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Abstract

E aim to determine effects of BAF-EE and CLP-EE ethanol extracts on apoptotic-gene

expression , hemogram and serum protein profiles in S. aureus-infected mice. HPLC was
utilized for qualitative estimation of phenolic compounds in both extracts. Sixty mice were divided
into non-infected Group (n=15) and a group of 45 mice that were inoculated S/C with 0.1 ml of
2 x10" CFU of a well-identified isolate of S. aureus. On 7" dpi, mice were subdivided into 3 equal
groups and were orally dosed with BAF-EE, CLP-EE and Ciprofloxacin, at dosages of 200 mg, 100
mg and 20 mg/Kg BW/daily for 5 days, respectively. All mice were clinically monitored for 4 weeks
for local inflammatory reactions and symptoms of sepsis. On days 3, 7, 14, 21, and 28, two blood
samples were taken from three mice in each group before being sacrificed. Blood samples were used
for hemogram and serum protein assays. The expression of apoptosis-genes in liver cells was
investigated via semi-gRT-PCR. The data obtained show that four phenolic compounds were
identified in each extract. Erytrogram was elevated after all treatments while, leucocyte counts except
monocytes were elevated in mice treated with both extracts. Total protein and globulins increased in
ciprofloxacin-treated mice. Treatment with both extracts reduced the expression of pro-apoptotic
genes caspase-3, Bax and p53 while, increasing the anti-apoptotic gene Bcl-2, with CLP-EE
outperforming BAF-EE. The study concludes that both CLP-EE and BAF-EE seem to have
antibacterial capabilities, as evidenced by their protective impact on apoptosis-related genes and
blood picture.
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metabolic profile.

Introduction

Staphylococcus aureus (S. aureus) is one of the most
significant zoonotic bacterial pathogens, infecting a
variety of species, including dairy cows and humans
[1]. Recent reports of disease control from the US
Centres, recorded that S. aureus is now considered
the second most common bacterial pathogen after
Escherichia coli causing disease, and that
staphylococcal enterotoxin causes food poisoning [2].
S. aureus can infect different parts of the body; it
may infect superficial skin and soft tissues, and the
infections may extend to the blood causing
septicaemia threatening the survival of the animal [3,
4, 5]. The courses of infection depend on the strength

of the host's immunity and the virulence of S. aureus
[6].

S. aureus developed a variety of defence
mechanisms against antimicrobial agents, and the
overuse and misuse of these drugs have contributed
to the rise in antimicrobial resistance (AMR). The
emergence of AMR of S. aureusis a global public
health threat worldwide [2]. When bacteria are
exposed to antibiotics, resistance can emerge in
organisms causing genetic mutations, making
treatment challenging [7,8]. Methicillin-resistant S.
aureus (MRSA) strains carry a mec gene on the
bacterial genome, which is part of the wider
staphylococcal chromosomal cassette mec (SCC
mec) area, conferring resistance to numerous
antibiotics [9,10]. Thus, there are growing interests in
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exploring natural products, such as medicinal plants,
for their potential antimicrobial activity, as they may
offer a source of novel compounds with unique
mechanisms of action [11,12].

Many medicinal plants have been traditionally
used for their antimicrobial properties and have been
shown to be effective against a variety of
microorganisms including Staphylococcus species
[13, 14, 15]. Among these plants, Balanites
aegyptiaca (B. aegyptiaca) and turmeric (Curcuma
longa L.). B. aegyptiaca, also known as ‘desert date’,
is a plant found in Africa and South Asia. Its fruits
have been traditionally used in medicine to treat
various ailments [16, 17]. The fruits of B. aegyptiaca
are rich in wvarious compounds with reported
antioxidant, anti-inflammatory and antimicrobial
properties [15,YA , Y4, 20]. B. aegyptiaca contained a
wide assortment of bioactive compounds which have
pharmacological action such as flavonoids, saponins,
tannins, phenols, terpenoids and steroids [15, 20].
The hydro ethanolic extracts of B. aegyptiaca
inhibited the growth of S. aureus isolated from
wounds [21]. Administration of B. aegyptiaca
ethanol extract in goats infected with Haemonchus
Contortus was able to reestablish the diminish in
antioxidant enzyme activities [22] with regulating
pro-inflammatory cytokines, hence preserving cells
from apoptosis [23].

The dried and powdered rhizomes of Curcuma
longa L. (C. longa) belongs botanically to the
Zingiberaceae family, commonly known as turmeric.
Turmeric is generally used as a food-coloring
ingredient and has a wide diversity of
pharmacological properties [24]. A number of studies
approved that turmeric extract is effective and safe
for the treatment of autoimmune and inflammatory
diseases [25]. It includes a wide antibacterial impact
against a variety extend of bacteria, indeed those
resistant to antimicrobials [15, 26, 27]. Curcumin
has been appeared to be viable against the bacteria
that are dependable for surgical contaminations and
implant-related bone diseases, essentially S. aureus
and E. coli [26]. It has also a wide range of effects,
such as antifungal, antimalarial, antiviral,
antioxidant, anti-inflammatory and anti-parasitic
properties [15, 28,29]. These medical properties can
be attributed to turmeric's high amount of
curcuminoids particularly  curcumin, which s
regarded a chemical mark for that species [26].

Studying the therapeutic benefits of medicinal
plants contributed to the identification of biologically
active compounds known as polyphenols. They are
plentiful in plants and structurally varied [30].
Polyphenols, which comprise phenolic acids,
flavonoids, tannic acid, and ellagitannin, are fair a
couple of the auxiliary metabolites that medicinal
plants possess [31]. Polyphenols have been linked to
a variety of biological activities, including
immunomodulatory, antioxidant, anti-inflammatory,
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along with antibacterial and viral capabilities [32,33].
Moreover, through demonstrated anti-inflammatory
impacts they can balance apoptotic forms within the
vascular  endothelium  [34]. More, common
polyphenols act synergistically with clinically
affirmed display drugs, making them more
productive and can be utilized to plan a potential
treatment  in  combination  with  existing
medicate [35,36].

Apoptosis, a type of programmed cell death,
holds significance in bacterial sepsis, with numerous
bacterial pathogens triggering host cell death through
apoptosis [37]. This process relies on a dynamic
cascade of cysteine endopeptidases known as
caspases, which form a family of intracellular
cysteine proteases. Caspases cleave various cellular
proteins, ultimately culminating in the cessation of
the cell [38]. The S. aureus infection results in
apoptosis, particularly when it causes sepsis and
atopic dermatitis. During infection, bacterial toxins
promote apoptosis, which is important in disease
processes [39].

This article sought to determine the therapeutic
properties of B. aegyptiaca fruits and C. longa
rhizome powder ethanol extracts on expression levels
of apoptosis-related genes, hemogram and serum
protein profiles in mice with S. aureus experimental
infection. Also, some phenolic components in both
extracts were identified using HPLC.

Material and Methods

Plants
Plant Materials and Extraction

The B. aegyptiaca and Rhizome of C. longa were
purchased from a local market in Halaieb, Upper
Egypt, and the Al Hussein area, Cairo, Egypt,
respectively. Both plants were identified and
authenticated by a Botanist in the Department of
Culturing and Production of Medicinal Plants, NRC,
Egypt. Ethanol extraction of B. aegyptiaca (BAF-
EE) and dried Rhizome powder of C. longa (CLP-
EE) was performed [40]. The fruit's mesocarp and
CL powder were macerated many times for one week
at room temperature with 70% ethyl alcohol before
being filtered. The solvent was subsequently
eliminated under vacuum at 40 °C using a rotary
evaporator, and the resulting extract was preserved at
-4°C.

High Performance Liquid Chromatography analysis
of phenolic compounds

The distinguishing proof of polyphenols in BAF-
EE and CLP-EE were examined employing High
Performance Liquid Chromatography  System
(HPLC) (Shimadzu, Kyoto, Japan) equipped with a
LC-20 AD liquid chromatograph, SIL-20A auto
sampler, CTO-20AC column oven and an SPD-
M20A diode matrix detector. The qualitative
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evaluation of five biologically active phenolic
ingredients, specifically gallic acid, quercetin, rutin,
coumaric acid, and vanillin within the two extracts
was conducted. The dried ethanol extracts were
dissolved in ethanol (1 mg/mL), filtered, and
analysed using a Shimadzu HPLC system, as
described by Sabir et al. 2021 [41]. The most ideal
separation emerged in 40 minutes utilizing gradient
elution of methanol, deionized water, and acetic acid
on a Zorbax plus C18 column (4.6 x 100 mm, 3.5
um) at 25°C. The chromatographic peaks were
validated by comparing their retention times to those
of reference standards, and by DAD spectra (200-500
nm). Phenol compounds were identified by screening
the Dictionary of Natural Products (DNP), validated
by their fragmentation patterns, and compared to
literature data.

Bacterial strain

The microbial strain of was isolated from bovine
skin abscesses infection. The skin swab was
aseptically collected utilizing sterile cotton buds,
deposited in a test tube filled with nutrient broth, and
promptly transported to the laboratory in an ice box.
The skin swab collected was enriched in nutrient
broth by incubation at 37 °C for 24 hours. Enriched
cultures were streaked on different differential and
selective culture mediums such as nutrient agar,
blood agar, and mannitol salt agar (MSA), according
to the methods described by WHO [42]. The
identification of the staphylococcus isolate was
performed using Gram staining and biochemical
tests. The bacterial strains were preserved in a broth
with 25% (v/v) glycerol (Sigma-Aldrich) at -20 °C
until needed.

Molecular characterization of isolates:

The DNA from the S. aureus colonies was
purified using the Genomic DNA Mini Kit (Qiagen)
instructions provided by the manufacturer. The Nano
drop System (Thermo-Scientific, UK) was utilized to
assess the concentration and virtue of isolated DNAS
at an optical density of 260/280 nm.

Thermocycler reaction was carried out under the
following conditions: five-minute heating period at
94°C for primary denaturation, there were thirty
seconds of 94°C, one minute of 55°C, and one minute
of 72°C for denaturation, annealing, and extension,
respectively. These thermal cycles were repeated
thirty five times. The last extension was then
performed for ten minutes at 72C. The PCR was
conducted using primers (Willowfort) as shown in
table (1) [43,44, 45]. PCRs products were isolated by
electrophoresis on 1.5 % agarose gel (Applichem
Germany) in 1x TBE buffer at 25°C. The fragment
sizes were determined using the Gene-Ruler 100 bp
DNA ladder (Fermentas, Germany). The gel was then
photographed using a documentation system
(BioRad), and the information were analysed using
computer program.

Animal Model and Housing

Sixty healthy white Swiss mice (15-20 g body
weight) were obtained from the National Research
Centre Animal House in Giza, Egypt. They were kept
in a well-ventilated animal room at the Animal
House. The room had regulated settings of 25°C
temperature, 50+5% relative humidity, and a 12-hour
light/dark cycle. The mice had access to ad libitum
food and water to fulfill their nutritional needs and
underwent a 15-day acclimatization period before the
study began NRC [46].

Experimental design
Bacterial inoculation

A well-identified isolate of S. aureus was
prepared for experimental infection in mice
according to Kim et al. 2014 [47]. The bacterial
solution was thawed, cultured overnight in tryptic soy
broth with rotation at 37 °C, diluted 1:100 into fresh
broth and incubated further to absorbance at 600 nm
(A600) then centrifuged, and the pellet washed in
PBS. A viable count was employed to assess the
quantity of live bacteria in each bacterial solution,
determined by enumerating the colony-forming units
(CFU).

Experimental treatments

Following the acclimatization period, the mice
were divided into two groups. The first group of 15
mice and was injected S/C with 0.1 ml of sterile
saline and served as the negative control. The
remainder 45 mice were received S/C injections with
0.1 ml of 2 x 10" CFU (colony-forming units) of S.
aureus bacteria at four different sites on their shaved
backs. On the 7" day post-infection (dpi), mice were
divided into 3 equal groups of 15 mice and each
group was orally administered with a single dose of
the selected plant extracts and standard antibiotic, for
5 successive days. The BAF-EE, CLP-EE, and
Ciprofloxacin antibiotics were given at dosages of
200 mg [48], 100 mg [49] and 20 mg/kg BWs,
respectively.

Clinical and Macroscopic examination (Post-mortem)

All mice were clinically monitored throughout the
trial for local inflammatory reactions and symptoms
of sepsis. From each group, three mice were
anesthetized using Ketamine/ Xylazine Pfizer 0.1
ml/20 gm mouse wt. IP, euthanized and sacrificed on
days 3, 7, 14, 21, and 28 of the experiment for post-
mortem inspection.

Sampling and analyses

Two blood samples, with and without ethylene
diamine tetra-acetic acid (EDTA), were collected by
puncturing the retro orbital plexus of the veins of 3
mice from each group before sacrifice on days 3, 7,
14, 21 and 28 of the experiment. Blood samples
obtained in vacationer tubes with EDTA as an
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anticoagulant ~ were utilized for hemogram
investigations, while those collected in plain tubes
were separated into clear sera and stored at -20 °C
until needed for the protein levels assays. Liver
samples kept at -80 °C until utilized to assess
expression levels of apoptosis-related genes. The
samples obtained on days 3 and 7 before treatment
are deemed control positive.

Blood Picture

The erythrogram and leukogram profiles of blood
image were assessed employing a hematological
analyzer (ExigoVet, Sweden). Erythrogram exhibited
the red blood cell count (RBCs), hematocrit (HCT),
hemoglobin (Hb) concentration, mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin
concentration (MCHC). The leukogram involves total
white blood cells (WBCs) as well as differential
leukocytic counts of lymphocytes, monocytes, and
granulocytes (neutrophils + eosinophils + basophils).

Serum protein analysis

Serum levels of total proteins and albumin were
measured using kits purchased from Erba, Germany.
Total globulins were determined by subtracting the
albumin value from the total proteins. The
albumin/globulin ratio (A/G) was computed using the
obtained values of albumin and globulins.

Expression of pro- and anti-apoptotic gene levels in
mice hepatic cells

RNA extraction and purification

Total RNA was isolated from the liver of both
treated and control mice groups using the TRIzol®
reagent (Invitrogen, USA) according to the
manufacturer's instructions. This technique utilizes a
monophasic liquid to homogenize tissues and lyse
cells, effectively capturing RNA while minimizing
degradation. The RNA pellets were stored in diethyl
pyrocarbonate (DEPC). To remove any residual
genomic DNA, the extracted RNA was treated with
RNase-free DNase (Fermentas Inc., Ontario, CA.
RNA quality was subsequently assessed by two
methods:

Semi-quantitative reverse transcription-polymerase
chain reaction (semi-RT-PCR)

Reverse Transcription (RT): 2 upg of isolated
RNA from each sample were utilized for cDNA
synthesis using the High-Capacity RNA to RT-
Premix Kit (iINtRON Biotechnology, Korea). This kit
provides a convenient and streamlined approach for
reverse transcription reactions. In brief, total RNA
was activated at 70 °C for 10 min, and 20 pL reaction
mixtures were prepared with 4 pL MgCl,, 2 uL of
reverse transcription 10plbuffer, 2 puL of dNTP
mixture (10mM), 0.5 pL of random primers, 0.75 pL
of AMV reverse transcriptase enzyme, 1 ng of RNA,
and nuclease-free water to a final volume of 20 pL.
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The reaction was incubated at 45 °C for 60 min,
followed by incubation at 95 °C for 5 min. The
resulting cDNA was diluted to 100 pL with nuclease-
free water for PCR amplification. The generated
cDNA was stored at -20 °C for later use or used
directly as a template for semi-quantitative PCR.

Gene expression analysis

The sg-PCR was conducted following the
methodology outlined previously published methods
[50], sg-PCR was performed using the PCR System
9700 thermal cycler (Applied Biosystems, USA).
Oligonucleotide PCR primer pairs were designed for
Caspase-3, Bcl2, and Bax genes, referring to the
published primer sequences as detailed in Table 2
[51, 52, 53, 54, 55] for internal control and
normalization, GAPDH amplification was included
using established primer sequences.

The thermal cycling program adopted the following
parameters

Initial denaturation: 94°C for 5 minutes,
amplification cycles (30 repeats): denaturation: 94°C
for 60 seconds, annealing: 52-60°C for 30 seconds
(temperature varied depending on the target gene),
extension: 72°C for 1-minute, final extension: 72°C
for 5 minutes. The thermal cycling parameters
involved initial denaturation at 94 °C for 5 min,
followed by 30 cycles of amplification at 94 °C for
60 s for DNA denaturation, annealing at 52-60 °C for
30 s, and extension at 72 °C for 1 min, with a final
extension at 72 °C for 5 min.

Semi-quantitative determination of PCR (semi-qPCR)
products

GAPDH amplification served as the internal
control for standardizing gene expression levels.
Specific primers were utilized for GAPDH
amplification alongside those for the target genes
listed in Table 1. Following PCR, the ethidium
bromide-stained gel bands were scanned and
analyzed using the Gel-Pro software (version 3.1 for
Windows 3). This software quantified the intensity of
each band, revealing the relative levels of target gene
and GAPDH amplification products. This ratio,
presented in Table 1, facilitated normalization of the
initial variation in sample concentrations and
controlled for potential differences in reaction
efficiency, as previously described by Raben et al.
1996 [56].

Statistical analysis

The data was checked for normal distribution by
inspection of histogram distribution. Normally
distributed continuous data was expressed as mean +
standard error (SE). Statistical significance between
the normal control and treated groups was assessed
using ANOVA (one-way analysis of variance)
followed by Duncan’s multiple range test, conducted
with the SPSS (Statistical Package for Social
Science) Inc., Chicago, IL, USA, version 17
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computer program. A probability level of P < 0.05
was considered indicative of significance.

Results
Identification of some Phenolic compounds using HPLC

As appeared in Fig. 1, four phenolic compounds
are recognized in BAF-EE, including gallic acid,
catechin, rutin and coumaric acid. Gallic acid
showed up at retention time of 6.129 min and area %
of 1.97 (peak 1), Catechin at 8.615 min and 14.125 %
(peak 2), rutin at 13.16 min and 8.17 % (peak 3) and
Coumaric acid at 13.67 min and 24.4 % (peak 4).

Fig. 2 presents the detected polyphenols in CLP-
EE, which include Catechin appeared at retention
time of 6.129 min and area % of 1.97 (peak 1), rutin
at 8.615 min and 14.125 % (peak 2), Coumaric acid
at 13.16 min and 8.17 % (peak 3) and Vanillin at
13.67 min and 24.4% (peak 4).

Bacterial isolation and identification

Staphylococcus aureus grew on blood agar and
produced B—hemolysis, while on MSA it generated
tiny, smooth, circular, yellowish colonies with the
change of the medium color from bright red to
yellow. Microscopically, using the Gram-stain, the
S. aureus isolate displayed violet-colored, cocci-
shaped organisms arranged in clusters resembling
grapes. The biochemical reactions of isolated S.
aureus showed catalase, coagulase, methyl red,
Voges-Proskauer, nitrate reduction, and citrate
positive, while oxidase and indole negative.

Molecular characterization of isolates

All isolates were confirmed to be Staphylococci
by amplification of the 228 bp PCR product of the
Staphylococcal specific 16SrRNA gene. The isolates
were also identified as S. aureus by amplifying the
279 bp PCR product of specific thermonuclease gene
(nuc). More, amplification of 147 bp fragments, which
indicate methicillin-resistant Staphylococcus  aureus
(mecA gene) (Fig. 3).

Clinical and macroscopic assessment

Regardless of the dose used for inoculation, none
of the animals given the S/C injection of S. aureus
had general indications or symptoms of sepsis. After
48 hours, only locations injected with 0.1ml of 2 x10’
CFU of S. aureus showed evident inflammation,
including skin edema and redness. Macroscopic
examination confirmed an inflammatory response
within 3 days, with redness and swelling of the skin
and internal organs (liver, spleen and lungs).
Abscesses appeared in the superficial musculature as
well. However, vascular infiltrates were seen
surrounding these abscesses as illustrated in Figure 4.
Inflammation in the skin of mice in group treated
with CLP-EE began to subside faster than in other
groups. During the four weeks of the trial, there were
no symptoms of toxicity or mortality in the mice that
had been treated.

Hematological findings

Erythrogram of mice infected with S. aureus was
then treated with BAF-EE and CLP-EE and
ciprofloxacin (as a standard antibiotic) is illustrated
in Table 3. Compared to the negative control, the
data revealed that a significant (P<0.01) decrease in
the levels of RBC, HCT, and Hb was recorded in
mice infected with S. aureus at the 3" dpi, while their
levels returned to normal values at the 7" dpi.
Inversely, the MCV and MCH values were
significantly (P<0.01) elevated at the third dpi and
returned to the normal level at the 7" dpi. The
MCHC value was significantly (P<0.05) increased at
the 7™ dpi. Generally, the values of RBC, HCT, and
Hb were markedly elevated in mice after treatment
with BAF-EE, CLP-EE and ciprofloxacin at the 14",
21st, and 28™ dpi compared to the infected group at
the 3" dpi-infected. It could be stated that RBC,
HCT, and Hb levels were reached to their maximum
after BAF-EE, CLP-EE and ciprofloxacin at 14 dpi.
Also, the MCV and MCH values were reduced
(P<0.05) after treatment.

The leukogram counts of mice infected with S.
aureus were then treated with BAF-EE and CLP-EE,
and ciprofloxacin (Figure 5). Total leukocytic count
decreased (P<0.01) significantly at 3 dpi due to
reduced monocyte count. At the 7™ dpi, the results
showed that the WBCs count was markedly (P<0.05)
elevated due to the increase in the granulocyte
counts. Furthermore, the monocyte count was
significantly (P<0.05) reduced. After treatment, it
was observed that the counts of WBCs, lymphocytes
and granulocytes were significantly (P<0.05)
elevated in mice treated with BAE at 21 and 28 dpi
compared to the infected group with 7 dpi. On the
contrary, they rose after CLP treatment at 21 dpi.

Serum protein profile

Data revealed that serum total proteins and total
globulins increased (P<0.05) significantly at 7 dpi.
However, serum albumin and A/G ratios were not
significantly ~ (P>0.05) changed.  Furthermore,
infected mice treated with CLP-EE showed no
significant changes in total proteins, albumin, total
globulins, or A/G ratios (P>0.05). Ciprofloxacin
treatment in mice resulted in a significant rise
(P<0.05) in serum total proteins and total globulins at
14 dpi. After BAF-EE therapy, serum total protein;
total globulins were significantly reduced at 21 and
28 dpi (Fig. 6).

Pro- apoptotic gene expression levels

The effects of BAF-EE or CLP-EE on the
expression levels of pro-apoptotic; caspase3, Bax and
p53 gens, which is targeted by a wide range of agents
in apoptosis, were carried out in liver tissue samples
by semi-gPCR analysis. As shown in Figure 7 A-C,
S. aureus significantly increased the expression of the
genes tested. Supplementation with BAF-EE or CLP-
EE after S. aureus injection significantly inhibited
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elevated expression of caspase3, Bax and p53
induced by pathogens. Furthermore, CLP-EE
supplementation produced the best outcomes,
restoring the expression of measured genes to the
same levels as in the control group.

Anti- apoptotic gene expression levels.

S. aureus, on the other hand, had a substantial
negative influence on the expression of anti-apoptotic
Bcl-2 gene in liver tissue of all infected groups as
compared to the negative control. Treatment with
BAF-EE or CLP-EE resulted in considerably higher
regulation in both groups, as seen in Figure 7 D.
Meanwhile, the group supplemented with CLP-EE
outperformed BAF-EE and was able to elevate Bcl-2
expression to near-normal levels, similar to the
normal control group.

Discussion

S. aureus evolved a number of defence
mechanisms against antibiotics, and improper use of
these  medications has contributed to the
establishment of antimicrobial resistance. This
creates a global public health issue that gradually
reduces the efficacy of currently used drugs, causing
treatment failure of infections. The treatment remains
challenging due to the emergence of multi-drug
resistant strains such as MRSA (Methicillin-Resistant
S. aureus). Therefore, natural products, such as
medicinal plants, are increasingly being investigated
for their potential antibacterial activity. They might
provide a source of new molecules with distinct
modes of action [10].

In this study, the MRSA S. aureus isolates from
bovine skin infection were recognized based on the
morphology and cultural characteristics of grown
colonies in expansion to the results of standard
biochemical identification testing that produced
positive coagulase and catalase, but negative to
oxidase. These findings were similar to other studies
[9, 10, 57]. The high specificity of the nuc gene in S.
aureus detection suggests molecular assaying
targeting this gene is effective. These findings were
similar to other researchers [43-58]. According to
molecular characterization of S. aureus results
showed that S. aureus strains isolated from bovine
skin infection were methicillin resistant carrying the
mecA gene. These findings were compatible with the
findings of other studies showing a high prevalence
of S. aureus in cattle with various abscesses
infections [45, 58].

Agreeing to the literature [15,18,28] numerous
polyphenolic substances were found in B. aegyptiaca
and C. longa ethanol extracts. Using HPLC, gallic
acid, catechins, rutin, coumaric acid and Vanillin are
the phenolic compounds that are detected within
ethanol extracts of studied plants. Vanillin was
missing in B. aegyptiaca while, gallic acid was
absent in C. longa. They are flavonoid glycosides
present in a broad variety of plants with several
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therapeutic properties such as anti-inflammatory,
antioxidant, anti-microbial, anti-allergic, anti-cancer
and so on. They are employed as an active ingredient
for many herbal medications [59,60 ,61,62].

From our previous report, CLP-EE and BAF-EE
were approved for antibacterial activities against a
variety of bacteria including S. aureus, with CLP-EE
surpassed BAF-EE [15], which is compatible with
other research [26, 27]. In the present study, irritation
within the skin of infected mice treated with CLP-EE
began to diminish more quickly than in other groups
as observed in Fig. 4. CLP-EE's superior
antibacterial properties might be due to its content of
Vanillin (4-hydroxy-3-methoxybenzaldehyde)
belonging to a phenolic aldehyde that exhibiting
antibacterial and antioxidant properties. According to
Martelli and Giacomini 2018 [12], several vanillin-
imines are active against E. coli, S. aureus, and P.
aeruginosa.  Besides, it was proved to have
antioxidant, DNA, and cellular protective capabilities
[62]. Vanillin was found to have a synergistic impact
when combined with  several antibacterial
medications such as gentamicin and imipenem
against S. aureus and E. coli strains, but not with
norfloxacin, tetracycline, or erythromycin [63]. Rutin
and its derivatives which show in both extracts are
one of the most prevalent flavonol glycosides, and
have been widely examined to demonstrate its many
bioactivities, including antibacterial characteristics,
which have offered some scientific basis for the
traditional usage to cure infections [64]. It is
considered as one of the strongest herbal antioxidants
in the identified natural class [61].

The data of hemogram revealed that the count of
RBCs, HCT and Hb contents were significantly
elevated after BAF-EE and CLP-EE administration.
This may be due to the richness of extracts with
several phytochemical ingredients including phenolic
acids, quinones, flavonoids, flavones, flavanols,
tannins, coumarins, saponins, tannins, terpenoids,
essential oils, and alkaloids, all of which have a wide
variety of physiological activities, as previously
mentioned [15,18,19,20].

The leukogram of the current study showed that
white blood cells increased significantly after S.
aureus infection as a result of elevated lymphocyte
counts. Chakraborty et al. [65] stated that
lymphocytes were associated in host immune defense
against S. aureus infection in mice by determined
some immune mediators produced by lymphocytes.
Therefore, the increase in lymphocytic count in this
study was explicable. Macrophages that are derived
from circulating monocytes are professional
phagocytes capable of locating and destroying S.
aureus. Macrophage-deficient mice have increased
susceptibility to S. aureus infection [66]. Despite
this, some S. aureus is capable of evading mature
macrophages and preventing their recruitment.
Although monocytes were not necessary as an early
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immune response during S. aureus skin infection,
inflammatory monocytes were recruited to the site of
infection to contribute to the expansion and renewal
of dermal macrophages (M¢@) [67]. This may be
explained by the significant decrease of monocyte
counts after infection. On the other hand,
polymorphonuclear leukocytes (PMN) especially
neutrophils play a critical role in innate immunity
against S. aureus infection. Local infection with S.
aureus can stimulate neutrophil mobilization from
the bone marrow pool and infiltration to the site of
infection by eliciting cytokines such as IL-1 and IL-
17 [68, 69] which explained the increase in
granulocyte counts in the present study. Kim et al.,
[68] showed that there is a close correlation between
changes in the circulating neutrophil count and its
influx to the wound area at the initial 2 days.

Curcumin is a polyphenolic compound of
turmeric that mediated the inhibition of a wide
spectrum of bacterial infections, especially S.
aureus, with different mechanisms [29]. One of these
mechanisms is by targeting some membrane proteins
of S. aureus such as a-hemolysin and peptidoglycan
[68, 69, 70]. It is traditionally known to have anti-
inflammatory and antioxidant properties. In addition,
curcumin has an immunostimulant activity. Li and
Liu [71] showed that a low dose of curcumin (0-50
pmol/l) enhanced the proliferation of murine spleen
lymphocytes and peritoneal macrophage
phagocytosis in vitro. In addition, curcumin
treatment stimulates the proliferation of rat spleen
lymphocytes [72, 73] and increased total white blood
cell count [69, 73, 74]. This is consistent with the
current data, showed that the counts of white blood
cells, lymphocytes and granulocytes increased
significantly at 21 dpi after C. longa treatment.

On the other side, Singla et al. [59] illustrated that
treating emphysematous mice with gallic acid, one of
the detected phenolic chemicals in BAF-EE,
diminishes the inflammatory and oxidative harm.
They affirmed that gallic acid treatment diminishes
IL-6, and TNF-o gene expression levels within the
lung tissue, as well as neutrophil and macrophage
levels in bronchoalveolar lavage fluid.

The data of the present study revealed that RBCs
count, HCT, Hb and all leukogram parameters were
significantly elevated after BAF-EE administration.
This may be due to the richness of extract with
saponins, tannins and anthraquinones which are
precursors of steroidal substances with a wide variety
of physiological activities [19].

Regarding the serum protein profile, the present
study revealed that a significant elevation of total
proteins and globulin levels was observed in S.
aureus infected mice. This is attributed to the
increased level of acute phase proteins, which was
approved to increase during infection and
inflammation. The serum albumin level was not
significantly altered. This could be due to the fact

that albumin is considered a negative acute phase
protein and its level did not change during infection
[75]. From previous reports, CLP-EE and BAF-EE
were approved for antibacterial activities against S.
aureus [15,26,27]. For that reason, serum total
proteins and globulins were expected to decrease
after treatment with CLP-EE and BAF-EE. However,
ciprofloxacin has been widely used for the treatment
of a wide range of bacterial pathogens. The results on
its effect on serum proteins were contradictory.
Ismail [76] revealed that protein contents in the liver
decreased markedly in pregnant rats and their fetuses
after administration of 57 and 114 mg/kg bwt.
Ciprofloxacin.  The author explained that
ciprofloxacin inhibits protein synthesis by interfering
with DNA and RNA replication. On the other hand,
Kaita et al. [77] and Laulund et al. [78] showed that
ciprofloxacin administered at dose 100 mg/kg bwt
had stimulating activity on liver regeneration and
DNA synthesis in rat model with liver failure. This
may be explained by the exponential increase in
serum protein levels after the administration of 200
mg/kg bwt of ciprofloxacin in this study. This
increase in serum total proteins was due to the
increased level of serum total globulins that agree
with the immunomodulatory effect of ciprofloxacin
[79, 80].

In terms of the expression of apoptotic genes in
the present study, showed that S. aureus induced a
significant up-regulation of pro-apoptotic genes
caspase3, Bax, and p53 expression levels, while
significantly decreasing the expression level of the
anti-apoptotic Bcl-2 gene in infected mice's liver
tissue. Treatment of S. aureus infected mice with
CLP-EE and BAF-EE was able to decrease the
expression of pro-apoptoticcaspase3, Bax and P53
gens levels while increasing anti-apoptotic Bcl-2
gene expression as compared to the control group.
Meanwhile, CLP-EE showed better results than
BAF-EE. Several research findings have highlighted
the significance of apoptosis in certain diseases
triggered by S. aureus, such as atopic dermatitis
(AD) and sepsis [81]. In the course of infection, S.
aureus has the capability to induce cell apoptosis
through diverse pathways [39]. The majority of
apoptotic processes in cells caused by S. aureus
result from the action of various secreted toxins.
Among the recognized toxins of S. aureus, a-toxin,
Panton-Valentine leucocidin producing S.
aureus (PVL-SA), and secreted enzymes such as
staphylococcal cysteine protease staphopain B
(SSPB) and coagulase enzyme are identified for
their role in stimulating apoptosis [82,83,84],
although the intricate underlying mechanisms are
acknowledged. Consistent with the results obtained,
a study was performed by [24, 85]. Administration
of BA-EE proved effective antioxidant and anti-
inflammatory activities, therefore preserving cells
from apoptosis in goats experimentally infected
with H. Contortus [23]. This aligns with the
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established understanding that the diverse
phytochemical constituents found in  many
medicinal plants contribute to their antimicrobial
properties [86]. Numerous reports in the literature
highlight the antibacterial activity of crude extracts
derived from plants [28]. In the present study, all of
the detected phenolic compounds have antibacterial,
antioxidant and anti-inflammatory actions that
protect cells from apoptosis as previously stated,
More, coumaric acid is demonstrated to avoid lipid
peroxidation and cell passing in endothelial cells
beneath oxidative stress [87]. Catechin has the
ability to scavenge radicals through electron transfer
mechanisms, and have immune-modulating
potential [60].

Conclusions

The experimental findings suggest that C. longa
and B. aegyptiaca ethanol extracts exhibit potential
antibacterial capabilities linked with better host
immune response and hemogram profile, as well as a
protective impact on apoptosis-related genes.

The results indicate that C. longa rhizome and B.
aegyptiaca can be considered as potential sources of
biologically active compounds. This clearly suggested
that they have the capacity to be selected as an

alternative medicinal plant used in pharmaceuticals,
with CLP-EE outperforming BAF-EE.
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TABLE 1. Oligonucleotide primers sequences for molecular characterization of isolates

Target Gene  Primer Sequence 5 -3 Amplified product (bp) Reference

nuc-F 5 GCGATTGATGGTGATACGGTT 3' 279 bp Brakstad et al. [43]
nuc-R 5 AGCCAAGCCTTGACGAACTAAAGC 3'

16SrRNA-f 5GTAGGTGGCAAGCGTTATCC 3' 228 bp Monday and Bohach [44]
16SrRNA-r 5 CGCACATCAGCGTCAG3!

mecA-F 5 GTGAAGATATACCAAGTGATT 3' 147 bp Zhang et al. [45]
mecA-R 5 ATGCGCTATAGATTGAAAGGAT 3'
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Catechin

Gallic acid

HPLC Balanites aegyptiaca fruit extract

B RT mArea%
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24.4

13.16 13.67
8.17

Rutin Coumaric acid

RT retention time

Fig. 1. Some identified phenolic compounds in B. aegyptiaca fruit ethanol extract using High Performance Liquid

Chromatography (HPLC).
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HPLC Curcuma longa powder extract

B RT ®mArea%

24.4

14.12529 13.16 13.67

8.615 8.17
6.129

1.97

Catechin Rutin Coumaric acid Vanillin

RT retention time

Fig. 2. Some identified phenolic compounds in C. longa powder ethanol extract using High Performance Liquid
Chromatography (HPLC).

[ m[af2]sfmfafs[e[m[7]8]s]

Fig.3. Agarose gel electrophoresis of PCR products amplified from positive samples of S. aures spp. Lanes (M): 100 bp
DNA ladder, Lanes (1-2): showing 147 bp fragments indicative for mecA gene . Lanes (4-5): showing 228 bp
fragments indicative forl6SrRNA gene. Lanes (7-8): showing 279 bp fragments indicative for nuc gene. Lanes
(3-6-9): negative control.
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Fig. 4. Macroscopic observations in the skin and internal organs of mice: (a, b, ¢, d) normal control non-infected mice
and (e, f, g, h)infected mice S/C with 0.1 ml of 2 x10” colony-forming units (CFU) of Staphylococcus aureus.
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Fig. 5. Leukogram of experimental mice:(A) total white blood cell counts (WBC), (B) Granulocytes, (C) lymphocytes,
and (D) monocytes in different groups; normal control, infected with Staphylococcus aureus, infected then
treated with Balanites aegyptiaca fruits ethanol extract (BAF-EE),Curcuma longa powder ethanol extract
(CLP-EE), and Ciprofloxacin as standard drug during experimental periods. (Mean +SE). Means of different
letters in the same parameter are significantly different at P<0.05. (Mean £SE).
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parameter are significantly different at P<0.05. (Mean £SE).
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Fig. 7. Effect of Balanites aegyptiaca fruits ethanol extract (BAF-EE),Curcuma longa powder ethanol extract (CLP-
EE) and Ciprofloxacin (CPF) on expression levels of apoptotic gene markers; (A) Caspase-3, (B) Bax (C) p53
(D) Bcl2 in liver tissue of mice infected with Staphylococcus aureus. The results illustrated are normalized to the
level of GAPDH level and the data are the mean of intensity for each gene divided by that for GAPDH. Means
with different letters in the same parameter are significantly different at P<0.05. (Meanst SE)

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)



HALA A.A. ABOU ZEINA et al.

1860

ET0F FOOF ET o+ LO0F QT 0F Q0 0F oroF 800+ CO0F 8070 61T 0F LOOF {Ip &}
wef Lt e CE xE9FE 08 CE wOF L plOCE L TFE T FE I FE p00°LE 0T FE wEFE JHON
oF o FIOF 800 100+ £TOF 0o FOOF o= FO0F roF LTOF 00 (2d)
046 =L99T =0¢91 291 5££091 wET 91 50£°91 w0791 =0¥ 91 =0T 91 SLO°LT L1791 HOW
30+ 09°0% 0£ 0% 60°0% 350+ 93 0% 100+ STOF OT0F  ITIF LSOF STOR @
08 £ JLFLY A£LF LY wl£CF =0T 9% =E0°9F A8 LY J£LELE L0 EF =LT9F  pl66F =0T L¥ ADN
v s IToF cT0F ET0F LT0F QT F FI0F CT0F LT0F 0T 860+ 90 0F iP5
=L9E] sl EFT sl T EF T =08 LT #E8 T #0FCT #0TET s09°¢T waEEFT BOTI SETET QoS o=y
La0F 6T 0F B0 0e0F 60+ CE0F 9L 0F 8r 0+ 98 0+ 171+ 96 TF LTF (25)
£ 8L pat0 1T =0€ 0F =08 0% =01 6¢ =08 Tk #LTCE LTFF 08°CE paf0'TF  EETE g[LBE OB
80°0F Q00F ros 80°0F LOOF ECOF 80°0F ST 0F LTOF LTOF CO0F ayoF (60T=ls09d
<S03 =198 68 1e35°8 <P T STT6 €6 6 5688 <60 o818
A3-4dD I3-dTD d9-AVH 344D I3-dTD I3-AVH A3-4dD d3-dT> HI-AVE - .
p g7 up 1z Wp 1 el FPE  pommed sIgPmEdE g
: : : [EnLION
PAIEan) U pA2gu] ——

(F5F ueapy) spouad [eymamiLIadxa o) Suninp Snup paepuels se (I 1D) upexogerdr) pue (7 -IvVg) PENI2 [oURI? SN pooidisan sanuoppg ‘(11 -J12)
PENXR [oue)? Rpuod pEue] PN A PIEAL) W) ‘snamp sn2elefdydpls YA PRI9IUl ‘[0.4)U0d [RULIoN 5dnels JUAIIJJIP Wl 201 [ejurmLirdee Jo messenlr] ¢ TT9VL

“TONBUITIIRISD JO JUSIDIJ202 73 “JOIiR DIEDUELS [J§ aseEusBorpAusp aeydsoud -¢-epAysprEmodld HAJVO

‘majond 7-ewogdmA] [[20-g (7-1g wmeload ¥ paienosse-mond 7-ewogdwd] feo-g cxeg mjodd god tged  -g-esedsen) (fsED
OVIOIDLIDIDDIIVIOVIILID A

[cc]l B 1 qEyUEM-PPAY dqgsr 50070 £YLE 8660 DILLOVYIVDLYDOLVILDOVYD A F800LT0 TN HAIVD
LIDLVDIDVOVIVIOLYILOV A

[relEeuEssEy dagty  ZI0°0 £V LS 0960 VOVDDLOVIVDDOIOVDOVLIOD A TE66910 TNN e
JOL2ID1LIVOIORIVOVYYIVI

[£¢] 3= qeueysoqy dagos #1070 CET0T 9660 JVIVDRIDIVOLIODILIVRIVDOY 4 THCOLTO TN xXEq
OVYI0VIVDODLOLLYIDLLO A

[z¢] e omBuoy darér 0100 6001 9T60 DOVWYILIOVIDOVIVYVIVID A £6360€0 AN ced
IOL2IVDDDOVIVIVY OVIVDLIIV A

[1c] eIy dqcoz  L00°0 8716 TL60 I¥2ID000vVDDOVYOLIVYY 4 TTLHLTI0 NN £SED

AZIS (0g) SIS
uwopeayrdme Souarg Jaqumy] Jo (¥N@?)
EERUERENEN Hod 15 Hod o £ 01,5 aouanbas Jammag UOTSS3NIY IWEN] JAWLL]

“pozA[eUE 53033 3] Jo suonIpuod () 4) uondeax urer asenuijod pue sayuanbas semmig v TI9VL

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)



In Vivo INVESTIGATION OF THE ANTI-Staphylococcus aureus IMPACT OF Balanites aegyptiaca ...

1861

References

1.

Algharib, S. A., Dawood A. and Xie S. Nanoparticles
for treatment of bovine Staphylococcus aureus
mastitis. Drug Deliv., 27(1), 292—-308. (2020).

2. Fang, G-Y., Wu, F-H., Mu, X-J., Jiang, Y-J. and Liu X-

Q. Monitoring longitudinal antimicrobial resistance
trends of Staphylococcus aureus strains  worldwide
over the past 100 years to decipher its evolution and
transmission. Journal of Hazardous Materials, 65,
133136. (2024). Doi: 10.1016/j.jhazmat.2023.133136

Fluit, A. C., Livestock-associated Staphylococcus
aureus. Clinical Microbiology and Infection, 8, 735-
744 (2012).

. Serra, R., Grande, R., Butrico, L., Rossi, A., Settimio,

U.F., Caroleo, B., Amato, B., Gallelli L, De Franciscis
S. Chronic wound infections: the role of Pseudomonas
aeruginosa and Staphylococcus aureus. Expert review
of anti-infective therapy, 13(5), 605-13 (2015).

. Linz, M.S., Mattappallil, A., Finkel, D., Parker, D.,

Clinical impact of staphylococcus aureus skin and soft
tissue infections. Antibiotics (Basel) 12(3), 557 (2023)
DOI: 10.3390/antibiotics12030557

. Nippe, N., Varga, G., Holzinger D., Lo’ffler, B.,

Medina, E., Karsten Becker, K., Roth, J., Ehrchen, J.
M. and Sunderko“tter, C. Subcutaneous Infection with
S. aureus in Mice Reveals Association of Resistance
with Influx of Neutrophils and Th2 Response. Journal
of Investigative Dermatology, 131, 125-132. (2011).
DOI:10.1038/jid.2010.282

7. Hakim, A.S., Allam, N. A. T., Syame, S. M., Sedky, D.,

8.

10.

11.

12.

13

Hedia, R. H., and Elshafaie, M. A.Z. Livestock-
associated Staphylococcus aureus pathogenicity with
regards to resistance and virulence genomics and
accessory gene regulator locus proteomics. Asian
Journal of Epidemiology, 10, 89-100 (2017).

Serwecinska, L. Antimicrobials and antibiotic-resistant
bacteria: a risk to the environment and to public
health. Water, 12(12), 3313 (2020).

Kengne, M., Fotsing, O., Ndomgue, T. and
Nwobegahay, J.M. Antibiotic susceptibility patterns
of Staphylococcus aureus strains isolated at the
Yaounde Central Hospital, Cameroon: a retro
prospective study. Pan Afr Med J.,32, 103 (2019).
DOI: 10.11604/pamj.2019.32.103.15743

Taylor, T.A. and Unakal, C.G., Staphylococcus aureus.
Treasure Island, FL: Stat Pearls Publishing, pp: 42
(2022).

Liu, G., Thomsen, L.E, Olsen, J.E. Antimicrobial-
induced horizontal transfer of antimicrobial resistance
genes in bacteria: a mini-review. Journal of
Antimicrobial Chemotherapy. 77(3), 556-67(2022).

Martelli  G., Giacomini D. Antibacterial and
antioxidant activities for natural and synthetic dual-
active compounds. European Journal of Medicinal
Chemistry, 158, 91-105 (2018). DOI:
10.1016/j.ejmech.2018.09.009.

. Abdalhamed, A. M., Zeedan, G. S. G., & Abou Zeina,

H. A. A. Isolation and
causing mastitis in small

identification of bacteria
ruminants and their

14.

15.

16.

17.

18.

19.

20.

21.

22.

susceptibility to antibiotics, honey, essential oils, and
plant extracts. Veterinary world, 11(3), 355 (2018).

Abdalhamed, A.M., Zeedan, G.S.G., Arafa, AA,
Ibrahim, E.S., Sedky, D., and Hafez, A.A.N.
Detection of methicillin-resistant ~Staphylococcus
aureus in clinical and subclinical mastitis in ruminants
and studying the effect of novel green synthetized
nanoparticles as one of the alternative treatments.
Veterinary Medicine International, 2022, 6309984
(2022). DOI: 10.1155/2022/6309984

Sedky, D., Mohamed, A.M., Fouad, R., Khafagi,
M.H.M., Omer, E.A., Elbayoumy, M.K., Effat, M.M.,
Abou-Zeina, H.A.A. Assessment of phytochemical,
antioxidant and antibacterial activity of balanites
aegyptiaca and curcuma longa against SOME
BACTERIAL PATHOGENS ISOLATED FROM
DAIRY COW infected with mastitis. Adv. Anim. Vet.
Sci. 10(2), 160-169 (2022). DOI:
10.17582/journal.aavs/2022/10.1.160.16

Hamada, F.A., El-Banhawy, A., Ellmouni, F.Y., Al-
Juhani, W., Makharita, R.R., Nour, I.H. Comparative
Taxonomic Study of Balanites aegyptiaca (L.) Delile
(Zygophyllaceae). In Biology and Life Sciences
Forum, 10, 11, 1, 72. MDPI. (2021).

Gogoi, M., SM, D.B., Dutta, M. Use of medicinal
plants in traditional health care practices by tribes of
Dhemaji district, Assam, India. International Journal
of Herbal Medicine,7(5), 1-6. (2019).

Jaheed, E., Mohamed, A.H., Hassan, N.M.F., Mahran,
K.M.A.,, Nasr, S.M. and Abou-Zeina, H.A.A.
Evaluation of the curative effect of Balanites
aegyptiaca fruits ethanolic extract on haemonchosis
experimentally induced in Egyptian Baladi goats:
Phytoanalytical, parasitological and hematological
studies. Journal of Parasitic Diseases, 43, 638-650
(2019).

Murthy, H.N., Yadav, G.G., Dewir, Y.H., lbrahim, A.
Phytochemicals and biological activity of desert date
(Balanites aegyptiaca (L.) Delile). Plants (Basel),
10(1), 32 (2021). doi: 10.3390/plants10010032

Henna, J.S., Adamu, A.K., Lortsuan D.N, Olonitola
0.S. Phytochemical screening and antibacterial effect
of the aqueous and methanolic extracts of roots of
Balanites aegyptiaca (Del) on some bacteria species.
Sci. World J., 5(2), 59-62 (2010).

Anani, K., Adjrah, Y., Ameyapoh, Y., Karou, S. D.,
Agbonon, A., Souza, C., Gbeassor M.  Effects  of
hydroethanolic extracts of Balanites aegyptiaca (L.)
Delile (Balanitaceae) on some resistant pathogens
bacteria isolated from wounds. Journal of
Ethnopharmacology, 164, 16-21 (2015).

Jaheed, E., Mohamed, A.H., Nasr, S.M., Mahran, K.,
Mohammed, F.F., Sedky, D. and Abou-Zeina, H.A.,
Therapeutic effect of Balanites aegyptiaca fruit’s
ethanol extract in Egyptian Baladi goats
experimentally infected with Haemonchus Contortus:
Blood serum biochemical, oxidative stress markers
and pathological studies. Egyptian  Journal of
Veterinary Sciences, 51 51, 119-136 (2020).

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)


https://doi.org/10.1016/j.jhazmat.2023.133136
https://www.sciencedirect.com/science/article/pii/S0223523418307815
https://www.sciencedirect.com/science/article/pii/S0223523418307815
https://www.sciencedirect.com/science/article/pii/S0223523418307815
https://www.sciencedirect.com/journal/european-journal-of-medicinal-chemistry
https://www.sciencedirect.com/journal/european-journal-of-medicinal-chemistry
https://doi.org/10.3390/plants10010032
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology
https://www.sciencedirect.com/journal/journal-of-ethnopharmacology/vol/164/suppl/C

1862

HALA A.A. ABOU ZEINA et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sedky, D., Abd El-Aziz, T. H., Nasr, S. M., Abdel-
Aziem, S. H., Hassan, N. M. F., Amira Hassan
Mohamed A.H., Abou Zeina H. A. A., Regulatory
effect of Balanites aegyptiaca ethanol extract on
oxidant/ antioxidant status, inflammatory cytokines,
and cell apoptosis gene expression in goat abomasum
experimentally infected with Haemonchus Contortus.
Tropical Animal Health and Production 56, 195.
(2024) DOI: 10.1007/s11250-024-04023-w

Fuloria, S., Mehta, J., Chandel, A., Sekar, M., Rani,
N.N., Begum, M.Y.,  Subramaniyan, V.,
Chidambaram, K., Thangavelu, L., Nordin, R., Wu,
Y.S. A comprehensive review on the therapeutic
potential of Curcuma longa Linn. in relation to its
major active constituent curcumin. Frontiers in
Pharmacology. 13, 820806 (2022).

Marton, L. T., Barbalho, S. M., Sloan, K. P., Sloan, L.

A., Goulart, R. A, Aradjo A. C., Bechara
M.D. Curcumin, autoimmune and inflammatory
diseases: going beyond conventional therapy a

systematic review. Crit. Rev. Food Sci. Nutr. 62 (8),
2140-2157 (2022). DOI:
10.1080/10408398.2020.1850417

Hussain, Y., Alam, W., Ullah, H., Dacrema, M.,
Daglia, M., Khan, H. and Arciola, C.R. Antimicrobial
Potential of Curcumin: Therapeutic Potential and
Challenges to Clinical Applications. Antibiotics
(Basel), 11(3), 322. (2022)
DOI: 10.3390/antibiotics11030322.

Anbari, H., Maghsoudi, A., Hosseinpour, M., Yazdian,
F. Acceleration of antibacterial activity of curcumin
loaded biopolymers against methicillin-
resistant Staphylococcus aureus Synthesis,
optimization, and evaluation. Eng Life Sci., 22(2), 58-
69 (2021). DOI: 10.1002/elsc.202100050.

Abdel-Shafy S., Alanazi A.D., Gabr H.S.M., Ahmad
M. Allam A.M., Abou-Zeina, H.A.A., Masoud R.A.,
Soliman D.E. and Alshahrani M.Y. Efficacy and
safety of ethanolic Curcuma longa extract as a
treatment for sand tampan ticks in a rabbit model.
Veterinary ~ World , 13, 812-820  (2020).
DOI: 10.14202/vetworld.2020.812-820

Teow, S.-Y., Liew, K., Ali, S.A., Soo-Beng Khoo, A.
and Peh, S.-C. Antibacterial Action of Curcumin
against Staphylococcus aureus. Journal of Tropical
Medicine (2016)
http://dx.doi.org/10.1155/2016/2853045

Arvinte., O. and Amariei S. Study on the content of
polyphenols in some plants from the spontaneous
flora from the mountainous area of Suceava County.
Food and Environment Safety - Journal of Faculty of
Food Engineering, Stefan cel Mare University of
Suceava, Romania XXII (2), 146-165 (2023).

Kumar., N. and Goel, N. Phenolic acids: Natural 31.
versatile molecules with promising therapeutic
applications. Biotechnol Rep (Amst) 24, pe00370.
(2019). DOI: 10.4316/fens.2023.014

Xu, D-P., Li, Y., Meng, X., Zhou, T., Zhou, Y., Zheng,

J., Zhang, J-J. and Li, H-B. Natural antioxidants in
foods and medicinal plants: Extraction, assessment
and resources. International Journal of
Molecular Sciences, 18, 96 (2017).

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)

33.

34.

35.

36.

37.

38

39.

40.

41.

42.

43.

44,

Yahfoufi, N., Alsadi, N., Jambi M. and Matar, C., The
immunomodulatory and anti-inflammatory role of
polyphenols (Review). Nutrients, 10, 1618. (2018)

Alotaibi, B.S, ljaz, M., Buabeid, M., Kharaba, Z.J.,
Yaseen, H.S., Murtaza, G. Therapeutic Effects and
Safe Uses of Plant-Derived Polyphenolic Compounds
in Cardiovascular Diseases: A Review. Drug Des
Devel Ther. 15, 4713-4732 (2021). DOI:
10.2147/DDDT.S327238.

Pradhan, B., Bhuyan, P.P., Patra, S., Rabindra Nayak,
R., Behera, P. K., Behera, C., Behera, A.
K., Ki, J., Jena, M., Beneficial effects of seaweeds
and seaweed-derived bioactive compounds: Current
evidence and future prospective ,Biocatalysis and
Agricultural Biotechnology, 39, (2022). 102242 DOI:
10.1016/j.bcab.2021.102242

Oruganti L, and Meriga B. Plant Polyphenolic
Compounds Potentiates Therapeutic Efficiency of
Anticancer Chemotherapeutic Drugs: A Review.
Endocr Metab Immune Disord DrugTargets. 21(2),
246-252. (2021)
DOI:10.2174/1871530320666200807115647.

Quarleri, J., Cevallos, C., Delpino, M.V. Apoptosis in
infectious diseases as a mechanism of immune
evasion and survival. Advances in Protein Chemistry
and Structural Biology. 125, 1-24 (2021).

. Orning, P., Lien, E.. Multiple roles of caspase-8 in cell

death, inflammation, and innate immunity. Journal of
Leucocyte Biology, 109(1), 121-141 (2021).

Zhang, X.; Hu, X. and Rao, X. Apoptosis induced by
Staphylococcus aureus toxins. Microbiological
Research 205, 19-24 (2017) DOL:
10.1016/j.micres.2017.08.006

Abdel-Aziem, S.H., Hassan, A.H., El-Denshary, E.S.,
Hamzawy, M.A., Mannaa, F.A., Abdel-Wahhab,
M.A. Ameliorative effects of thyme and calendula
extracts alone or in combination against aflatoxins-
induced oxidative stress and genotoxicity in rat liver.
Cytotechnol, 66 (3), 457-47 (2014)

Sabir, S.M., Zeb, A., Mahmood, M., Abbas, S.R.,
Ahmad, Z. and Igbal, N. Phytochemical analysis and
biological activities of ethanolic extract of Curcuma
longa rhizome Braz. J. Biol., (2021). 81, (3) pp.737-
740. DOI: 10.1590/1519-6984.230628

WHO. Manual for the Laboratory identification and
antimicrobial susceptibility testing of bacterial
pathogens of public health importance in the
developing world. pp. 103-162 (2003)

Brakstad, O.G, Aashakk ,K., Maeland, J.A. Detection
of Staphylococcus aureus by polymerase chain
reaction amplification of the nuc gene. J Clin
Microbiol.,  30(7), 1654-60 (1992). DOI:
10.1128/jcm.30.7.1654-1660.1992.

Monday, S.R., Bohach, G.A. Use of multiplex PCR to
detect classical and newly described pyrogenic toxin
genes in staphylococcal isolates. J Clin Microbiol.
37(10), 3411-3414 (1991). DOl:
10.1128/JCM.37.10.3411-3414.1999.


https://pubmed.ncbi.nlm.nih.gov/?term=Alam%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Dacrema%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Daglia%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Khan%20H%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944843/
https://doi.org/10.3390%2Fantibiotics11030322
https://www.researchgate.net/journal/Veterinary-World-2231-0916?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.14202/vetworld.2020.812-820
http://dx.doi.org/10.1155/2016/2853045
https://doi.org/10.4316/fens.2023.014
https://www.researchgate.net/journal/Biocatalysis-and-Agricultural-Biotechnology-1878-8181?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Biocatalysis-and-Agricultural-Biotechnology-1878-8181?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.sciencedirect.com/journal/biocatalysis-and-agricultural-biotechnology/vol/39/suppl/C
https://doi.org/10.1016/j.bcab.2021.102242
https://doi.org/10.1016/j.bcab.2021.102242
http://dx.doi.org/10.1016/j.micres.2017.08.006
http://dx.doi.org/10.1016/j.micres.2017.08.006
https://doi.org/10.1590/1519-6984.230628

In Vivo INVESTIGATION OF THE ANTI-Staphylococcus aureus IMPACT OF Balanites aegyptiaca ...

1863

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Zhang, K., McClure, J.A., Elsayed, S., Louie, T,
Conly, J.M. Novel multiplex PCR assay for
characterization and concomitant subtyping of
staphylococcal cassette chromosome mec types | to V
in methicillin-resistant Staphylococcus aureus. J Clin

Microbiol.  43(10), 5026-5033  (2005). DOI:
10.1128/JCM.43.10.5026-5033.2005.

NRC (Nutritional research council). Nutrient
Requirements of Laboratory Animals. Nutrient

Requirements of the rat. Fourth Revised ed. National
Academy Press, Washington, D.C., 11-79 (1995).

Kim, H.K., Missiakas, D. and Schneewind, O. Mouse
models for infectious diseases caused
by Staphylococcus aureus. Journal of Immunological
Methods, 410, 88-99(2014). DOl:
10.1016/j.jim.2014.04.007

Zaky, A.S., Kandeil, M., Abdel-Gabbar, M., Fahmy,
E.M., Almehmadi, M.M., Ali, T.M., Ahmed, O.M.
The Antidiabetic Effects and Modes of Action of the
Balanites aegyptiaca Fruit and Seed Aqueous Extracts
in NA/STZ-Induced Diabetic Rats. Pharmaceutics,
14, 263. (2022) DOl 10.3390/
pharmaceutics14020263

Lee, H.-Y., Kim,S.-W., Lee, G.-H., Choi, M.-K_,
Chung, H.-W., Lee, Y.-C., Kim, H.-R., Kwon, Chae
H-J.  Curcumin and Curcuma longal. extract
ameliorate lipid accumulation through the regulation
of the endoplasmic reticulum redox and ER stress. Sci
Rep 7, 6513 (2017). DOI: 10.1038/s41598-017-06872-

y

Souza, A.C., Souza, D.R., Sanabani, S.S., Giorgi, R.R.,
Bendit, I.. The performance of semi-quantitative
differential PCR is similar to that of real-time PCR for
the detection of the MYCN gene in neuroblastomas.
Brazilian Journal of Medical and Biological
Research., 42, 791-795 (2009).

Liu, W., Wang, G., Yakovlev, A.G. Identification and
functional analysis of the rat caspase-3 gene promoter.
J Biol Chem 277(10), 8273-8278 (2002).

Yonguc, G.N, Dodurga, Y., Kurtulus, A., Boz, B.,
Acar, K. Caspase 1, Caspase 3, TNF-alpha, p53, and
Hifl-alpha geneexpression status of the brain tissues
and hippocampal neuron loss in short-term dichlorvos
exposed rats. Mol Biol Rep., 39(12), 10355-10360
(2012).

Aboshanab, M.H, El-Nabarawi, M.A., Teaima, M.H.,
El-Nekeety, A.A., Abdel-Aziem, S.H., Hassan, N.S.,
Abdel-Wahhab, M.A. Fabrication, characterization
and biological evaluation of silymarin nanoparticles
against carbon tetrachloride-induced oxidative stress
and genotoxicity in rats. Int J Pharm., 587, 119639
(2020). DOI: 10. 1016/j. ijpha rm. 2020. 119639

Hassan, M.A., El-Nekeety, A.A., Abdel-Aziem, S.H.,
Hassan, N.S., Abdel-Wahhab, M.A. Zinc citrate
incorporation with wheyprotein nanoparticles alleviate
the oxidative stress complication and modulate gene
expression in the liver of rats. Food Chem Toxicol ,
125, 439-445 (2019).

Abdel-Wahhab, M.A, El-Nekeety. A.A., Hathout,
AS., Salman, A.S., Abdel-Aziem, S.H., Sabry, B.A.,
Hassan, N.S., Abdel-Aziz, M.S., Aly, .S. E., Jaswir, I.,

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Bioactive compounds from Aspergillus niger extract
enhance the antioxidant activity and prevent
thegenotoxicity in aflatoxin Bl-treated rats. Toxicon.,
181, 57-68 (2020).

Raben, N., Nichols, R.C., Martiniuk, F., and Plotz,
P.H. A model of mRNA splicing in adult lysosomal
storage disease Glycogenosis type Il. Hum. Mol.
Genet. 5, 995-1001(1996).

Lucia, M., Rahayu, S., Haerah, D. and Wahyuni, D.
Detection of Staphylococcus aureus and Streptococcus
agalactiae: subclinical mastitis causes in dairy cow
and dairy buffalo (Bubalus bubalis). Am. J. Biomed.
Res. 5(1), 8-13(2017).

Ibraheim, H.K., Fayez, R.A., Jasim, A.S., Gharban,
H.A.J. Role of nuc gene in Staphylococcus aureus to
phagocytic activity in different cattle infections. Open
Vet J., 13(8), 1021-1026. (2023). DOI:
10.5455/0VJ.2023.v13.i8.8.

Singla E., Dharwal V., Naura A. S.. Gallic acid
protects against the COPD-linked lung inflammation
and emphysema in mice. Inflamm Res., 69(4), 423-434
(2020). DOI: 10.1007/s00011-020-01333-1.

Devi, S., Chapter 23— Catechins A Centum of
Valuable Plant Bioactives, Version of Record 3
September : 525-544 (2021)

Patel, K., Patel, D. K., The Beneficial Role of Rutin,
A Naturally Occurring Flavonoid in Health Promotion
and Disease Prevention: A Systematic Review and
Update In Bioactive Food as Dietary Interventions for
Arthritis and Related Inflammatory Diseases (Second
Edition), (2019).

Scipioni, M., Kay, G., Megson, 1., Lin, P. K. T., Novel
vanillin derivatives: Synthesis, anti-oxidant, DNA and
cellular protection properties. Eur J Med Chem.; 143,
745-754. (2018) DOI: 10.1016/j.ejmech.2017.11.072.

Raju, S.K., Sundhararajan, N., Sekar, P., Nagalingam,
Y. Therapeutic aspects of biologically potent vanillin
derivatives: A critical review Journal of Drug
Delivery and Therapeutics 13(7), 177-189 (2023).
DOI: 10.22270/jddt.v13i7.6159.

Al-Majmaie, S., Nahar, L., Sharples, G.P., Wadi, K.
and Sarker, S.D. Isolation and Antimicrobial Activity
of Rutin and Its Derivatives from Ruta chalepensis
(Rutaceae) Growing. Irag. Rec. Nat. Prod., 13(1), 64-
70 (2019). DOI: 10.25135/rnp.74.18.03.250 (2019).

Chakraborty, S.P.; KarMahapatra, S.; Sahu, S.K.; Das,
S.; Tripathy, S.; Dash, S. Pramanik, P. and Roy, S.
Internalization  of  Staphylococcus aureus in
lymphocytes induces oxidative stress and DNA
fragmentation:  possible  ameliorative role of
nanoconjugated vancomycin. Oxidative Medicine and
Cellular Longevity, 2011,1-15. (2011). DOI:
10.1155/2011/942123

Pidwill, G.R., Gibson, J.F., Cole, J., Renshaw, S.A.,
and. Foster,S.J. The role of macrophages
in Staphylococcus aureus infection. Frontier
Immunology, 11, 620339 (2020).
DOI:10.3389/fimmu.2020.620339.

Feuerstein, R., Seidl, M., Prinz, M. and Henneke, P.
MyD88 in macrophages is critical for abscess

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)


https://www.sciencedirect.com/journal/journal-of-immunological-methods
https://www.sciencedirect.com/journal/journal-of-immunological-methods
https://www.sciencedirect.com/journal/journal-of-immunological-methods/vol/410/suppl/C
https://doi.org/10.1016/j.jim.2014.04.007
https://doi.org/10.1016/j.jim.2014.04.007
https://doi.org/10.1038/s41598-017-06872-y
https://doi.org/10.1038/s41598-017-06872-y
https://pubmed.ncbi.nlm.nih.gov/?term=Singla+E&cauthor_id=32144443
https://pubmed.ncbi.nlm.nih.gov/?term=Dharwal+V&cauthor_id=32144443
https://pubmed.ncbi.nlm.nih.gov/?term=Naura+AS&cauthor_id=32144443
https://www.sciencedirect.com/book/9780128229231/a-centum-of-valuable-plant-bioactives
https://www.sciencedirect.com/book/9780128229231/a-centum-of-valuable-plant-bioactives
https://www.sciencedirect.com/science/article/pii/B978012813820500026X
https://www.sciencedirect.com/science/article/pii/B978012813820500026X
https://www.sciencedirect.com/science/article/pii/B978012813820500026X
https://www.sciencedirect.com/science/article/pii/B978012813820500026X
https://www.sciencedirect.com/book/9780128138205/bioactive-food-as-dietary-interventions-for-arthritis-and-related-inflammatory-diseases
https://www.sciencedirect.com/book/9780128138205/bioactive-food-as-dietary-interventions-for-arthritis-and-related-inflammatory-diseases
https://www.sciencedirect.com/book/9780128138205/bioactive-food-as-dietary-interventions-for-arthritis-and-related-inflammatory-diseases
https://doi.org/10.1016/j.ejmech.2017.11.072
https://www.researchgate.net/journal/Journal-of-Drug-Delivery-and-Therapeutics-2250-1177?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Drug-Delivery-and-Therapeutics-2250-1177?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.22270/jddt.v13i7.6159
http://doi.org/10.25135/rnp.74.18.03.250
https://doi.org/10.1155/2011/942123
https://doi.org/10.1155/2011/942123
https://dx.doi.org/10.3389%2Ffimmu.2020.620339

1864

HALA A.A. ABOU ZEINA et al.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

resolution in staphylococcal skin infection. Journal of
Immunology, 194, 2735-2745 (2015).

Kim, M.H., Liu, W., Borjesson, D.L., Curry, F.R,,
Miller, L.S., Cheung, A.L., Liu, F.T., Isseroff, R.R.
and Simon., S.I. Dynamics of neutrophil infiltration
during cutaneous wound healing and infection using

fluorescence imaging. J. Invest. Dermatol., 128,
1812-1820 (2008).
Miller, LS. and Cho, J.S. Immunity against

Staphylococcus  aureus  cutaneous infections.

Immunology, 11, 505-518 (2011).

Singh, V. and Phukan, U.J. Interaction of host and
Staphylococcus aureus protease-system regulates
virulence and pathogenicity. Medical Microbiology
and Immunology. 208, 585-607(2019).

Li, X. and Liu, X. Effect of curcumin on immune
function of mice. J. Huazhong Univ. Sci. Technol.
Med. Sci., 25(2), 137-140 (2005).

Kuramoto, Y., Yamada, K., Tsuruta, O., and Sugano,
M. Effect of natural food colorings on
immunoglobulin production in vitro by rat spleen
lymphocytes. Biosci. Biotechnol. Biochem., 60 (10),
1712-1713 (1996).

Kumolosasi, E., Ibrahim, S.N.A., Shukri, S.M.A. and
Ahmad, W. Immunostimulant activity of standardised
extracts of Mangifera indica leaf and Curcuma
domestica rhizome in mice. Tropical Journal of
Pharmaceutical Research, 17(1), 77-84. (2018).

Rahimi, K., Ahmadi, A., Hassanzadeh, K., Soleimani,
Z., Sathyapalan, T., Mohammadi, A., Sahebkar, A.
Targeting the balance of T helper cell responses by
curcumin in inflammatory and autoimmune states.
Autoimmunity reviews, 18(7), 738-48 (2019).

Gruys, E., Toussaint, M.J.M., Niewold, T.A.,
Koopmans, S.J. Acute phase reaction and acute phase
proteins. Journal of Zhejiang University-Science B
11, 1045-1056. (2005).

Ismail N.H. Assessment of histopathological and
histochemical changes in liver of pregnant female rats
and  their  fetuses  following  ciprofloxacin
administration. J. Egypt. Soc. Toxicol. 35, 7-17
(2005).

Kaita, K.D., Assy, N., Gauthier, T., Zhang, M,
Meyers, A.F. and Minuk, G.Y. The beneficial effects
of ciprofloxacin on survival and hepatic regenerative
activity in a rat model of fulminant hepatic
failure. Hepatology, 27(2), 533-536 (1998).

Laulund, A.S., Trgstrup, H., Lerche, C.J., Thomsen,
K., Christophersen, L., Calum, H., Haiby, N, Moser,

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)

79.

80

81.

82.

83.

84.

85.

86.

87.

C. Synergistic effect of immunomodulatory
S100A8/A9 and ciprofloxacin against Pseudomonas
aeruginosa biofilm in a murine chronic wound model.
Pathogens and Disease. 78(5), ftz027 (2020).

Dalhoff, A. Immunomodulatory activities of
fluoroquinolones. Infection, 33 (Suppl. 2), 55-70.
(2005). DOI: 10.1007/s15010-005-8209-8.

. Zhou, F., Sun, S., Cui, C,, Li, X., Wu, S., Ma, J., Chen,
S. and Li, C.M.,, Zinc ions and ciprofloxacin-
encapsulated chitosan/poly (e-caprolactone)
composite nanofibers promote wound healing via
enhanced antibacterial and
immunomodulatory. International Journal of
Biological Macromolecules, 253, 127086 (2023).

Xu, S.X. and McCormick, J.K. Staphylococcal
superantigens in colonization
and disease. Front. Cell. Infect. Microbiol., 2, 52
(2012). DOI: 10.3389/fcimb.2012.00052

Triplett, K. D.; Pokhrel, S.; Castleman, M. J., Daly, S.
M., Elmore, B. O., Joyner, J. A, Hall, P. R. GPER
activation protects against epithelial barrier disruption
by  Staphylococcus  aureus  a-toxin. Scientific
Reports, 9(1), 1343 (2019).

Prista-Ledo, B., Abreu, 1., Duro., R., Silva-Pinto, A.,
Ceia, F., Andrade, P., Sobrinho-Simdes J, Tavares,
M., Pereira, J.M., Santos, L, Sarmento, A. Panton-
Valentine Leukocidin-Producing Staphylococcus
aureus Infection: A Case Series. Infect Dis Rep. Nov
3;12 (3):61-69. (2020). doi: 10.3390/idr12030014.

Tam, K., Torres, VV.J. Staphylococcus aureus Secreted
Toxins and Extracellular Enzymes. Microbiology
Spectrum, 7(2) (2019). DOL:
10.1128/microbiolspec.GPP3-0039-2018.

Lawhavinit, O. A., Kongkathip, N., and Kongkathip,
B., Antimicrobial activity of curcuminoids from
Curcuma longa L. on pathogenic bacteria of shrimp
and chicken. Agriculture and Natural
Resources, 44(3), 364-371 (2010).

Rajagopal, K., Varakumar, P., Baliwada, A., Byran G.
Activity of phytochemical constituents of Curcuma
longa (turmeric) and Andrographis paniculata against
coronavirus (COVID-19): An in silico
approach. Futur J Pharm Sci, 6(1), 104 (2020) DOI:
10.1186/543094-020-00126-x

Kaur, J, and Kaur, R, 2022. p-Coumaric Acid: A
naturally — occurring chemical with  potential
therapeutic  applications. Curr. Org. Chem,,
26(14), 1333-1349 (2022).

DOI: 10.2174/1385272826666221012145959


http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=StaceyXu&UID=41278
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=JohnMcCormick&UID=41272
https://doi.org/10.3389/fcimb.2012.00052
https://doi.org/10.1186/s43094-020-00126-x
https://doi.org/10.1186/s43094-020-00126-x
https://www.ingentaconnect.com/search;jsessionid=1337hoc4u9umr.x-ic-live-01?option2=author&value2=Kaur,+Ramandeep
https://www.ingentaconnect.com/content/ben/coc;jsessionid=1337hoc4u9umr.x-ic-live-01
https://doi.org/10.2174/1385272826666221012145959

In Vivo INVESTIGATION OF THE ANTI-Staphylococcus aureus IMPACT OF Balanites aegyptiaca ... 1865

aS Sl g 5 jaall ald A gl aliioad Al 459 gliad) ) ) gall Slaall 5N A )
Qb.‘\ﬁ\gé&a-d\Q@Jﬁjeﬁ\SJMJQM@M\QJAﬂgJ#\M\‘A&LAJL:JU
¢'daaa daaa Al ¢ Brapled O el ae ala O iu) dren S dran ¢ Al gl daal 4 e A
' el daaa Ma o AUR gaaa JUa Calial) de cplua Al Cyaal) ae Ldhae e

Aaall seae i) sean 68l cisaall o sl S el ) saall il sal 5 cilillal) and !

Agoal) eaedy ) sean bl egall o sl S all Al gl g and

oailal)
C.A}A\Q}Au‘é_\:\;“ ‘).ua:d\‘_,,_‘s:é)ﬁ\};\)&aﬂ@ﬂd}hﬂ”U_:LA;LAAU_\\‘):\SUAJMQ_“\M\JA”EM g_mg_'i
o5y Al A il Sl U5 Gusad Alaaall ol il 3 adl Jemay (sl s ol 55 5mmy LSRN
G ol 5l i e e Al el Cpealiivnd) IS 8 3 i) LS all e gill a8l HPLC Slea alasia)
Se v P\ASLAL.\ ?@de.\:d‘\:fu\jij ‘o L)AAJJSA:\LJAMJ(\DZJM\):ULAAJL%W&JJW?S
Yo Ol B3 a3 (5 sl day il gl Gy LS e las Aae e e CFU Y Ve Y e
day i sl e ol © 8l Ga gy/pmall ()5 (0 paS/ana Yo sana Vv sana Yoo e jag oopuluS gl 5
o e 3R A5 YA YY) 5185 Vo ¥ ALY By A Sl AnleilV) colelill anlul £ saal Uy pu ol il aaes
o Sls iy Al 5 ) e pandl Glldg A el Gl B (e 58 JS A gane JS e ()8 A e aS
& Gl il @ elal QRT-PCR adas 52 281 LBIA (8 e paall GBAT g cilial Jiaall panil) (a5 Juaadl)
dsm‘)&y\(:ﬂ\ﬁjjmdjﬁ.um&‘)\ﬂjcu@ﬁéﬁ%ﬁﬁf@Jigﬁémi@cdw\
Loa ol LS ¢ paliiiundl) SIS Aadlaall o) 3 & a3 pall LS oLl sliand) aal) iy S dae a ) Laiyy s lal)
Okl O il Canim gl By a5l g yundly Aallaall ) il & S g gladl 5 (g ) il gise A 825
«(p53 ¢ Bax ¢« Caspase-3) gl LAl < sl dpall cilisall all el Q&5 ) 50 Gaaliiond) e IS
o oSS Laliiie (b5 milinll < yelal 8y (Bel-2 WAL za sl <pall slimall Guall e uedl) 2 Laiy
215y sem e g e puall LAY gy Adai pall iligal e 08 51 Lan 805 (e eacai) LeS oy 5l 53licas

e.\ﬂ uAgS“ 3 ) pa 6C.A)4Aj\ LAY & ga ‘?S)SM el aall C_\.\ A il A gl il Sl ;3.1\.\51 Clalsl

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)



