilitate or
prevent serotonergic and dopaminergic
effects.  Combining these  differing
independent effects or using them
simultaneously, a new synthesis of CNS
depressants with greater effectiveness,
fewer side effects, and improved actions
can be obtained (Altwal et al, 2020;
Gomes & Grace, 2021; Angelopoulou et al.,
2023). The aim of the present study was to
evaluate the impact of serratiopeptidase on
anesthesia  indices, including onset,
duration, and recovery, as well as the depth
of anesthesia, respiratory rate, and heart
rate, in mice anesthetized with xylazine and
ketamine.

MATERIALS AND METHODS

Animals: Male albino mice (n=32) aged 8-
10 weeks were obtained from the College of
Veterinary Medicine/University of Tikrit.
Mice were housed in  standard
polypropylene cages (4 mice per cage)
under controlled environmental conditions
(Temperature: 22+ 2°C, humidity: 50-60%,
12-hour light/dark cycle). Mice were
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provided with standard rodent chow and
water ad libitum.

Ethical considerations: All experimental
procedures were approved by the
Institutional Animal Care and Use
Committee (IACUC) of the College of
Veterinary Medicine/University of Mosul
(UM.VET.2024.006) and were conducted
in accordance with the National Institutes of
Health Guide for the Care and Use of
Laboratory Animals.

Experimental Design:

Grouping: Mice were randomly divided
into four groups (n= 8 per group):

First group: Received vehicle (saline) daily
for 15 days.

Second group: Received 5 mgkg
serratiopeptidase orally once daily for 15
days.

Third group: Received 10 mg/kg
serratiopeptidase orally once daily for 15
days.

Fourth group: Received 20 mg/kg
serratiopeptidase orally once daily for 15
days.

Anesthesia: On the 16" day, all mice were
anesthetized with an intraperitoneal
injection of xylazine (10 mg/kg) and
ketamine (150 mg/kg) (Levin-Arama et al.,
2016). The onset, duration, and recovery of
anesthesia were recorded. The onset of
anesthesia was defined as the time from
injection to the loss of the righting reflex.
The duration of anesthesia was measured
from the onset of anesthesia to the recovery
of the righting reflex. Recovery time was
recorded as the time from the end of
anesthesia to the full recovery of
spontaneous movement and consciousness
(Alves et al., 2010; Naser et al., 2024). The
mice were warmed during anesthesia by
placing them near an electric heater.

Monitoring of Physiological Parameters:
Oxygen Saturation (SpO.), respiratory rate,
and heart rate were recorded using the YK-
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8000C Multi-Parameter Patient Monitor.
After the mouse lose the body-righting
reflex (Tsukamoto ef al., 2015) and entered
the anaesthesia stage, the three electrodes of
the device are placed as shown in Figure
(1). First, we place the right electrode for
the right forelimb and then the left electrode
for the left forelimb. The second step is to
place the SpO2 probe animal clip on the
right leg where the vein or artery is located.
The third step is to read the heart rate,
respiratory rate and SpO2 from the
multiparameter monitor device.

Statistical Analysis:

All data are presented as mean + standard
error of the mean (SEM). Data was
analyzed using one-way ANOVA followed
by Tukey’s post-hoc test for multiple
comparisons. Statistical significance was
set at P<0.05.

‘ y
)

Figure 1: Multi-Parameter Patient Monitor
RESULTS

Onset of Anesthesia: The control group had
the shortest onset time (72.88+13.50
seconds), and the serratiopeptidase 5 mg
group exhibited a significantly longer onset
time (147.4+8.13 seconds) (P=0.023)
compared to the control group. The
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serratiopeptidase 10 mg group also showed
a significantly longer onset time (137.40+
17.72 seconds) (P=0.041) compared to the
control group. The serratiopeptidase 20 mg
group had a significantly shorter onset time
(107.38% 8.05 seconds) compared to the 5
mg group.

Duration of anesthesia:

The serratiopeptidase 5 mg and 10 mg
groups showed significantly prolonged
anesthesia duration (192.25+32.81 minutes
and 195.75+26.66 minutes, respectively)
compared to the control group (119.50+7.22
minutes). The serratiopepti-dase 20 mg/kg
group had a significantly shorter duration of
anesthesia  (120.50+ 14.74  minutes)
compared to both the 5 mg and 10 mg
groups.

Recovery time: The serratiopeptidase 20
mg group exhibited a significantly longer

recovery time (77.9£14.90 minutes)
(P=0.048) compared to the 5 mg group
(55.3+£9.38 minutes).

Oxygen Saturation Sp0z): All
serratiopeptidase-treated groups exhibited
significantly higher oxygen saturation
compared to the control group. The SpO>
increased in a dose-dependent manner with
serratiopeptidase treatment, with the 20 mg
group showing the highest SpOo.

Respiratory rate: All serratiopeptidase-
treated groups showed a significant increase
in respiratory rate compared to the control
group. The 20 mg serratiopeptidase group
exhibited the highest respiratory rate.

Heart rate: All serratiopeptidase-treated
groups displayed a significant decrease in
heart rate compared to the control group
(p=0.033). The 10 mg serratiopeptidase
groups showed the lowest heart rate.

Table 1: The effect of 15-day oral administration of serratiopeptidase on the anesthesia indices

by xylazine and ketamine.

Group Control Serratiopeptidase Serratiopeptidase Serratiopeptidase
Index (5 mg) (10 mg) (20 mg)
Onset (second)  72.88+13.50  147.40+8.13+* 137.40£17.72% 107.38+8.054
Duration of
anesthesia 119.50+£7.22  192.25+32.81% 195.75+£26.66%  120.50+14.74AB
(minute)
Recovery 59.0+5.82 55.349.38 64.5+9.69 77.9+14.90%
(minute)
Oxygen 86.50 +421  92.00 £1.83 95.25%+0.81 97.50%£0.42
saturation (SpO»)
Respiratory rate 11.0+0.4 17.5£2.9% 15.8+1.1 19.8+2.9%
Heart rate 101.5+15.2 84.0+1.8* 82.3+5.6% 83.3+3.2#

The data are presented as the mean = SE of 8 mice/group.

* Significantly different from the data of the control group at P< 0.05.

A significantly different from the data of group 5 mg at (P<0.05).

B Significantly different from the data of the group of 10 mg at (P< 0.05).
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Figure 2: Effects of serratiopeptidase on Anesthesia onset, duration, and recovery
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Figure 3: Effect of serratiopeptidase on anesthesia indices (Line Plot).
DISCUSSION drugs and other substances influence its

The study was designed to examine the
properties  of  serratiopeptidase  on
anesthesia by a mixture of xylazine and
ketamine in murine. Animals play a crucial
role in research, contributing significantly
to medical and scientific advancements.
They are used to study disease, test new
drugs, and understand biological processes
in ways not possible with other methods
(Naser et al., 2020; Albadrany & Naser,
2020; Bashar & Albadrany, 2022).
Anesthesia is a critical aspect of numerous
medical procedures, and understanding how
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onset, duration, and recovery is important
for optimizing patient care (Feldheiser et
al., 2016). Serratiopeptidase at 5 mg/kg and
10 mg/kg orally significantly delayed the
onset of anesthesia compared to the control
group. This suggests that lower doses of
serratiopeptidase  might augment the
anesthetic agents to slow the induction of
anesthesia. Serratiopeptidase may compete
with the xylazine and ketamine receptors,
and this can inhibit the binding and delay
anesthesia (Goldman et al., 2014). Serratio-
peptidase can influence the concentrations
of neurotransmitters participating in the
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process of anesthesia, like GABA and
glutamate (Azzam et al., 2023). and thus
influence the duration of the anesthetic
action. Serratiopeptidase 10 mg and 5 mg
significantly increased anesthesia duration
compared to the control. This may indicate
that lower doses of serratiopeptidase
potentiate the anesthetic effects of xylazine
and ketamine. Serratiopeptidase has anti-
inflammatory activity. Anesthetic sensiti-
vity can be modulated by inflammation.
Serratiopeptidase may act because it
potentially reduces inflammation, therefore
enhancing the anesthetic effects and
prolonging their duration (Wala, 2017,
Fadel & Mustafa, 2023). Serratiopeptidase
may affect the concentrations of some of the
neurotransmitters relevant to general
anesthesia, which includes GABA and
glutamate, leading to extended duration of
the action of the general anesthetics. The 20
mg dose showed a trend towards a longer
recovery time, but it was not statistically
significant. This suggests that higher doses
of serratiopeptidase might have a greater
impact on recovery time, potentially due to
a stronger interaction with anesthetic agents
or physiological systems. Here it should be
noted that high doses of serratiopeptidase
may have a stimulating effect on the
nervous system through its mechanism of
inhibiting the brain cholinesterase, and thus
a relative increase in the concentration of
acetylcholine, which is a stimulating
neurotransmitter (Ahmed et al., 2013; Fadl
et al., 2013). Therefore, high doses of
serratiopeptidase led to a reduction in the
period of anesthesia. All doses of
serratiopeptidase led to a significant
increase in SpO> level compared to the
control group. This suggests that serratio-
peptidase may improve oxygenation during
anesthesia. An increase in respiratory rate
could be a compensatory mechanism to
maintain adequate oxygen delivery to the
tissues (Shah, 2021). A deeper level of
anesthesia can depress respiratory drive,
and the increased respiratory rate might be
an attempt to counteract this effect.
Serratiopeptidase may directly influence
the respiratory centers in the brainstem,
leading to increased respiratory drive
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(Hosseini et al., 2024). Xylazine and
ketamine themselves can cause a decrease
in heart rate (Ullah et al., 2017; Afshar et

al.,  2005). Serratiopeptidase  might
potentiate this effect. Serratiopeptidase
could potentially stimulate the

parasympathetic nervous system, leading to
a decrease in heart rate.

Limitation of the study: the study was
conducted on mice, and the results may not
directly translate to humans. The study
investigated only a limited range of
serratiopeptidase doses. A wider range of
doses might reveal a more nuanced dose-
dependent effect. The exact mechanisms
underlying the observed effects of
serratiopeptidase on anesthesia are not fully

understood and require further
investigation.
CONCLUSION

The study provides preliminary evidence
that serratiopeptidase may have some
influence on anesthesia induced by xylazine
and ketamine in mice. However, the
findings require further validation and
exploration in other animal species. The
potential mechanisms underlying these
effects need to be thoroughly investigated.

AUTHORS CONTRIBUTIONS

Author 1 conceived and designed the study,
and author 2 performed the experiments,

analyzed the data, and wrote the
manuscript.
CONFLICT OF INTEREST

The authors declare that they have no
competing interests.

ACKNOWLEDGMENT

The authors would like to thank the
deanship of the College of Veterinary
Medicine for their valuable contributions to
this work.



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 186 July 2025, 242-250

REFERENCES

Abdul Hameed, Y. and Naser, A. (2025):
Exploring The Anxiolytic and
Neurobehavioral Benefits of
Serratiopeptidase in Mice. Journal of

Applied Veterinary Sciences. 10 (1),
57-63.

Afshar, F.S.;,  Baniadam, A. and
Marashipour, S.P. (2005): Effect of
xylazine-ketamine on arterial blood
pressure, arterial blood pH, blood
gases, rectal temperature, heart and
respiratory rates in goats. Bulletin-
Veterinary Institute in Pulawy, 49(4),

481.
Albadrany, Y. and Naser, A. (2020):
Coenzyme QI0 coadministration

with diclofenac augmented impaired
renal function in broiler chickens
(Gallus gallus domesticus).
Veterinary World, 13(4), 642—648.

Ahmed, H.H.; Nevein, N.F.; Karima, A. and
Hamza, A.H. (2013): Miracle
enzymes serrapeptase and nattokinase
mitigate  neuroinflammation  and
apoptosis associated with
Alzheimer’s disease in experimental
model. WJPPS, 3, 876-891.

Altwal, F.; Moon, C.;, West, A.R. and
Steiner, H. (2020): The multimodal
serotonergic ~ agent  vilazodone
inhibits ~ L-DOPA-induced  gene
regulation in striatal projection
neurons and associated dyskinesia in
an animal model of Parkinson’s
disease. Cells, 9(10), 1-21.

Alves, H.N.C., Da Silva, A.L.M.; Olsson,
1LA.S.; Orden, JM.G. and Antunes,
LM. (2010): Anesthesia with
intraperitoneal propofol,
medetomidine, and fentanyl in rats.
Journal of the American Association
for Laboratory Animal Science,
49(4), 454-459.

Angelopoulou, E.; Stanitsa, E.; Karpodini,
C.C.; Bougea, A.; Kontaxopoulou,
D.; Fragkiadaki, S.; Koros, C.;
Georgakopoulou, V.E.
Fotakopoulos, G. and Koutedakis, Y.
(2023): Pharmacological and Non-

248

Pharmacological Treatments for
Depression in Parkinson’s Disease:
An Updated Review. Medicina,
59(8), 1454.

Azzam, S.M.; Rahman, A.A.S.A.; Ahmed-
Farid, O.A.; El-Wafa, WM.A. and
Salem, G.EM. (2023):
Lipopolysaccharide induced
neuroprotective effects of bacterial
protease against Alzheimer’s disease
in male Wistar albino rats.
International Journal of Biological
Macromolecules, 230, 123260.

Bashar, Q.M. and Albadrany, Y.M. (2022):
Evaluation of the Antipyretic,
Analgesic, and Anti-inflammatory
Effects of Pregabalin in Chicks.

Egyptian  Journal of Veterinary
Sciences, 53(3), 323-328.

Cascella, M. (2020): The challenge of
accidental awareness during general
anesthesia.  General  Anesthesia
Research, 1-33.

Duarte, N.; Martins, J.P.; Garcia-Pedraza,
J. and Santos, M. (2024): Ten-year
analgesic utilization patterns and
economic implications in Portugal.
British ~ Journal  of  Clinical
Pharmacology.1-16.

Fadel, M A.; Mustafa, K.A. and Thanoon,
LA. (2023): Effect of methotrexate
on neurobehavior and cholinesterase
in chicks. Iraqi Journal of Veterinary
Sciences. 37(4), 985-989.

Fadel, M A. and Mustafa, Kh.A.(2023): The
anti-inflammatory effect of
allopurinol and diclofenac in chicks’
model. Iraqi Journal of Veterinary
Sciences, 37(3), 547-553.

Fadl N.N.; Ahmed, H.H., Booles, H.F. and
Sayed, A.H. (2013): Serrapeptase and
nattokinase intervention for relieving
Alzheimer’s disease pathophysiology
in rat model. Human & Experimental
Toxicology, 32(7), 721-735.

Feldheiser, A.; Aziz, O.; Baldini, G.; Cox,
B.; Fearon, K.C.H.; Feldman, L.S.;
Gan, T.J.; Kennedy, R.H.,; Ljungqvist,
O. and Lobo, D.N. (2016): Enhanced
Recovery After Surgery (ERAS) for
gastrointestinal  surgery, part 2:
consensus statement for anaesthesia



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 186 July 2025, 242-250

practice. Acta Anaesthesiologica
Scandinavica, 60(3), 289-334.

Goldman, J.L.; Sammani, S.; Kempf, C.;
Saadat, L.; Letsiou, E.; Wang, T.;
Moreno-Vinasco, L.; Rizzo, A.N.;
Fortman, J.D. and Garcia, J.G.N.
(2014):  Pleiotropic  effects of
interleukin-6 in a “two-hit” murine
model of acute respiratory distress
syndrome. Pulmonary Circulation,
4(2), 280-288.

Gomes, F.V. and Grace, A.A. (2021):

Beyond dopamine receptor
antagonism:  new  targets  for
schizophrenia treatment and

prevention. International Journal of
Molecular Sciences, 22(9), 4467.

X.; Ou, M.; Zhang, D.; Zhao, W.;
Yang, Y.; Liu, J.; Yang, H.; Zhu, T.;
Li, Y. and Zhou, C. (2020):The effects
of general anesthetics on synaptic

Hao,

transmission. Current
Neuropharmacology, 18(10), 936—
965.

Hosseini, S.B.; Azizi, M.; Nojoumi, S.A. and
Valizadeh, V. (2024): An up-to-date
review of biomedical applications of
serratiopeptidase and its biobetter
derivatives as a multi-potential
metalloprotease. Archives of
Microbiology, 206(4), 180.

Levin-Arama, M.; Abraham, L.; Waner, T.;

Harmelin, A.; Steinberg, D.M.;
Lahav, T. and Harlev, M. (2016):
Subcutaneous compared with

intraperitoneal ketamine—xylazine for
anesthesia of mice. Journal of the
American Association for Laboratory
Animal Science, 55(6), 794-800.

Nagarajan, R.K.; Najmi, A.; Das, S.; Jain,
A.; Kaore, S.N.; Atal, S.; Bhavya, B.
and  Balakrishnan, S. (2024):
Prescription pattern of wusage of
analgesics in pain relief in cancer
patients at a tertiary care teaching
hospital-An observational
prospective study. Future Health,
2(2), 120-126.

Naser, A.S.; Albadrany, Y.; Shaaban, K A.
(2020): Isobolographic analysis of
analgesic interactions of silymarin
with ketamine in mice. Journal of the

249

Hellenic Veterinary Medical Society.
71(2), 2171-2178.

Naser, A.S. and Albadrany, Y.M. (2024):
Evaluation of the therapeutic effects
of serratiopeptidase in  chicks.
Macedonian  Veterinary  Review,
47(2), 115-122.

Naser, A.S.; Albadrany, Y.M. and Abdullah,
M.A. (2024): Evaluation of the
advantages of orphenadrine in
anaesthesia caused by ketamine in
mice. Iraqi Journal of Veterinary
Sciences, 38(1), 233-238.

Nestor, C.C.; Ng, C.; Sepulveda, P. and
Irwin, M.G. (2022): Pharmacological
and clinical implications of local
anaesthetic mixtures: a narrative
review. Anaesthesia, 77(3), 339-350.

Pai, S.M.; Gries, J. and Committee, A.P.P.

(2022): Oft-label use of ketamine: a

challenging drug treatment delivery

model with an inherently unfavorable
risk-benefit profile. The Journal of

Clinical Pharmacology, 62(1), 10—

13.

C.-M.; Osz, B.-E.; Jitcd, G.; Miklos,

A.; Batrinu, M.-G. and Imre, S.

(2021): Off-label medication: from a

simple concept to complex practical

aspects. [International Journal of

Environmental Research and Public

Health, 18(19), 1-15.

Shah, N. (2021): Effects of Systemic
Enzyme Supplements on Symptoms
and Quality of Life in Patients with
Pulmonary Fibrosis—A Pilot Study.
Medicines, 8(11), 68.

Rusz,

Sills, G.J. and Rogawski, M.A. (2020):
Mechanisms of action of currently
used antiseizure drugs.
Neuropharmacology, 168, 107966.

Stewart, J. and Badiani, A. (1993):
Tolerance and sensitization to the
behavioral  effects of  drugs.
Behavioural Pharmacology, 4(4),
289-312.

Tsukamoto, A.; Serizawa, K.; Sato, R.;
Yamazaki, J. and Inomata, T. (2015):
Vital signs monitoring  during
injectable and inhalant anesthesia in
mice. Experimental Animals, 64(1),
57-64.



Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 71 No. 186 July 2025, 242-250

Ullah, S.; Ali, M.; Shuaib, M., Hussain, S., Inflammatory Properties of
Abbass, Z. and Khan, N. (2017): Combination of Bromelain Trypsin
Effect of xylazine and ketamine on and Rutoside with Combination of
pulse rate, respiratory rate and body Ibuprofen Trypsin and Chymotrypsin
temperature in dog. [International Following Third Molar Extraction—A
Journal of Avian and Wildlife Comparative Study. Rajiv Gandhi
Biology, 2(4), 137-139. University of Health Sciences

Wala, L.J. Choudhary, A. and Reddy, B (India).8(2), 464-468.

(2017): Clinical Evaluation of Anti-

oaddll Je i o) puadl 3 ) Slall il jal) _als
sl pola dan) ¢ Laad) 18 I grca iy

Email: AhmadphdO@gmail.com  Assiut University web-site: www.aun.edu.eg

Ao Dl pilisae Aly ¢ Ll pond) b 53 (e (3ide sa 5 Clisi s pll Alladl iy 339 (e i sl pad) any
¢ Ol o)yl 50 83 Hall a2 ciaa o sl Allae 52D ASiie 5 Ll 30l (ailiad 4SULY
sl o5 el s 3 S 8 a8l o) il (& Q) i i Jaea s udil) Jane s (SPO2) CismnsSY)
el el ) Ji g 15 8aal adll (Ga sk (2 aaS / axle 20 5l 10 ) 5 (le yan Sl 58 jaull o) )
s elly (8 lay 523l julas Joasi a3 (sl Ao Qlall 8628/ a2le [50 510 ) el 0 320 510
[ axde 10 55 Hlasion sl ymall aselae Cijedal ¢ 5 gl de sanall pe 45 jlaally A8EYI 8 g5 4ina s padil)
xS [ axle 20 de sane D pgdal (@l o uSall o g puaaill 5 8 84 gimasaly )y il eay 3 AU aRS
33 ) ) Adlal 23S/ aale [0 55 Sle ganay 45 )lia paaill 3 8 8 (5 gine Jlali g podill ey K5 juad
Ll Gle gandl pran @jehl 3kl de ganay & jla axS/azle 20 de senall & AWV 35w
Cle gane aen Cjehl @y ) ALYl g sime JS0 SV a8 3aL ) lari syl
il ol pds il Jaea ‘;Rﬁ,nggjjgmh:updm;@gjm&us\ )'\q:\:\,%ﬁs\‘),,..d\
Gl PR e 08 8 padill i) 8 de all e adiad @l il elliay ladiu el il o )
i 8 el e 3 dle gD saliaal) 4l ol /5 dpanl) JB) gl Gl i gan (el Baiea
g st il e e (A dala a0yl (8 jpaaally ddagi jall A gl sl juleall o Glading 5350 o)

i) g Alaiaall 4y pudl Y CalaSi 5 dpuluY) AN

250


mailto:maabazmi@gmail.com
http://www.aun.edu.eg/
https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/credit.html

