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Abstract
Background and Objective: Periprosthetic Joint Infections (PJIs) caused by multi-drug resistant biofilm-forming Staphylococcus aureus
make the treatment challenging. The present study makes an effort to find out the effect of AgNP-Rhazya stricta  extract conjugate on
biofilms associated with PJIs in total hip arthroplasties (THAs). Materials and Methods: The strains of S. aureus  were identified and
analyzed for their antibiogram against the antibiotics selected. The biofilm-forming abilities of the isolated strains were determined using
the crystal violet method and the effect of green synthesized AgNP-Rhazya stricta  extract conjugate coated on prosthetic femur head
was analyzed using confocal microscopy. Results: Two isolates were identified as S. aureus  and they showed resistance to all of the
antibiotics tested and also have shown the ability to form biofilms. The AgNP-Rhazya stricta  extract conjugate showed better antibacterial
activity against O5 strain of Staphylococcus aureus  compared with O3. The AgNP-Rhazya stricta  extract-coated prosthetic femur heads
were found to be reducing the biofilms on them. Conclusion: As the thickness of biofilms formed by MDR S. aureus  was reduced on
AgNP-Rhazya stricta  extract conjugate coated metallic femoral head. Further studies are required on the AgNP-Rhazya stricta  extract
to make it available for its clinical use.
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INTRODUCTION

Total hip arthroplasty (THA) technique has been a
milestone  in  medicine  since  it  solved  the  sufferings  of
patients with hip joint complications resulting from many
conditions including very late hip arthritis, osteoarthritis (OA),
developmental dysplasia, Avascular Necrosis (AVN), tumor,
pediatric hip diseases, septic and inflammatory arthritis,
trauma etc., which will disturb the joint integrity causing
severe hip pain and deformity of lower limb resulting in
gradual loss of normal functioning1,2. Ever since its
introduction, due to many reasons including the growing size
of the aged population, the demand for THA has exponentially
been increasing. But, unfortunately, in many cases, these
arthroplasties have been followed by serious Periprosthetic
Joint  Infections  (PJIs)  resulting  in  extreme  suffering  of
patients, challenges in the treatments, higher health care
costs,  prolonged  hospitalizations,  patient  immobilization,
functional and emotional morbidity etc., demanding surgical
intervention and aggressive antimicrobial treatment3,4. The
PJIs were found to have developed at a very early stage as
short as less than three months postoperatively and their
prevalence increased up to a recorded 5.6% ending up in
revision surgeries5,6. The scenario has been predicted to
worsen by 4% increase in PJIs both in revision and in primary
knee and hip arthroplasties between the years 2005 and
20307,8. The situation in Saudi Arabia is also the same as a
study conducted in a tertiary hospital in Jeddah reported that
there was an increase of 66.4% in THA surgeries performed
between 2001 and 20151.

Most of the PJIs were found to be caused by biofilms of
virulent strains of one or more pathogenic bacterial species.
However, the formation of biofilms by multidrug-resistant
bacteria, which are microbial (bacterial) communities adhered
strongly to solid surfaces like prosthetic implants and these
bacteria are inside a well-protected polysaccharide covering,
makes the post-surgical life difficult9. Having a protective
matrix of polysaccharides, these biofilms are found  to  have
up to 8000-fold resistant capability against antibiotics than
their planktonic forms and in about 50% of the cases, the
causative organism was reported to be Methicillin-Resistant
Staphylococcus aureus (MRSAs) strains10,11. As these
pathogens are getting resistant to most of the antibiotics in
use, the scientific world is in search of new agents including
metal nanoparticles like Silver Nanoparticles (AgNPs) which
have  been  found  to  be  one  of  the  potential  alternatives
with enhanced antimicrobial activity in suppressing and
eliminating microorganisms including bacteria that form
biofilms12. When these AgNPs are produced using the green
synthesis  technique, the final product was found to have an

enhanced  effect  against  bacteria including Staphylococcus
aureus. On the other hand, various plant particles have been
making headlines in the fight against MDR bacteria and
Rhazya stricta  (known as Asharmal  in the Kingdom) has been
a plant found in various parts of Saudi Arabia with proven
biological activities from the common cold to parasitic
infections, hyperglycemia and rheumatism to syphilis13,14 and
also has proven activity against different S. aureus  including
MRSA  (Methicillin-Resistant  Staphylococcus  aureus)
strains13,15-20. Based on the earlier reports, the AgNPs can be
explored to invent coatings against biofilms on different
biomedical devices. Therefore, the present investigation,
evaluated the anti-biofilm activity of AgNP-Rhazya stricta
extracts conjugate on multidrug-resistant Staphylococcus
aureus  biofilms formed on prosthetic femur heads.

MATERIALS AND METHODS

Study area and duration: The present study was performed
in the Basic Medical Sciences Laboratories of the College of
Medicine   at   the   Prince   Sattam   bin   Abdulaziz   University,
Al-Kharj, Kingdom of Saudi Arabia from November, 2022 to
June, 2023.

Isolation and identification of S. aureus from clinical
samples:  The  pathogenic  bacterial  strains  were  isolated
using standard procedure from three patients at the PSAU
hospital, Al-Kharj, Saudi Arabia. Without further delay, the
transportation of the collected samples to the laboratory were
done and processed and the pathogen S. aureus was
identified based on various biochemical analysis including its
growth on mannitol salt agar21.

Resistance  pattern  of  identified  S.  aureus:   The  isolated
S. aureus (O1-O8) was analyzed for antibiotic-resistant
patterns using the disc diffusion method. Briefly, the overnight
cultures of isolated S. aureus  were swabbed on the sterile
Mueller-Hinton agar (MHA) plates and the disc of the following
antibiotics ciprofloxacin, cefmetazole, ampicillin, tetracycline
and streptomycin were placed on the surface and incubated
for overnight. After the incubation for about 36 hrs at 37EC.
The culture plates were analyzed for the zones of inhibition.
Further, the S. aureus  strains were selected based on their
resistant pattern22.

Determination  of  biofilm  formation:  To  observe  the
biofilm-forming potentials of isolated MDR Staphylococcus
aureus  strains,  the  crystal  violet  method  was  used  as
described  by  Meiyazhagan  et  al.23.   Briefly,   the   overnight
S.   aureus    (O1-O8)   culture   was   added    into    test    tubes
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containing MHB and allowed for 96 hrs. Then, the formed
biofilms were washed, methanol-fixed and stained with 0.1%
solution of crystal violet. Then, biofilms were destained with
an ethanol acetone mixture and the strains were selected
further based on the color intensity which indicates the
biofilm-forming potentials of the MDR Staphylococcus aureus.
The test tube with no biofilm served as the negative control.

Collection and extraction of Rhazya stricta: Three shrubs of
the Saudi medicinal plant Rhazya stricta  were collected from
the suburbs of Al-Kharj City in the Central Region of the
Kingdom.   Before   extraction,   the   plant   was   cleaned   and
air-dried.  The  cleaned  plant  was  cut  into  small  pieces  and
the plant extract was prepared by adding 20 g of plant
material to a thimble and placed inside the Soxhlet apparatus
(Macherey-Nagel,  Germany)  filled  with  methanol  and  the
60-65EC temperature was set to run the cycles for a few hours
till the colorless solvent obtained and the end product was
used for synthesis of AgNPs24.

Green synthesis of Silver Nanoparticles (AgNPs): The silver
nanoparticles were synthesized using Rhazya stricta  extract as
a reducing agent by green synthesis as described earlier. In
brief, for the synthesis, to 45 mL of 0.01 mM silver nitrate
solution, 5 mL of plant extract was added and allowed to boil
for 5 min. When the silver nitrate and plant extract mixer turn
brown color indicates the formation of silver nanoparticles25.

Characterization of green synthesized NPs: The silver
nanoparticles which were synthesized by green procedure
confirmed using UV-visible spectrophotometer (UV-2400
Shimadzu, absorbance between 200-800 nm), morphological
characteristics were analyzed using FESEM (Field Emission
Scanning Electron Microscopy) and analyzed for the zeta
potential26.

Conjugation of AgNPs with the herb extract: The silver
nanoparticles were conjugated with the Rhazya stricta   extract
using a standard protocol in a ratio of 1:1 and these
conjugated AgNPs were used further for all the studies27.

Evaluation of antimicrobial potentials of AgNP-Rhazya
stricta extract conjugate against Staphylococcus aureus
isolate: The antimicrobial activity of synthesized AgNP-Rhazya
stricta  extract conjugate against isolated resistant S. aureus
(O8) strains were analyzed using agar diffusion method as
described by Gowri et al.22. Brief, the overnight cultures of
isolated resistant S. aureus  strains were swabbed on the
sterile MH Agar plates and the wells were loaded with
different  concentrations  (0.125,  0.25,  0.5  µg  and  1  mg) of

AgNP-Rhazya stricta  extract  conjugate  and  incubated.  After 
incubation, the antimicrobial activity of AgNP-Rhazya stricta
extract conjugate was found by inhibition zone measurement
which was formed against the resistant S. aureus  strains.

Determination of minimum inhibitory concentration: The
broth dilution technique was used to find out the MICs of
synthesized AgNP-Rhazya stricta extract conjugate against
isolated resistant S. aureus  (O3 and O5) strains as mentioned
by Meiyazhagan et al.23. In brief, the silver concentration was
serially diluted in Mueller Hinton broth and the overnight
culture was added and incubated. After incubation, the
resazurin dye was applied and incubated for 3 hrs. Then, the
change  in  color  from  blue  to  pink  indicated  the  growth 
of S. aureus.

Confocal microscopy: To evaluate the anti-biofilm potential
of the synthesized AgNP-Rhazya stricta  extract conjugate
coated on the prosthetic femur head was analyzed using
confocal microscopy. Briefly, before allowing the biofilm
formation on the prosthetic femur head, the head was
immersed in synthesized AgNP-Rhazya stricta extract
conjugate  suspension  for  10  min  and  air  dried.  Then,  the
S. aureus  biofilm formation on AgNP-Rhazya stricta  extract
conjugate coated prosthetic femur head was attained when
the head was allowed for biofilm formation by immersing the
tube in BHI broth containing overnight S. aureus culture
suspension and allowed for 96 hrs. Then, the head was
washed with phosphate-buffered saline stained with acridine
orange for 10 min and air dried. The stained prosthetic femur
head was allowed for confocal scanning microscopy28. An
uncoated prosthetic femur head with biofilm formation serves
as the control. The green fluorescence was considered as an
indication of live cells and the fluorescence with red as an
indication of the dead cells.

RESULTS

Identification and resistant pattern of isolated S. aureus
strains: The isolated clinical samples (O1-O8) were identified
as S. aureus  based on their morphological observation on
MSA plates and the growth pattern was shown in Fig. 1. As it
is seen, out of eight isolates, two isolates showed growth on
MSA plates and identified as S. aureus. Similarly, the resistant
pattern of eight isolated isolates (O1-O8) was studied and the
obtained result was presented in Fig. 2 and Table 1. As shown
in the Table 1, all the  isolates (O1, O2, O3, O5, O6, O7 and O8)
showed resistance to ampicillin, three isolates (O3, O7 and O8)
were resistant to all the tested antibiotics such as
ciprofloxacin, cefmetazole, ampicillin, tetracycline and
streptomycin. 
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Fig. 1: Growth pattern of isolated strains (O1-O8) on mannitol salt agar (MSA)

Fig. 2: Resistant pattern of tested antibiotics against isolated strains (O1-O8)

Table 1: Zone of inhibition of tested antibiotics against isolated strains (O1-O8)
Zone of inhibition (mm)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacterial strain Ciprofloxacin Cefmetazole Ampicillin Tetracycline Streptomycin
O1 22 20 - 13 15
O2 21 18 - - 12
O3 - - - - -
O4 - - - - 16
O5 16 - - - 15
O6 20 18 - - 12
O7 - - - - -
O8 - - - - -
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Fig. 3: Biofilm forming ability of isolated S. aureus  strains (O1-O8)

Fig. 4: Antibacterial activity of AgNP-Rhazya stricta  extract conjugate against resistant S. aureus strains (O3 and O5)

Determination of biofilm formation: Biofilm-forming
potentials of the eight isolated S. aureus  strains (O1-O8) were
studied using the crystal violet method and the result was
displayed in Fig. 3. As observed, all the eight isolates showed
their biofilm-forming ability when compared to control. Based
on the color intensity, two isolates such as O3 and O5 showed
more potency to form biofilm on non-living things. Based on
the  growth  on  the  MSA  plate,  resistant  pattern  and
biofilm-forming   ability   of   selected   isolates,   the   isolates
O3 and O5 were used for further studies.

Antibacterial activity of green synthesized AgNP-Rhazya
stricta extract conjugate: The antimicrobial potentials of
synthesized AgNP-Rhazya stricta  extract conjugate against
MDR S. aureus  strains (O3 and O5) studied are presented in
Fig. 4. The zones of bacterial growth inhibition for O3 strain
against various plant extract concentration like  0.125,  0.25
and 0.5 µg; 1 mg are 12, 11, 14 and 18 mm, respectively.
Similarly, the O5 strain also showed inhibition in  growth  by

13, 13, 16 and 19 mm, respectively against the plant extract
concentrations as 0.125, 0.25, 0.5 µg and 1 mg. Thus, the
AgNP-Rhazya stricta  extract conjugate exhibited antibacterial
activity  in  all  the  tested  concentrations   against   resistant
S. aureus  strains (O3 and O5) and the results indicated that
the antibacterial activity of AgNP-Rhazya stricta extract
conjugate was increased when increasing the concentration.

Minimum inhibitory concentration (MIC) determination: The
MICs of synthesized AgNP-Rhazya stricta  extract conjugate
against  resistant  S.  aureus  strains  (O3  and  O5)  determined
and  were  found  to  be  0.781  µg  mLG1  against  O3  and
0.195 µg mLG1 against O5 strains.

Confocal microscopy: The visualization of anti-biofilm effect
on   prosthetic   femur   head   coated   with   synthesized
AgNP-Rhazya stricta extract conjugate was studied using
confocal microscopy and the obtained results were presented
in Fig. 5a-d and 6a-d. As shown in Fig. 5a-b, two-dimensional 
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Fig. 5(a-d): 2D  image  of  biofilm  formation  of  S.  aureus  on  the  uncoated  prosthetic  femur  head  (a)  O3,  (b)  O5  (Control),
(c) 2D image of biofilm formation of S. aureus  O3 on the coated prosthetic femur head and (d) O5

Fig. 6(a-d): 3D  image  of  biofilm  formation  of  S.  aureus  on  the  uncoated  prosthetic  femur  head  (a)  O3,  (b)  O5  (Control),
(c) 3D image of biofilm formation of S. aureus  on the coated prosthetic femur head O3 and (d) O5
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biofilm structures of resistant S. aureus  strains (O3 and O5)
were observed on an uncoated prosthetic femur head. Here,
more green fluorescence indicates the live cells on biofilm
structures. Similarly, two-dimensional biofilm structures of
resistant S. aureus  strains (O3 and O5) were observed on
coated prosthetic femur heads with less green fluorescence
(Fig. 5c-d). As observed in Fig. 6a-b, three-dimensional biofilm
structures of resistant S. aureus strains (O3 and O5) were
observed on uncoated prosthetic femur heads with more
green fluorescence. Consequently, three-dimensional biofilm
structures of resistant S. aureus  strains (O3 and O5) were
observed on coated prosthetic femur head with minimal
green fluorescence as well as reduced biofilm thickness
indicating the antibiofilm effect of synthesized AgNP-Rhazya
stricta  extract conjugate (Fig. 6c-d).

DISCUSSION

Staphylococcus aureus  is an important and predominant
causative agent for periprosthetic joint infections29. The
biofilm-forming  ability  of  S.  aureus  makes  tolerance  to
many antibiotics resulting PJIs treatment very challenging30.
Therefore, to overcome the existing problem, coating medical
devices with antibacterial agents is an emerging approach.
Hence, in the study, green synthesized AgNP conjugated with
Rhazya stricta extract was investigated for its anti-biofilm
potentials against isolated MDR S. aureus. Here, silver
nanoparticles were synthesized using the green-reducing
agent Rhazya stricta extract and they showed excellent
antibacterial activity against MDR S. aureus   strains. Moreover,
the isolated strains were analyzed for their biofilm-forming
ability because the S. aureus  in PJI is mainly associated with
biofilm. Similarly, a recent study investigated the antibacterial
activity of TNP-2092, a hybrid drug consisting of quinolizinone
pharmacophores and rifamycin against S. aureus  involved in
PJIs and found the promising in vitro activity against the
tested organism31.

Same way, studies have declared the prevalent causative
agent for PJIs as S. aureus  strains by determining the
phenotypic and genotypic analysis as well as biofilm-forming
ability in the isolated strains showed resistance to many
commercially available antibiotics32. These studies proved the
importance of causative agents and their genotype
identification for treating PJIs. Moreover, S. aureus has the
ability to form biofilm which makes treatment failure in many
cases. Furthermore, biofilm formation was initiated when the
bacterial attachment on the surfaces of the devices makes a
favorable environment for biofilm maturation thereby

treatment  is  crucial.  Hence,  the  investigation  was  a  trial  to
study the anti-biofilm potentials of AgNP-Rhazya stricta
extract conjugate coated on a prosthetic femur head was
evaluated.   The   present   study   revealed   the   potential
anti-biofilm activity of AgNP-Rhazya stricta  extract conjugate
against  isolated  MDR  S.  aureus  biofilm  formation  on
prosthetic femur head and found the reduced biofilm
thickness was observed. Similarly, the silver-containing
hydroxyapatite coating was evaluated for its antibiofilm
activity against methicillin-resistant and vancomycin-resistant
S.  aureus  and  showed  a  potent  antibacterial  effect  which
was evidenced in confocal microscopy33. The savarin in vitro
anti-biofilm and antimicrobial activities against S. aureus  were
also found to be excellent in eliminating S. aureus  infection34.

CONCLUSION

The green synthesized AgNP-Rhazya stricta extract
conjugate was evaluated for its anti-bacterial and antibiofilm
activity  against  multi-drug  resistant  S.  aureus.  The  isolated
S. aureus  strains were observed for their growth and resistant
pattern and biofilm-forming ability. Mainly, the AgNP-Rhazya
stricta  extract conjugate-coated prosthetic femur head was
analyzed for antibiofilm activity and visualized by confocal
microscopy. Interestingly, the biofilm thickness was reduced
in AgNP-Rhazya stricta  extract conjugate coated prosthetic
femur head indicating that AgNP-Rhazya stricta  extract
conjugate does not allow the biofilm formation when
compared to control. Overall, the AgNP-Rhazya stricta  extract
conjugate can be a better coating agent for preventing biofilm
formation in the prosthetic femur head.

SIGNIFICANCE STATEMENT

Even though the need for total hip arthroplasties (THA) is
continuously increasing, the Periprosthetic Joint Infections
(PJIs) caused by multidrug-resistant biofilm-forming bacterial
pathogens like Staphylococcus aureus  make the treatment
and management more challenging. So, the present study
analyzed a solution from nature-using a coating of silver
nanoparticle conjugated Saudi medicinal plant (Rhazya stricta)
extract on the metallic femoral head to find out, to what
extent the conjugate can suppress the bacterial pathogens
and their biofilms. The study found that, when the prosthetic
femur part with induced biofilm is coated with the AgNPs
conjugated plant extract, it could reduce the biofilms and we
suggest detailed in vitro and in vivo analyses for its clinical
applications.
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