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INTRODUCTION 

 

Many bacterial strains overcome the efficacy of antibiotics via their rapid mutation. 

However, antibiotics can synergistically act with natural bioactive molecules that 

boost their efficacies. Algal extracts proved to be more promising antibacterial 
agents even though their antibacterial activity is milder than that of commercially 

available antibiotics. Many reports have described active compounds derived from 

macroalgae that exhibited potential antimicrobial activity (Alghazeer et al., 2013; 

He et al., 2014; Lee et al., 2014; Morán-Santibañez et al., 2018; Nafis et al., 

2021). 

Much attention has been paid in the past few years to the bioactive components of 
algal extracts that contribute to their antimicrobial properties, particularly because 

of the emergence of antibiotic-resistant bacterial strains (Pérez et al., 2016). It has 

been reported that these components act on their own or enhance the potency of 
several antibiotics. Furthermore, the complex nature of the extracts hampers 

microbial adaptation (Daferera et al., 2003); therefore, these extracts are less 

likely to induce resistance to their effects. 
The antimicrobial compounds derived from brown marine algae consist of a 

diverse group of chemical compounds, including polyphenols, phlorotannins, 

flavonoids, alkaloids, tannins, terpenoids, saponins, coumarins, sterols, quinones, 
polysaccharides, and free fatty acids (A. Brantes et al., 2010; Demirel et al., 2009; 

Alghazeer et al., 2017; Kim et al., 2017; Ummat et al., 2020; Singkoh et al., 

2021). These active constituents are reported to be bactericidal against Gram-

negative and Gram-positive bacteria (Nor Afifah et al., 2010; Alghazeer et al., 

2021; Mahendran et al., 2022). 
The bacterial resistance to antibiotics is a serious public health issue worldwide, 

which has been addressed by various researchers (Lucet et al., 2009; Periasamy 

et al., 2021). By and large, the use of antibiotics to treat infectious diseases in 

humans, animals, plants, or food processing may lead to the development of 

bacterial resistance against these antibiotics. Some strains of Staphylococcus 

aureus are known to resist methicillin (MRSA strains) (Lucet et al., 2009), thus 

causing severe infections in humans, often in hospital settings and nosocomial 
infections. S. aureus is a highly multidrug-resistant (MDR) bacterium, partly 

because of its capacity to form biofilms; therefore, infection with this pathogen is 

difficult to treat (Kluytmans et al., 1997; Periasamy et al., 2021). S. aureus 
infections are often fatal in nature because of their resistance to many β-lactam 

antibiotics (Pavillard et al., 1982). However, not much is known about the 

combination of algal antibacterial extracts and antibiotics and their effects on 
bacterial cells. Thus, this study aimed to ascertain the antibacterial activity of a 

Petalonia fascia methanolic extract and to explore the potentiation action of the 

extract–antibiotic combinations with available antibiotics, as well as of their 
mixture on MDR bacteria, namely, five MRSA isolated from food of animal origin 

(Nass et al., 2019). 

 
MATERIALS AND METHODS 

 

Sampling area, collection, and identification of the algal material 

 

The Petalonia fascia samples were collected during June 2020 at Tajura, on the 
western coast of Libya (SA 01, N 32°53'45.47 E 13°21'3.16; SA 02, N 32°53'51.95 

E 13°21'4.25; SA 03, N 32°53'54.19 E 13°20'54.10; SA 04, N 32°53'46.23 E 

13°20'50.90) (Figure 1). The samples were identified and classified at the Marine 
Biology Research Center, Tajura, Tripoli, Libya. Routine procedures, which 

included the removal of the necrotic parts and epiphytes followed by rinsing with 
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sterile distilled water, were carried out on the collected samples. The samples were 

dried in the shade at ambient temperature for 7 days and immediately subjected to 

extraction. 

 

 
Figure 1 Localization of the collection site of the algal material (MBRS; Marine 

Biology Research Center). 
 

Bacterial strains 

  

The staphylococcal isolates used in this study were originally isolated from meat 

and meat products and molecularly identified as S. aureus at the Department of 
Food Hygiene, Veterinary Medicine, University of Tripoli, Libya. When tested for 

antibiotic susceptibility, their antibiogram revealed that they were MDR, and, with 

the exception of S. aureus 120 (S2), all isolates (S. aureus 119 (S1), S. aureus 121 
(S3), S. aureus 130 (S4), and S. aureus 283 (S5)) were all MRSA (Azawi et al.,, 

2016; Nass et al.,, 2019). 

  

Antibiotics 

  

Amoxicillin (500 mg) was obtained from Bristol Laboratories Ltd/UK, whereas 
amoxicillin/clavulanic acid (Augmentin, 1 g) was obtained from Dar Al Dawa, 

Jordan. The antibiotics were dissolved in 0.01% dimethyl sulfoxide (DMSO). 

  

Extraction and phytochemical screening 

  

A powdered sample of P. fascia was extracted using methanol (99%), with the 
amount of solvent used being twice the mass of the specimens. The crude extract 

obtained after three rounds of extraction over a 72-h period at room temperature 

(25°C–30°C) was filtered through a Whatman-1 filter paper. The extract was 
concentrated on a rotary evaporator (Stuart RE300) at 40°C under reduced 

pressure, and the resultant residue was kept at –20°C until use. 

The qualitative detection of polyphenols, alkaloids, flavonoids, tannins, saponins, 
coumarins, terpenoids, quinones, steroids, and anthraquinones was performed 

according to Kumar et al., (2003). The color intensity of the formed precipitate 

was used as the analytical response in these tests. 
  

Anti-hemolytic activity 

  

The anti-hemolytic activity of the algal extract was tested against human red blood 

cells (RBCs) collected from non-smoking healthy volunteers (Da Silva et al., 

2004). RBCs, which were obtained after centrifugation of whole blood for 10 min 
at 3000 rpm, were washed and re-suspended in saline. One hundred milliliters of 

RBCs were mixed with the algal extract at a concentration of 6.25, 12.5, 25, 50, or 

100 mg/mL to obtain 200 mL of 4% erythrocytes. The contents were incubated at 
37°C for 1 h, centrifuged, and a clear supernatant was obtained. The absorbance of 

the supernatant, which represents the released hemoglobin, was measured at 414 

nm using a UV–visible spectrophotometer (PerkinElmer, LAMBDA 25, USA). 
Absolute (100%) and 0% hemolysis was achieved using 0.1% Triton X-100 and 

normal saline, respectively. Aspirin was used as the negative control. The 

percentage of hemolysis of the algal extract was calculated using the following 
formula: 

% Hemolysis

=  
Absorbance of the sample solution –  Absorbance of saline

Absorbance of 0.1% Triton X − 100 –  Absorbance of normal saline
 𝑥 100 

 
                            

Bacterial strains and culture medium 

  

The antibacterial activity of the methanol algal extract was tested against the five 

strains using the hole-plate diffusion method (Saravanakumar 2009). The extract 

(at a concentration of 250 mg/ml) was added to the wells in triplicate and incubated 

at 37°C for 18 h. The diameters of the inhibition zones (DIZs) were measured, and 
the mean DIZ value from triplicate experiments was calculated. Methanol was used 

as the negative control, and amoxicillin (AML) (40 µg) and amoxicillin/clavulanic 

acid (AMC) (Augmentin; 120 µg) were used as the reference. 
  

Measurement of the minimum bactericidal concentration (MBC) and 

minimum inhibitory concentration (MIC) of the algal extract 

  

The MIC and MBC of the extract were measured using the two-fold microdilution 
agar method. 

Bacterial strains were cultured in Mueller–Hinton broth (MHB) until they reached 

approximately 106 cfu/ml. A serial dilution of the extract was prepared using MHB 
as the diluent to achieve a range of concentrations of 30 to 200 mg/mL. The diluted 

extracts were inoculated with an equal volume of bacterial suspension and 

incubated at 37°C for 18 h. After this incubation, the lowest concentration that 
completely inhibited the growth of the tested bacteria within 24 h was considered 

the MIC, whereas the lowest concentration that prevented any visible growth was 

noted as the MBC. Each test was carried out thrice at separate times. 
  

Antibiotics and extract preparation 

  

The stock solutions of the test materials were prepared by dissolving the methanol 

extract of P. fascia to a final concentration of 125 mg/ml in 0.01% DMSO. 

Similarly, the AML and AMC antibiotics were dissolved in 0.01% DMSO to a 
final concentration of 40 µg/ml and 120 µg/ml, respectively, and used in the assays. 

The working solutions of the tested extract and the antibiotics were prepared by 

calculating the MIC of each one of the stock solutions. The potentiating action of 
the extract-antibiotic combinations used for the treatment of the S. aureus isolates 

was investigated. The following extract-antibiotic combinations were used. C1, 

extract: antibiotic (1:1); C2, extract: antibiotic (1:2); and C3, extract: antibiotic 
(2:1). 

  

Potentiation of antibiotic activity 

  

Two methods were used to evaluate the capability of the P. fascia extract to 

potentiate the effects of the antibiotics against the S. aureus strains: the 
antimicrobial susceptibility test and the bacterial growth inhibition test (viable 

counts of bacteria). 

 
Antimicrobial susceptibility 

 

After culturing bacteria in MHB, the samples were incubated for 17 h at 37°C. Cell 
growth was monitored by measuring the optical density at 600 nm. 

 

Time-kill growth rate (%) 

 

For the viability assay, a bacterial culture was initiated in MHB medium. Each 

sample was inoculated with a bacterial suspension (6 × 108 CFU/mL) to reach the 
MIC. A bacterial culture in MHB alone served as the negative control. The cultures 

were incubated at 37°C with agitation for 0, 40, 80, 120, or 160 min. Subsequently, 

the cultures were diluted 10-fold and spread on Mueller–Hinton agar (MHA). 

Colonies were counted to determine cell viability. Each assay was repeated thrice. 

 

Mode of action of the algal extract 

 

Measurement of the potassium ion released 

 
The potassium ions released from bacteria were measured according to Hao et al., 

(2009). Isolated cells (6 × 108 CFU/mL) were cultured either with the extract (2  

MIC) or solvent (as a negative control) together with the antibiotics at 37°C for 

varying periods. The potassium ion concentration in the culture supernatant was 

measured using a flame photometer. 
 

Determination of nucleotide leakage 

 
The effect of the algal extract regarding cell membrane damage was assessed by 

measuring the nucleotide leakage into the culture supernatant, as per the method 

described by Tang et al., (2008). The extract (1  MIC) or solvent (negative 

control) was added to the bacterial suspension during logarithmic growth (6 × 108 

CFU/mL) and incubated at 37°C for different periods. The amount of nucleotide 

leakage into the culture supernatant was determined by measuring the absorbance 
at 260 nm using a UV spectrophotometer (PerkinElmer LAMBDA 25, USA). 
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RESULTS 

 

Phytochemical analysis 

 

The results of the phytochemical analysis of the algal extract are reported in Table 

1. In the current study, the methanol crude extract of P. fascia was positive for 
polyphenols, flavonoids, alkaloids, saponins, coumarins, and steroids. The 

presence of these bioactive phytochemicals, as detected in this study, indicates a 

wide range of bioactivity applications of the algal extract. 
 

Table 1 Results of the phytochemical screening of P. fascia 

Metabolites P. fascia 

Polyphenols & Tannins ++ 

Flavonoids +++ 

Alkaloids ++ 
Saponins ++ 

Tannins ++ 

Coumarins ++ 
Terpenoids - 

Quinones - 

Steroids +++ 
Anthraquinones - 

 

Qualitative phytochemical screening 

 
The total phenol, tannin, phlorotannin, flavonoid, alkaloid, steroid, and coumarin 

content of the crude methanol extract of P. fascia is presented in Table 2. We found 

that phenols were the most abundant components (1367.44 ± 17.51 mg GAE/g 
dw), followed by phlorotannin (357.60 ± 38.44 mg PhgE/g dw) and flavonoids 

(113.22 ± 0.69 mg RE/g dw), whereas alkaloids (1.55 ± 0.08 mg AE/g dw) were 

the least abundant components of the extract. 
 

Table 2 Mean total content of selected phytochemicals in the P. fascia extract 

Phytochemicals Unit Mean ± SD 

Polyphenols mg GAE/g dw 1367.44 ± 17.51 
Tannins mg GAE/g dw 14.42 ± 0.60 

Phlorotannins mg PhgE/g dw 357.60 ± 38.44 
Flavonoids mg RE/g dw 113.22 ± 0.69 

Alkaloids mg AE/g dw 1.55 ± 0.08 

Steroids mg EE/g dw 89.06 ± 7.87 
Coumarins mg CE/g dw 10.87 ± 0.13 

mg GAE/g dw, milligrams of gallic acid equivalent per gram of dry weight; Phg, 

phloroglucinol; R, rutin; A, atropine; E, estrone; C, coumarin. Data are presented as the mean 

value ± standard deviation (SD) of triplicate readings (n = 3). 

 
Anti-hemolytic activity of the algal extract 

 

The possibly toxic effect of the P. fascia extract was tested on human RBCs (Table 
3). No toxic effect of the extract on RBCs was detected at concentrations that 

yielded antimicrobial activity. Although there was an increase in the hemolytic 
activity as the concentration of the extract increased, and the observation that the 

hemolysis activity of the extract was higher than that of the positive control, these 

results led us to consider that the extract was within the safe level. 
 

Table 3 Anti-hemolytic activity of the P. fascia methanol extract against human 

erythrocytes (HRBCs) 

Concentration (µg/ml) 
Hemolytic activity (%) 

P. fascia Aspirin 

62.5 1.74 ± 0.05 0.57 ± 0.03 
125 2.68 ± 0.08 0.88 ± 0.02 

250 4.73 ± 0.25 1.86 ± 0.01 

500 5.84 ± 0.01 2.87 ± 0.10 

Data are presented as the mean value ± standard deviation (SD) of triplicate 

readings (n = 3). 

 
Antibacterial activity of the algal extract 

 

The primary antibacterial screening of the crude extract showed the presence of 
antibacterial activity against all assayed bacteria, with a range of the inhibition 

zone of 16–21 mm (Table 4). The zone of inhibition was smaller for the extract 

against the assayed strains compared with the positive control, with the exception 
of the S. aureus 130 (S4) strain, the inhibition zone of which was larger than that 

of the positive control. The maximum inhibition zone (21 mm) was observed for 

the extract against S. aureus 283 (S5) (Table 4). 

 

 

 
 

 

 

Table 4 Zone of inhibition (mm) in the primary screening of the P. fascia extract 

against five isolates of Staphylococcus aureus using the disc diffusion method. 

Isolates P. fascia Amoxicillin/Clavulanic Acid Amoxicillin 

S1 18 ± 1.00 19 - 
S2 18.5 ± 1.0 22 - 

S3 16.0 ± 0.00 21 - 

S4 19 ± 0.00 14 - 
S5 21.0 ± 0.00 32 - 

DIZ, diameter of the inhibition zone 

Diameter of the hole, 6 mm 

Data are presented as the mean ± SD, n = 3 

S1, S. aureus 119; S2, S. aureus 120; S3, S. aureus 121; and S4, S. aureus 130; S5; S. aureus 

283 

 

Table 5 lists the MIC and MBC values of the P. fascia extract tested against five 

strains of S. aureus. The extract yielded the same MIC and MBC (50 and 100 
mg/ml, respectively), with the exception of S. aureus 120, which showed a higher 

MIC and MBC (62.5 and 187.5 mg/ml, respectively). The algal extract also 

exhibited broad-spectrum bactericidal activity, with a MBC/MIC ratio <4 on the 
five tested bacterial strains (Table 5) 

 

Table 5 The MIC, MBC, and MIC/MBC ratio of the algal extract against the tested 
bacterial strains 

Isolates MIC* MBC* MBC/MIC 

S119 50 100 2 

S120 62.5 187.5 3 
S121 50 100 2 

S130 50 100 2 

S283 50 001 2 
MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration*mg/ml 

S1: S. aureus 119; S2: S. aureus 120; S3: S. aureus 121; and S4: S. aureus 130; and S5: S. 

aureus 283 

 
Antibacterial activity of three different combinations of the P. fascia and 

amoxicillin 

 
The assayed strains were sensitive to amoxicillin/clavulanic acid (Augmentin) and 

resistant to amoxicillin; therefore, amoxicillin was used to study the ability of the 

extract to modulate the activity of the antibiotics. For this, the algal extract was 

mixed with amoxicillin at three different combination ratios of 1:1 (C1), 1:2 (C2), 

and 2:1 (C3) and was incubated with the assayed strains for 18 h at 37°C. After the 

incubation period, bacterial growth was completely inhibited as the absorption of 
each sample decreased dramatically, indicating the reduction of bacterial growth 

as an effect of the enhancement of the antibacterial activity of amoxicillin afforded 

by the algal extract (Figure 2). 
To confirm the potentiation of the antibiotic activity by the algal extract when the 

antibiotic was combined with the extract, the C1, C2, and C3 combinations were 

subjected to a time-kill growth rate (%) analysis (Table 6). The results pertaining 
to the viable bacterial population (%) of S. aureus strains treated with the algal 

extract alone, amoxicillin alone, and the extract–amoxicillin combination at 

different ratios recorded within 180 min of the treatment are presented in Table 6. 
Generally, the algal extract alone and its combinations (C1, C2, and C3) showed a 

stronger inhibitory activity on all five S. aureus isolates in a time-dependent 

manner. A positive effect on the antibacterial activity of amoxicillin was observed 
when this antibiotic was combined with the extract at different ratios, which 

indicated the ability of the extract to modulate the activity of the antibiotic. 

Compared with amoxicillin, C1 and C3 significantly enhanced the activity of 

amoxicillin, as the percentage of viable bacterial cells reached 0% after 80 min of 

incubation against all assayed staphylococcal isolates. Conversely, C2 yielded a 

slower decrease in the population of viable bacteria, as the rate of the viable 
population reached 0% at 160 min of incubation. 
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Figure 2 Antibiotic-modifying activity of the P. fascia extract in combination with 

the amoxicillin beta-lactam antibiotic. S1: S. aureus 119; S2: S. aureus 120; S3: S. 

aureus 121; S4: S. aureus 130; and S5: S. aureus 283. Amx, amoxicillin; P, P. 
fascia; C1, P:Amx = 1:1; C2, P:Amx = 1:2; C3, P:Amx = 2:1. Each data point is 

the mean ± SD (n = 3). 

 

 
 

Figure 3 Effect of the MIC of the P. fascia extract and its combination with 

amoxicillin on potassium ions (K+) release from S. aureus strains. S1: S. aureus 

119; S2: S. aureus 120; S3: S. aureus 121; S4: S. aureus 130; and S5: S. aureus 
283. Amx, amoxicillin; P, P. fascia; C1, P:Amx = 1:1; C2, P:Amx = 1:2; C3, 

P:Amx = 2:1. Each data point is the mean ± SD (n = 3). 

 

Table 6 Growth inhibition rate (%) of the combination of the P. fascia extract with amoxicillin and of amoxicillin alone against MRSA strains. 

Samples 
Time (min) 

20 40 80 120 160 

S119      

P. fascia extract 17.24 ± 2.00 000.0 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Amx 88.50 ± 2.00 65.63 ± 3.21 74.00 ± 4.00 74.23 ± 3.78 80.13 ± 4.00 

C1 48.00 ± 1.00 17.6 ± 1.00 11.15 ± 0.58 0.00 ± 0.00 0.00 ± 0.00 

C2 20.94 ± 2.52 12.14 ± 2.00 14.87 ± 2.52 2.57 ± 0.58 3.1 ± 1.15 

C3 27.58 ± 2.00 4.8 ± 1.15 4.59 ± 1.00 5.28 ± 1.53 1.1 ± 1.00 

S120      

P. fascia extract 8.00 ± 2.52 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Amx 66.34 ± 3.00 59.3 ± 2.52 65.38 ± 2.00 65.4 ± 2.00 68.28 ± 2.00 

C1 33.65 ± 2.00 .65 ± 2.008 1.00 ± 1.00 0.00 ± 0.00 0.00 ± 0.00 

C2 41.02 ± 1.53 4.80 ± 1.00 3.84 ± 1.00 5.12 ± 0.58 4.80 ± 1.00 

C3 50.00 ± 1.53 13.77 ± 1.53 7.69 ± 1.00 0.00 ± 0.00 0.00 ± 0.00 

S121      

P. fascia extract 15.44 ± 1.53 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Amx 64.88 ± 4.00 88.84 ± 2.00 90.33 ± 2.08 88.37 ± 2.52 68.52 ± 2.52 

C1 44.79 ± 2.52 14.67 ± 2.08 3.47 ± 2.00 0.00 ± 0.00 0.00 ± 0.00 

C2 47.1 ± 3.51 8.1 ± 2.00 7.78 ± 1.53 4.99 ± 2.08 2.31 ± 1.00 

C3 30.89 ± 2.52 10.42 ± 2.00 3.85 ± 1.53 0.00 ± 0.00 0.00 ± 0.00 

S130      

P. fascia extract 6.97 ± 2.52 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Amx 67.00 ± 2.00 65.67 ± 3.06 58.67 ± 1.53 70.67 ± 1.53 0.00 ± 0.00 

C1 52.6 ± 1.53 9.63 ± 1.53 6.97 ± 1.53 0.00 ± 0.00 0.00 ± 0.00 

C2 51.88 ± 2.00 5.18 ± 2.08 7.18 ± 0.58 7.33 ± 1.53 3.33 ± 1.00 

C3 50.00 ± 2.00 9.63 ± 2.08 5.18 ± 1.53 0.00 ± 0.00 0.00 ± 0.00 

S283      

P. fascia extract 33.33 ± 2.52 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Amx 63.51 ± 3.00 61.15 ± 1.53 64.91 ± 2.52 62.9 ± 2.00 57.22 ± 3.51 

C1 43.56 ± 2.53 24.66 ± 2.08 5.77 ± 1.53 6.29 ± 1.00 2.33 ± 2.00 

C2 47.67 ± 1.52 14.07 ± 2.00 8.1 ± 1.53 5.97 ± 1.15 3.3 ± 1.00 

C3 38.32 ± 1.53 6.67 ± 2.08 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
S1: S. aureus 119; S2: S. aureus 120; S3: S. aureus 121; S4: S. aureus 130; and S5: S. aureus 283. Amx, amoxicillin; P, P. fascia; C1, P:Amx = 1:1; C2, 

P:Amx = 1:2; C3, P:Amx = 2:1. Each data point is the mean ± SD (n = 3). 
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Mode of action 

 

Figure 3 depicts the potassium ion (K+) concentration after S. aureus isolates were 

treated with different concentrations of the P. fascia extract in combination with 

an antibiotic from 1 to 12 h. The results indicated that, after treating staphylococcal 

strains with the P. fascia extract combined with amoxicillin (C1, C2, and C3), the 
release of K+ increased significantly in an extract-concentration-dependent 

manner, whereas no noticeable changes in the level of K+ were observed in the 

control sample. The measurement of the UV absorption value at time intervals can 
reflect the degree of cell membrane damage. 

Figure 4 depicts the increase in the level of the intracellular cell constituents, 
including DNA and RNA, released after the incubation of the S. aureus isolates 

with the P. fascia extract at three different concentrations together with amoxicillin 

for 3, 6, 9, and 12 h. S. aureus strains incubated with the P. fascia extract combined 
with amoxicillin showed higher absorption than did the S. aureus strains incubated 

with amoxicillin alone, whereas no obvious changes were observed in the OD260 

values of the control. 
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Figure 4 Effect the MIC of the P. fascia extract and its combination with 

amoxicillin on total nucleotide release from S. aureus strains. S1: S. aureus 119; 

S2: S. aureus 120; S3: S. aureus 121; S4: S. aureus 130; and S5:S. aureus 283. 
Amx, amoxicillin; P, P. fascia; C1, P:Amx = 1:1; C2, P:Amx = 1:2; C3, P:Amx = 

2:1. Each data point is the mean ± SD (n = 3). 

 

DISCUSSION 

 

The search for alternatives to antibiotics has become of paramount importance 
considering the increasing resistance of bacteria to antibiotics. Moreover, although 

the basic and preliminary in vitro characteristics of some of these alternatives have 
been known for some time, these compounds were never exploited for their 

pharmaceutical properties. 

In the current study, qualitative phytochemical screenings of the P. fascia extract 
revealed the presence of phenols, phlorotannins, tannins, flavonoids, alkaloids, 

saponins, coumarins, terpenoids, and steroids. In addition, the quantitative 

screening showed that the extract had a considerable amount of phenolics, 
flavonoids, phlorotannins, and steroids, which agreed with previous findings 

(Akgul et al., 2015; Demirel et al., 2009). 

Recent studies have reported that brown seaweeds have an in vitro antimicrobial 
action against MRSA (Chandrasekaran et al., 2014; Jegan et al., 2019). Our 

previous work showed that different extracts of algae were effective as anti-MRSA 

agents (Alghazeer et al., 2017; Alghazeer et al., 2021). Moreover, previous 

studies demonstrated that the high antibacterial potential observed for brown algae 

against MDR isolates was probably attributable to the presence of various bioactive 

compounds, such as sulfated polysaccharides, peptides, amino acids, lipids, 
polyphenols, flavonoids, and alkaloids (Alghazeer et al., 2017; Gupta and Abu-

Ghannam 2011; Vallinayagam et al., 2009; Alghazeer et al., 2021), furthermore, 

their activity could be directly or indirectly linked to the increase in the activity of 
antibiotics (Lee et al., 2014). In this study, the evaluation of the antimicrobial 

activity of an extract of P. fascia against five isolates of S. aureus was attempted. 

Our results showed that the extract exerted the strongest antibacterial activity on 

S119, S121, S130, and S283 with a MIC of 50 mg/ml, whereas weaker activity 

was observed against S120, with a MIC of 62.5 mg/ml. The extract had a 

bactericidal effect on all tested strains (Table 4). In addition, compared with 

amoxicillin/clavulanic acid (Augmentin), the extract showed weaker activity 
against S1, S2, S3, and S5 and stronger activity against S4 than did 

amoxicillin/clavulanic acid (Augmentin). Conversely, amoxicillin alone had no 

effect on all tested isolates (Table 6). 
Antibiotics are commonly prescribed to treat bacterial infections. However, the 

rampant use of antibiotics has allowed bacteria to develop antibiotic resistance 
because of their high degree of genetic variability, thus rendering the antibiotic 

action ineffective. The emergence of antibiotic-resistant bacteria necessitated the 

exploration of alternative treatments. To overcome drug resistance, different 
combinations of antibiotics against various targets have been used (Sibanda and 

Okoh 2007). In this context, synthetic and natural compounds have displayed 

synergy with different classes of antibiotics. Several studies concluded that the use 
of extracts of natural sources in combination with antibacterial agents enhances the 

activity of the latter by lowering the MIC of antibiotics specific to bacterial strains 

(Betoni et al., 2006; Nafi et al., 2021; Souza et al., 2011). Various bioactive 
chemical compounds have been shown to regulate antibiotic activity against many 

strains of bacteria by negating the antibiotic resistance property of bacteria, thereby 

eliminating plasmids and attenuating the plasma membrane efflux of antibiotics 
(Coutinho-Silva et al., 2009). The current study showed that the efficacy of the 

amoxicillin antibiotic increased against isolates of S. aureus when it was combined 

with the P. fascia extract at different ratios. 
It has been shown that many β-lactam antibiotics can penetrate Gram-positive 

bacteria through protein channels located on the outer membrane, thus allowing 

the drug to easily reach its receptors on the cell wall and exert its bactericidal effect 
(Nikaido 1994). The active components of the extract, including flavonoids, 

alkaloids, tannins, and phlorotannins, may facilitate the penetration of the 

molecules of the antibiotics to be delivered to their intracellular target by 
increasing the membrane permeability while contributing to the cessation of 

bacterial multiplication (Nagayama et al., 2002; Eumkeb and Richards 2005; 

Hierholtzer et al., 2012; Liu 2020; Alghazeer et al., 2021). In this report, Gram-
positive strains were sensitive to the combination of the P. fascia extract with 

amoxicillin at three different ratios (Figure 2). All combination samples 

significantly increased the activity of the antibiotic by increasing the membrane 

permeability, which was demonstrated by the increase in the amount of 

intracellular constituents released (Figures 3 and 4); in turn, this led to a reduction 

in the growth rate of the bacteria, which could be explained by the inhibition of the 
biomolecules that are required for bacterial cell membrane synthesis via alignment 

with a penicillin-linked protein. This results in the inhibition of the transpeptidase 

property and consequent inhibition of peptidoglycan synthesis (Tenover 2006). 
 

CONCLUSIONS 

 
The research focusing on marine algae should be expanded by contributions from 

researchers from different disciplines, to address the possibility of their use to solve 

the issue of resistant bacterial strains and their application as therapeutic agents 
against infectious diseases. 
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