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Abstract

125 samples were collected from different clinical sources including (burns, wounds, ear, suppurations and boils, urine) from Ramadi
Teaching Hospital and Women’s and Children’s Hospital in Ramadi for the period from (11-2021 to 1-2022). 50 isolates of Staphylococcus
aureus were found, of which 26 were MRSA isolates, with an isolate rate of (52%). The ethanolic extract of the fruits of the Tribulus terrestris
Lplant was prepared and its effectiveness against the isolates was tested by diffusion around the pits. The ethanolic extract had anti-MRSA
activity by8 5%. The general average diameter of the inhibition for isolates was 18.038 mm, and the general average for MIC was 14.76
mg/ml. The results of GC-MS showed that the extract contained 49 effective chemical compounds, the most important of which are phytol,
pyrrole, saturated and unsaturated fatty acids, alkaloids, saponins, tannins and phenols. The gene expression results showed that the MRSA
bacteria treated with sub-MIC for the plant extract reduced the gene expression of PVL genes (lukS-pv and lukF-pv ) to 0.506,0.716
respectively compared to the gene expression (1) of the control group (untreated bacteria). It was found that the ethanolic extract of the plant
is able to degrade red blood cells at a concentration of 750 mg/ml.
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INTRODUCTION PVL toxin is prevalent in Staphylococcus aureus in general

by 5%, and it is the gene that produces a series of chemicals
The bacteria Staphylococcus aureus was discovered in the  that make the MRSA bacteria have the ability to resist, invade
year 1880 in Aberdeen - Scotland by the surgeon Auguston, and cause diseases in children and young adults (David and
by isolating this bacteria from pus, then the scientist Daum,2010). PVL-cell toxin encodes for two exoprotein
Frederick Jules came to name this bacteria later (Frank et subunits(lukS-pv and IukF-pv) (D.C.Melles et al.,2006).
al.,2004). Staphylococcus aureus includes the genus They have a role in the breakdown of white blood cells and

methicillin-resistant Staphylococcus aureus (MRSA), which myeloid cells (Graves et al.,2010).

is found naturally in both the community and healthcare
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Tribulus terrestris L It germinates in April and blooms and
remains green throughout the summer and then dries up and
dies (Suresh et al.,2016). It spreads naturally in the Iraqi
forests of Mosul, Habbaniyah, Al-Rutbah, Sulaymaniyah and
the Najaf desert (Qasem,2014). Tribulus terrestrisL is used
as a diuretic, antioxidant, weight reducer and stroke
treatment(Jiang YH et al.,2017) It is used as an antibacterial
(Chhatre et al.,2014)

The plant contains many effective compounds, including
steroidal saponins, alkaloids, and flavonoids (Semerdijieva
and Zheljazkov,2019)It is also extremely rich in unsaturated
fats, acids, vitamins, and tannins (Khazaei et al.,2018).The
aim of our study was to stud the gene expression of PVL
(lukS-pv and lukF-pv) genes in methicillin-resistant
Staphylococcus aureus (MRSA) upon the effect of Tribulus
terrestris L extract.

Classification of the Tribulus terrestris L
Class: Dicolyledons

Sub class:Polypetatae

Series: Thalamiflorae

Order:Geraniales
Family:Zygophyllaceae

Genus:Tribulus

Species:terrestris

(Jagadeesan et al.,2005)

MaTERIALS AND METHODS

Collection and identification of isolates

125 samples were collected from different clinical sources
including (burns, wounds, ear, suppurations and boils, urine)
from patients of Ramadi Teaching Hospital and Women and
Children Hospital in Ramadi city for the period from month
(11-2021 to 1-2022). Then they were cultured on blood agar,
McConkey agar and mannitol salt agar, and incubated at 37C
for 24 hours, and upon growth, the samples were kept at 4
Cdegree until use, then biochemical and molecular tests were
performed on them

Preparation of the ethanolic extract of the fruits of
the Tribulus terrestris L plant

The fruits were collected, washed well, and then left to dry at
room temperature, and after confirming their air dryness,
they were ground into a fine powder by an electric mill. The
ethanolic extract of the fruits of the Tribulus terrestris L plant
was prepared according to the method (Mohammed et
al.,2010). Powder 50 g of the plant was prepared in 500 ml
of 80% ethanol alcohol in a soxhlet machine for 6consecutive
hours at a temperature of 75-80. Temperature 37 and after
drying the extract was raised and then kept in glass tubes in
the refrigerator until use, Figure (1),(2)

T——
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Figure 2 : Tribulus terrestrisT plant extract in Soxhlet
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Identification of chemical compounds in the extract of
Tribulus terrestris L fruit using GC —MS technique:By means
of a gas chromatograph connected to a mass
spectrometerGC-MSQP2010Ultra(Shimadzu Japan), The
active chemical compounds of the plant were identified.

Anti-bacterial activity test of extract of Tribulus terrestris L
fruit:The method was relied on (Valgas et al.,2007 ), which

is the method of spreading around the pits, pits are formed on
the center of Muller-hanton agar, and then the bacterial
suspension is spread, and the dishes are left for Sminutes to
absorb the suspension, The extract was placed inside the pits,
and the dishes were incubated for 24 hours at a temperature
of 37, after which the diameter of the damping area (mm)
around the pits of the extract was calculated.Figure (3)

Determine the minimum inhibitory concentration (MIC ) of
the extract:Depending on (Arendrup et al.,2017 ) determine
the minimum inhibitory concentration of Tribulus terrestris
L fruit extract against all isolates of methicillin-resistant
Staphylococcus aureus(MRSA).

Cytotoxicity test of ethanolic extract of Tribulus
terrestris L fruit

The toxicological activity was determined based on the
method (Xin-guo and Ursella,1994 ) by making
concentrations of the extract (125,250,500,750 ) mg / ml, 0.8
ml of each concentration was taken and placed in a sterile test
tube, and 0.2 ml human red blood cell was added, so that the
final volume was 1 ml. The tubes were kept in the incubator
for half an hour at 37°C, then centrifuged for 5 minutes, after
which the hemolysis was compared with a test tube
containing only blood (controll).

Gene Expression
A- RNA extraction: According to the manufacturer's

.‘.'.’- (o

Figure 3: Inhibitory activity of plant extract against bacterial isolates

instructions (Bioneer), the RNA was extracted, and then the
acid concentrations were measured using a Quantus
Fluorometer device.

B-Real-Time PCR(one-step qRT- PCR)

Replication steps were carried out to investigate the amount
of gene expression of titration gene 16 and PVL genes (lukS-
pv and lukF-pv ) of untreated bacterial isolates treated with
plant extract at the concentration under the minimum
inhibitor Sub-MIC. Through the use of the special primers
for each gene

(CGATTCCAGCTTCATGT/TGTCGTGAGATGTTGGG,
TTCAGGGTTTTCAACAGTAGCA/ACACAATTGCCAG
CGGTAAAA,GTTTTCGCCAGACCAATAGCC/
GCCTGTAACTGTGTCTGAAGG), The reaction
components were prepared by mixing 10 pl of master Mix
,5ul ofcDNA, 1 ul of Forward Primer, 1 pl Reverse Primer and
3 ul Free Nuclease The final volume is 20 pl. Through the
use of a kit supplied by Luna gPCR Biolabs (England)Kit
company, Rely on the system of cycles of the interaction of
the qRT- PCR table (1).
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Table 1: Interaction cycle system gRT —PCR

Step Temperature Time Cycle
primary Denaturation 95C° 10 min 1
Denaturation C°95 Secl10

Annealing 60C° Sec30 39
Extension 93C° 5 Sec

End extension 95 C’ 20 Sec 1

C- Quantification of gene expression (Ct ) using the Livack
equation

According to the following equation, gene expression is
measured:

ACt (Treated sample) = CtGen — Ct H.K
ACt (Control) = CtGen — Ct H.K

AACt = ACt (treat.) - ACt (con.)

Folding = 2-AACt

Statistical analysis

After collecting and tabulating the data related to the current
study, they were statistically analyzed according to the
Simple Experimental system applied using the Complete
Randomized Design (CRD), and using the statistical program
GenStat - Tenth Edition Version -10.3.0.0, and the
significant differences of the averages were tested using a
lower test. Significant L.S.D at 0.05 probability level, 0.01
probability level, and power P-value 0.05

ResuLts Anp Discussion

Collection and identification of isolates

Among 125 clinical samples, 50 isolates of Staphylococcus
aureus were found, 26 of them were methicillin-resistant

Staphylococcus aureus (MRSA), with a percentage of 52%,
and this percentage is in agreement with(LevaNam et
al.,2019). The results of the culture examination showed that
the colonies growing on the medium of the blood agar were
surrounded by a clear area of beta-hemolysis, with a diameter
(1.5-2.5)mm of white or golden round (mm). While on the
mannitol salt agar medium, the medium-sized colonies with
smooth, shiny edges and slightly raised from the center,
surrounded by a yellow region that turns the color of the
center from pink to yellow, the mannitol salt agar medium is
one of the selective media for the genus Staphylococcus
aureus(Mac Faddin,200). As for the microscopic
examination, the isolates appeared in the form of grape
clusters positive for the Gram stain(Matar,2014). Also,
biochemical tests were performed on her, which were
positive for catalase, negative for oxidase, fermentation of
mannitol and negative for indole.

Identification of chemical compounds in the extract
of Tribulus terrestris L fruit using GC —MS technique

GC-MS technology is an analytical technique that can be
used to separate and analyze samples that are evaporated
without thermal decomposition (Nokhala et al.,2020). 49
active chemical compounds were detected in the ethanolic
extract of prickly pear fruits, which contains saponins,
phytol, pyrrole, saturated and unsaturated fatty acids,
alkaloids and aromatic compounds. Table (2) Figure (4).
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Table 2: GC-MS analysis of Tribulus terrestris

No RT (min) Area% Name Quality CAS Number
1 5.15 0.14 2(3H)-Furanone, 5-methyl- 80 000591-12-8
2 5.477 0.14 cis-2,5-dimethylpyrrolidine 64 039713-71-8
3 5.799 0.32 2-Ethylpiperidine 78 001484-80-6
4 6.588 1.15 Pentanal 9 000110-62-3
5 8.149 0.26 HYDROXY DIMETHYL FURANONE 74 003658-77-3
6 8.793 0.15 1,3-Dimethyl-2-thioketoimidazole 52 000000-00-0
7 8.928 1.24 Guaiacol 94 000090-05-1
8 9.483 0.44 Maltol 72 000118-71-8
9 10.82 0.74 Uracil, 1-methyl-4-thio- 27 035455-86-8
27 28.62 1.16 9-Octadecenoic acid (Z)-, methyl ester 99 000112-62-9
32 31.46 0.22 Cyclononanone 38 003350-30-9
33 32.29 0.18 Ethyl linoleate 60 000544-35-4
34 33.83 1.35 Bicyclo[10.1.0]tridec-1-ene 94 054766-91-5
35 34.31 1.04 Palmitic acid .beta.-monoglyceride 87 023470-00-0
36 36.18 0.17 Nitroscanate 60 019881-18-6
37 36.58 6.73 Ethyl linoleate 93 000544-35-4
38 36.89 0.25 12-Cyano-15-pentadecanolide 55 112405-38-6
39 41.59 0.72 Lanol 99 000057-88-5
40 41.76 0.31 Vitamin e 95 010191-41-0
41 43.09 0.51 Campesterol 97 000474-62-4
42 43.58 0.80 Stigmasterol 89 000083-48-7
43 44.02 151 Diosgenin 97 000512-04-9
44 44.24 0.31 Smilagenin 78 000000-00-0
45 44.54 3.80 (23S)-ethylcholest-5-en-3.beta.-ol 99 113845-28-6
23,24-BISNORCHOLA-5,17(20)-DIEN-
46 44.83 0.31 3 BETA -OL (20) 64 072654-92-3
48 45.35 0.23 Tigogenone 52 000470-07-5
49 45588 0.14 S-Acetamido-4,7-dioxo-4,7- 41 000000-00-0

dihydrobenzofurazan
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Figure 4: GC-MS analysis of Tribulus terrestris.

Anti-bacterial activity test of extract of Tribulus
terrestris L fruit

Our study showed that the ethanolic extract of the fruits of
the prickly pear plant had an antibacterial activity of MRSA
by85%, the general average of the inhibition diameters of the
isolates was 18.038 mm, table(3). While the overall mean
value of MIC for the ethanolic extract of the plant was
14.76mg/ml towards MRS isolates, Table (4). The researcher
found (Ammar et al.,2018) that the extract of the Tribulus
terrestris L plant has aneffective activity against Escherichia
coli,Staphylo coccusaureus and Salmonella bacteria because
the plant contains phenols, flavonoids andsaponins that were

detected by GC-Mtechnology. Also( Abdulgawi and
Quadri,2021) it was found that the plant extract was
antibacterial against MRSA bacteria due to its possession of
alkaloids, tannins, glycosides, flavonoids, phenols and
saponins. These studies were in agreement with our study.
The presence of fatty acids in the plant helps to destroy the
vital membranes as well as their resistance to the pumps
efflex mechanical (Papaianni et al.,2020). It was found that
the pyrrole compound has anti-bacterial activity against
gram-positive and gram-negative bacteria as well as anti-
fungal, which works to damage cell membranes and prevent
the activity of the reverse transcriptase enzyme and protein
enzymes of the cellular system (V.B handwaj et al.,2015).
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Table 3: Diameters of inhibition rates for plant extract

No. Isolates T.T

1 S. aureus 18

2 S. aureus 22

3 S. aureus 19

4 S. aureus 16

5 S. aureus 20

6 S. aureus 16

7 S. aureus 21

8 S. aureus 22

9 S. aureus 22

10 S. aureus 17

11 S. aureus 18

12 S. aureus 14
13 S. aureus 14
14 S. aureus 16

15 S. aureus 15

16 S. aureus 18
17 S. aureus 16
18 S. aureus 20
19 S. aureus 18
20 S. aureus 16
21 S. aureus 16
22 S. aureus 18
23 S. aureus 19
24 S. aureus 18
25 S. aureus 18
26 S. aureus 22
Mean 18.038
S.E. 0.555
%C.V 5.326
L.S.D 5% 1.574
L.S.D 1% 2.097
P< 0.05 level 0.00012
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Table 4: MIC plant extract account

No. Isolates T.T

1 S. aureus 16

2 S. aureus 8

3 S. aureus 8

4 S. aureus 16

5 S. aureus 16

6 S. aureus 8

7 S. aureus 16

8 S. aureus 8

9 S. aureus 16

10 S. aureus 16

11 S. aureus 16

12 S. aureus 8

13 S. aureus 16
14 S. aureus 32

15 S. aureus 32

16 S. aureus 8

17 S. aureus 16

18 S. aureus 8

19 S. aureus 16
20 S. aureus 16
21 S. aureus 32
22 S. aureus 16
23 S. aureus 16
24 S. aureus 8

25 S. aureus 8

26 S. aureus 8
Mean 14.76
S.E. 0.299
%C.V 3.513
L.S.D 5% 0.850
L.S.D 1% 1.132
P<0.05 level 0.0011

Cytotoxicity test of ethanolic extract of Tribulus
terrestris L fruit

The result of the toxic activity was shown at a concentration
of 750 mg / ml by destroying red blood cells figure(5), our
results were in agreement with (Ivanova et al., 2016), where
it was found that barbed pole extracts are toxic to cells
because they contain saponins. Saponins are able to break
down red blood cells and cause anemia (Hu et al., 2018). This
is due to the affinity of saponins to the sterols involved in the

composition of the plasma cell membrane, by removing the
membrane and releasing hemoglobin in the blood (Arslan
and Celik, 2013).Also, our current study agreed with the
researcher (Ghanem, 2016) who found that the extract of this
plant is cytotoxic and antimicrobial, so it is recommended to
use the pharmaceutical method for biologically active
compounds after conducting toxicological activity tests for
the plant.
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Figure 5: Cytotoxic efficacy test of the Tribulus terrestris L plant

Effect of plant extract (Tribulus terrestris L ) on
gene expression of PVL(lukS-pv and lukF-pv)genes

The RNA of the first sample of bacteria treated withSub- Ml
Cwas extracted from the Tribulus terrestris L extract, as well
as the RNA extraction of the same sample without

treatment.(Control). The RNA concentration of the treated
sample was( 176 ng/microliter), and the RNA concentration
of the untreated sample was (234 ng/microliter). Ct is the
basic rule by which the amount of gene expression can be
expressed in -qRTPCR technique Table (5and 6).

Table 5: Effect of Tribulus terrestris L extract on the amount of gene expression of lukS-pvl gene at sub-MIC concentrations.

Groups 2(-AACY) Folding Conclutions
Tribulus terrestris L 0.506 1.97628 Down-regulation
Control (without) 1

Table 6: Effect of Tribulus terrestris L extract on the amount of gene expression of lukF-pvl gene at sub-MIC concentrations.

Groups 2(- Folding Conclutions
AACY)
Tribulus terrestris L 0.716 1.396648 Down-
regulation
Control (without) 1

Our study showed that the Tribulus terrestris L plant reduced
the amount of gene expression of PVL(lukS-pv and lukF-pv)
genes by a value of (0.506,0.716 ) respectively compared to
the control group that was not treated with a value of (1 ).
The plant extract helps prevent biofilm production, which
leads to a reduction in the amount of gene expression through
the plant's ability to penetrate the membranes of bacteria(AL-
Taee et al.,2018). The ethanolic extract has the ability to
create holes in the bacterial cell wall, causing chaos to the
bacteria(Mushtag et al.,2018). The plant's possession of
many effective chemical compounds helps it to denature the
bacterial protein attached to the bacterial cell wall and cause
it to decompose because it contains flavonoids(Chauhan and
Goel,2018).

CONCLUSIONS

The extract of Tribulus terrestris L fruit is considered to have
an antagonistic activity against MRSA bacteria, as it reduces
the gene expression of PVL (lukS-pv and lukF-PV) genes by
a value of (0.506,0.716 ) respectively. It also has the ability
to degrade red blood cells at a concentration of 750 mg / ml

REeFERENCE

Frank. k. k.; Alexander,w.; Friedrich, k. (2004).
Bredrohllichezunahmemethicillin  resistenter  staphylococcucus
aureus .101(28-29).

Purrello,S.M.;Garau,J.;Giamarellos, E.; Mazzei, T.; Pea, F.; Soriano, A.;
Stefani,S.Methicillinresistans Staphylococcus aureusinfections: A
review of the currently available treatment options. J. Glob.
Antimicrob. Resist. 2016, 7, 178-186. [CrossRef] [PubMed]

Agel,A.A., Alzoubi, H.M., Vickers, A., Pichon, B. and Kearns, A.M. (2015).
Molecular epidemiology of nasal isolates of methicillin-resistant

'Journal of Pharmaceutical Negative Results | VVolume 13 | Issue 4 | 2022




Tamara Omar Al-Dulaimi et al: Gene expression study of Pvl genes in Methicillin-Resistant Staphylococcus aureus bacteria on the effect of extract Tribulus
terrestris L.

Staphylococcus aureus from Jordan. Journal of Infection and Public Health
8:90—97

David MZ, Daum RS.(2010). Community-associated methicillin-resistant
staphylococcus aureus: Epidemiology and clinical consequences of
an emerging epidemic. Clin. Microbiol. Rev..23(3):616-87.

D. C. Melles, W. B. Van Leeuwen, H. A. M. Boelens, J. K. Peeters, H. A.
Verbrugh, and A. Van Belkum, “Panton-Valentine leukocidin genes
in Staphylococcus aureus,” Emerging Infectious Diseases, vol. 12,
no. 7, pp. 1174-1175, 2006.

Graves S.F., Kobayashi S.D., and F.R.DeLeo(2010) Community associated
methicillin-resistant Staphylococcus aureus immune evasion and
virulence. J. Mol. Med. 88:109-114.

Suresh R. Y., Sathyanarayana D., and Kannan K. (2016). A Recent
Phytochemical Review — Fruits of Tribulus terrestris Linn. J. Pharm.
Sci. and Res. Vol. 8 (3): 132-140.

Qasem, J.R. (2014). Silverleaf nightshade (Solanumelaeagnifolium) n the
Jordan Valley: Field survey and chemical control. The Journal of
Horticultural Science and Biotechnology 6: 639-646.

Jiang YH, Guo JH, Wu S, Yang CH. The vascular protective effects of
aqueous extracts ofTribulus Terrestris on hypertensive endothelial
injury. Chin J Nat Med,15, 606-614 (2017).

Chhatre, S.; Nesari, T.; Somani, G.; Kanchan, D. and Sathaye, S.
(2014).Phytopharmacological overview of Tribulus terrestris.
Pharmacognosy Reviews. 8:45-51.

Semerdjieva, |. B., & Zheljazkov, V. D. (2019). Chemical constituents,
biological properties, and uses of Tribulus terrestris: A review.
Natural Product Communications, 14(8), 1934578X19868394

Khazaei, M.R.; Makalani, F.; Ghanbari, E.; Fayzemahdavi, M. and Khazaei,
M.JJ.0.C.M.S. (2018). An overview of effective herbal and
antioxidant compounds on diabetes. 4(3).

Mohammed, A. A., Al-Amiery, A. A. H., Al, H. H. A. M. |, & Abbas, A.
H. (2010). Study the biological activities of Tribulus terrestris
extracts. Journal of Biotechnology Research Center, 4(1), 55-60.

Valgas, C., Souza, S. M. D., Sménia, E. F., & Smania Jr, A. (2007).
Screening methods to determine antibacterial activity of natural
products. Brazilian journal of microbiology, 38(2), 369-380.

Xin—-guo H. and Ursella, M. (1994). Antifungal compounds from Solanum
nigrescens, J. Ethnopharm; 43:173 — 177.

Arendrup, M. C., Prakash, A., Meletiadis, J., Sharma, C., & Chowdhary, A.
(2017). Comparison of EUCAST and CLSI reference microdilution
MICs of eight antifungal compounds for Candida auris and
associated tentative epidemiological cutoff values. Antimicrobial
agents and chemotherapy, 61(6), e00485-17.

Le Van Nam, D. Q., Hung, P. N., Tien, T. V., Thanh, K. C., Dung, Q. A,
Do Dieu Linh, H. T. T., ... & Pho, D. C. (2019). Antibiotic
Resistance profile and methicillin-resistant encoding genes of
Staphylococcus aureus strains isolated from bloodstream infection
patients in Northern Vietnam. Open access Macedonian journal of
medical sciences, 7(24), 4406.

Macfaddin J. F. (2000). Biochemical Tests for Identification of Medical
Bacteria. 3rd Ed. Lippincott, Williams and Wilkins. Philadelphia.
London.

Matar , S. (2014). Characterization of Staphylococcus Small Colony Variant
and their Pathogenic Role in Biomaterial Related Infectoin with
Special Reference to Staphylococcus

epidermidis.:187-192

Ammar, N. M., El-Hawary, S. S. E. D., Mohamed, D. A., Afifi, M. S,
Ghanem, D. M., & Awad, G. (2018). Phytochemical and biological
studies of Tribulus terrestris L. growing in Egypt. International
Journal of Pharmacology, 14(2), 248-259.

Abdulgawi, L. N. A., & Quadri, S. A. (2021). Evaluation of Antibacterial
and Antioxidant activities of Tribulus terrestris L. Fruits. Research
Journal of Pharmacy and Technology, 14(1), 331-336.

Papaianni, M., Ricciardelli, A., Casillo, A., Corsaro, M. M., Borbone, F.,
Della Ventura, B., ... & Capparelli, R. (2020). The union is strength:
The synergic action of long fatty acids and a bacteriophage against
xanthomonas campestris biofilm. Microorganisms, 9(1), 60.

V. Bhardwaj, D. Gumber, V. Abbot, S. Dhiman P. Sharma, RSC Adv.,
2015, 5, 15233.

Nokhala, A.; et al. Investigation of a-Glucosidase Inhibitory Metabolites
from Tetracera scandens Leaves by GC-MS Metabolite Profiling
and Docking Studies. Biomolecules. 2020, 10: 287.

Al-Taee, M. J. M., Al-Ethawi, A. M. T., & AL-Gafari, R. N. J. (2018).
Evaluation of the effects of gold nanoparticles and Tribulus
terrestris fruits extract on atlA gene expression in Methecillin
Resistant  Staphylococcus aureus. Journal of Pharmaceutical
Sciences and Research, 10(5), 1136-1141.

Mushtag, S., Shah, A. M., Shah, A., Lone, S. A., Hussain, A., Hassan, Q. P.,
& Ali, M. N. (2018). Bovine mastitis: An appraisal of its alternative
herbal cure. Microbial pathogenesis, 114, 357-361.

Chauhan, S., Sharma, D., & Goel, H. C. (2018). An in vitro evaluation of
Tribulus terrestris L. fruit extract for exploring therapeutic potential
against certain gut ailments.

.Journal of Pharmaceutical Negative Results | VVolume 13 | Issue 4 | 2022




