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Abstract

The global threat to treatment of infections associated with multidrug-resistant microorganisms as well as side effects
associated with combination therapy calls for the urgent development of new medicines to address these challenges.
Endophytic fungi are efficient bio synthesizers and offer a wide array of these reliable bioactive compounds. The present
study is aimed at evaluating the effect of combined extracts of endophytic fungi isolated from the leaves
of Musa paradisiaca against multidrug-resistant Staphylococcus aureus (MRSA) strains. Screening for multidrug
resistance was carried out using the Kirby-Bauer disc diffusion assay followed by a preliminary assay of endophytic
fungal extracts bioactivity using agar diffusion assay against selected MRSA. A synergistic study using checkerboard
assay technique was performed, then extracts were subjected to quantitative evaluation of secondary metabolites using
Gas Chromatography with Flame lonization Detector. Axenic cultures of five endophytic fungi from M. paradisiaca
(EMp1-Emp5) were isolated from the sampled leaves. All the endophytic fungal extracts inhibited the growth of all the
multi-drug resistant Staphylococcus aureus at 0.5 mg/mL. Varying inhibition zones that were concentration-dependent
were observed. The combined effects of EMp3 and EMp5 extracts at9:1; 8:2; 4:6; 3:7; and 2:8
combination ratios produced synergistic effects againstS. aureus (S18)with very low Fractional inhibitory
Concentrations of 0.03:0.01, 0.01:0.01, 0.006:0.02, 0.01:0.04 and 0.01:0.1 mg/mL respectively. Several bioactive
secondary metabolites such as anthocyanin, (-) epicatechin, naringenin, resveratrol, catechin, rutin, phenol were
produced by the fungal endophytes. Our findings further affirm fungal endophytes associated with M. paradisiaca leaves
as producers of natural antibacterial agents with synergistic potentials.

Keywords: Antimicrobial Activity; Endophytic fungus; Multidrug-resistant Staphylococcus aureus; Musa paradisiaca;
Secondary metabolites; Synergistic activity

1. Introduction

The joy of the advent of antibiotics is threatened to be cut short by the emergence of antibiotic-resistant strains of
infectious microorganisms, especially bacteria. This brought about increased activity-guided development of newer
pharmaceuticals against these resistant pathogens.
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One of these resistant strains is the Methicillin-resistant Staphylococcus aureus (MRSA). They have been implicated as
the causative agent for certain minor skin infections, life-threatening infections, such as; pneumonia, meningitis,
postoperative infection, septicemia, and toxic shock syndrome [1]. MRSA is now responsible for more deaths per year
in the United States than HIV [2]. The added healthcare costs for fighting MRSA infections are in the billions of dollars
per year worldwide. Plus, the danger of not having effective antimicrobial therapy available is imminent, necessitating
the development of a potent antibiotic. The quest to develop an active medicinal principle has cut across many paths,
but the most used path remains the route from a natural product.

Natural products (plants, animals, etc.) are the primary source of active medicinal principle, it is the backbone of
traditional medicine, and this has been the basis of its exploration and exploitation in the development of modern
medicine [3]. Most studies have attributed this group of microbes as major producers of secondary metabolites that are
of biological importance and a potential source of natural lead agents for exploitation in the pharmaceutical industry [4,
5, 6, 7]. Natural products and health has come a long way, but the advent of drug-resistant makes it imperative that
efforts are intensified in the quest for new drugs to tackle the resistant strains.

In the present study, five endophytic fungi were isolated from healthy leaves of the medicinal plant Musa
paradisiaca, and their metabolic products were extracted with ethyl acetate and each crude extract was screened for its
antibacterial activity against multidrug-resistant Staphylococcus aureus.

2. Material and methods

2.1. Cultivation, isolation, Fermentation and extraction of secondary metabolites

Axenic cultures of each of the unidentified (EMp1, EMp2, EMp3, EMp4, EMp5) endophytic fungus isolated from the
leaves of Musa paradisiaca (Figure 1) were grown on Malt Extract Agar (MEA) following the cultivation, isolation, and
purification procedures described by [6]. Then, each was subjected to solid-state fermentation in a 1L Erlenmeyer flask
containing autoclaved rice medium (100 g of rice and 200 mL of distilled water) [6]. Each fermentation flasks was
inoculated with agar blocks containing the fungus and incubated under static conditions at 28°C for 21 days [6]. After
fermentation, the secondary metabolites were extracted using 500 mL ethyl acetate and then concentrated under a
vacuum at a reduced temperature of 40 °C using a rotary evaporator [7].

2.2. Test isolates

Pure cultures of nineteen (19) Staphylococcus aureus strains (S1-S19) for the in-vitro antimicrobial assay were provided
by the Department of Pharmaceutical Microbiology and Biotechnology, Faculty of Pharmaceutical Sciences, Nnamdi
Azikiwe University Awka-Nigeria and were re-identified combining macroscopic, microscopic (Gram staining
technique), and specific biochemical tests such as catalase, oxidase, starch hydrolysis and indole tests [8].

2.3. Antibiotics susceptibility testing

The susceptibility tests were performed following the method M2A6 disc diffusion method as recommended by the
National Committee for Clinical Laboratory Standards [9] using Mueller Hinton agar.

Standard microbial suspension corresponding to 0.5 McFarland turbidity standard of each test organism was made in
3 ml sterile nutrient broth inoculating with a single colony. The suspensions were incubated for 3 hour at 37 °C to allow
for the growth of the test organism till the density was equivalent to the turbidity of 0.5 McFarland.

The standardized bacteria suspensions were swabbed onto sterile Mueller Hinton Agar (MHA) plates using sterile
swabs and the multi discs: ceftazidime (30 pg; microgram); cefuroxime (30 pg); gentamicin (10 pg); ceftriaxone (30 pug);
erythromycin (5 pg); cloxacillin (5 pg); ofloxacin (5 pg); augmentin (30 pg), (Abtek, UK) were aseptically placed on the
inoculated plates and pressed firmly onto the agar plate for complete contact. The Plates were inverted and left on the
workbench for 30 min to allow for pre-diffusion of antibiotics into the agar then incubated at 37°C for 18-24 h. The
susceptibility of each isolate to each antibiotic was shown by a clear zone of growth inhibition and this was measured
in millimeters using a meter rule and the diameter of the zones of inhibition was then interpreted using a standard chart
[9, 10]. Each isolate was tested in triplicate.

2.4. Preliminary bioassay

The antimicrobial assay for each of the fungi crude extract (EMp1-EMp5) was carried out using the agar well diffusion
assay as described by [6]. The antimicrobial activities of the endophytic fungi extracts were tested against three (3)
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multidrug-resistant Staphylococcus aureus strains previously confirmed through the antibiotic sensitivity profiling.
They include Staphylococcus aureus 1 (S14), Staphylococcus aureus 2 (S17), and Staphylococcus aureus 3 (S18). A 0.5
McFarland standard bacterial suspensions of each of the multidrug-resistant test strains was prepared and these formed
the bacteria stock solutions used in the agar well diffusion assays as outlined below.

2.5. Agar well diffusion assay

Briefly in the method, “the media i.e Mueller-Hinton Agar (MHA) was prepared and treated according to the
manufacturer’s specification. The sterile MHA plates were inoculated with the test culture by seeding method. Here, 0.1
mL of each of the previously standardized cultures was transferred into an empty sterile plate and 20 mL of the molten
agar that has been cooled to 50 °C was added and then mixed thoroughly by swirling clock wisely and anti-clockwise to
ensure even distribution of the organism. This was done to obtain uniformity of each inoculum. A sterile cork borer was
used to make five wells (8 mm in diameter) on each of the MHA plates. Aliquots of 80 pl (microliter) of each extract
(EMp1-EMp5) dilutions, reconstituted in DMSO at concentrations of 1, 0.5, 0.25, 0.125, and 0.0625 mg/mL (milligram
per milliliter) for each of the extracts were applied in each of the wells in the culture plates previously seeded with the
test organisms. Ciprofloxacin (10 pg/mL) and DMSO served as the positive and negative controls respectively. The
cultures were left on the bench for 15 min, for pre-diffusion to occur before they were incubated at 37°C for 18-24 h to
allow for the growth of microorganisms. The antimicrobial potential for each endophytic fungal extract was determined
by measuring the zone of inhibition around each well (excluding the diameter of the well). This was performed in
triplicates and the antimicrobial potential was expressed as an average of the inhibition zone diameter” [6].

2.6. Synergistic study

Checkerboard assay was employed for the evaluation of interactive inhibition of the extracts of EMp3 and EMp5 against
the most resistant Staphylococcus aureus (518) in the preliminary evaluation [11]. First, “separate solutions of the
endophytic fungal extracts were prepared in DMSO, each solution containing twice its Minimum Inhibitory
Concentration (MIC). Thereafter, the solutions were combined in different ratios, adopting the continuous variations
model. Each combination was then diluted using two-fold serial dilution up to 5 dilutions in sterile Pyrex test tubes. An
aliquot of 80 pL corresponding to 0.08 mL of each of the serially diluted dilutions was transferred into a corresponding
well (8 mm) in a sterile MHA plate previously seeded with 0.5 McFarland standard of the test organism. The plates were
incubated at 37°C for 18-24 h. The fractional inhibitory concentration (FIC) of each combination ratio was determined
using equation 1.1” [11].

A N B’
B

FIC Index =

Where, A’ and B’ represent minimal concentrations of extracts A and B having inhibitory effects when acting together,
while A” and B” stand for the respective MICs of the extracts. The FIC Index is interpreted as synergism if its value is less
than 1.0: additivity if it is equal to 1.0: indifference if more than 1.0: and antagonism if more than 2.0.

2.7. Detection of phytochemicals, (Quantitative evaluation of secondary metabolites present in the extract) by
GC-FID

2.7.1. Sample preparation

For each endophytic fungal extract (EMp1-EMp5), 20 g was weighed and transferred into a test tube and 15 ml of hexane
was added. The test tube was allowed to react in a water bath at 60°C for 60 min. After the reaction time, the reaction
product contained in the test tube was transferred to a separator funnel. The tube was washed successively with 20 ml
of ethanol, 10 ml of cold water, 10 ml of hot water, and 3 ml of hexane, which were all transferred to the funnel. These
solutions were combined and washed three times with 10 ml of 10%v/v ethanol aqueous solution. The solution are
dried with anhydrous sodium sulfate and the solvent was evaporated. The sample was solubilized in 1000 pl of hexane
of which 200 pl was transferred to a vial for further analysis [12].

The analysis of secondary metabolites was performed on a BUCK M910 Gas chromatography equipped with a flame
ionization detector. A RESTEK 15 meter MXT-1 column (15 m x 250 um x 0.15um) was used. The injector temperature
was 280 °C with a splitless injection of 2 pl of sample and a linear velocity of 30 cms-1, Helium 5.0 pa.s was the carrier
gas with a flow rate of 40 mlmin-1. The oven operated initially at 2000 c, then heated to 3300 c at a rate of 30 ¢ min-1
and was kept at this temperature for 5 min. the detector operated at a temperature of 3200. Phytochemicals were
determined by the ratio between the area and mass of internal standard and the area of the identified phytochemicals,
the concentration of the different phytochemicals were expressed/quantified in pg/g [12].

54



Magna Scientia Advanced Research and Reviews, 2023, 09(01), 052-060

2.8. Statistical analysis

The results were expressed as mean * standard deviation. All measurements were done in triplicate (n = 3)

3. Results and discussion

Table 1 Antibiotic susceptibility profiles

Isolate |Antibiotics (ug) / Inhibition Zone Diameter (mm)
code CAZ (30) |CRX(30) |GEN (10) |CTR(30) |ERY(5) |CXC(5) |OFL(5) |AUG (30)
S6 S1 11+0 0+0 19+0.7 0+0 0+0 0+0 19+0 00
S7 S2 0+0 0+0 25+0.8 0+0 0+0 0+0 30+0.8 00
S11 S3 0+0 0+0 19+0.4 0+0 0+0 0+0 2240 00
S15 54 0+0 0+0 17+0.7 0+0 16+0 0+0 12+0 00
S18 S5 0+0 0+0 8+0.5 0+0 11+0.7 0+0 15+0.7 0+0
S22 S6 0+0 0+0 20+£0.9 15+0 0+0 0+0 200 00
S24 S7 0+0 0+0 20£0.7 0+0 0+0 0+0 20£0.7 00
S31 S8 0+0 0+0 22+0.7 0+0 12+0.9 0+0 20+0.8 0+0
S45 S9 0+0 0+0 19+0 0+0 17+0.8 0+0 25+0 0+0
S49| S10 0+0 0+0 18+0.6 23+0.4 0+0 0+0 20+0.6 00
S61| S11 0+0 0+0 16+0.7 0+0 0+0 0+0 21+0 00
S63| S12* 0+0 0+0 9+0.8 0+0 0+0 0+0 21+0 00
S70| S13 0+0 0+0 24+0 0+0 0+0 0+0 2+0 00
S74| S14 0+0 0+0 10+0.7 0+0 0+0 0+0 11+0 00
S75| S15 0+0 0+0 18+0 0+0 0+0 0+0 10+0.7 0+0
S77| S16 0+0 0+0 11+0.7 0+0 16+0 0+0 12+0.8 0+0
S80| S17* 0+0 0+0 10+0 0+0 0+0 0+0 9+0 0+0
S93| S18* 0+0 0+0 10+0 0+0 0+0 0+0 10+0 0+0
S94| S19 11+0 9+0.8 21+0 1840 0+0 0+0 22+0 9+0

Key: CAZ: ceftazidime; CRX: cefuroxime; GEN: gentamicin; CTR: ceftriaxone; ERY: erythromycin; CXC: cloxacillin; OFL: ofloxacin; AUG: augmentin

Figure 1 Multidrug resistance pattern of Staphylococcus aureus (S12) to selected antibiotics
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Table 2 (a) Antibacterial effect of extract emp1 against the mdr-S. aureus

Test organism | Concentration (mg/mL) / Inhibition Zone Diameter (mm)

S12
S17
S18

1 0.5 0.25 0.13 0.06 A= DMSO | Cipro ‘
50 3+0 2+0.7 | 2+0.7 | 00 0+0 13+0
3+0 | 2+0.7 210 2+0.7 | 00 0+0 13+0 ‘
50 4+0 210 0+0 0+0 0+0 12+0

Key: EMp1: Endophytic fungus 1 from M. paradisiaca; S: Staphylococcus aureus; DMSO: negative; Ciprofloxacin 10 mg/ml: Positive control

Table 2 (b) Antibacterial effect of extract emp2 against the mdr-S. aureus

Test organism | Concentration (mg/mL) / Inhibition Zone Diameter (mm)

S12
S17
S18

1 0.5 0.25 0.13 | 0.06 DMSO | Cipro ‘
60 5+0 4+0.7 2+0 |00 0+0 130
5+0 30 2%0 20 | 0%0 0+0 13+0 ‘
6+0.7 | 5+0.7 4+0 4x0 4+0.7 |00 12+0

Key: EMp2: Endophytic fungus 2 from M. paradisiaca; S: Staphylococcus aureus; DMSO: negative; Ciprofloxacin 5mg/ml: Positive control

Table 2 (c) Antibacterial effect of extract emp3 against the mdr-S. aureus

Test organism | Concentration (mg/mL) / Inhibition Zone Diameter (mm)

S12
S17
S18

1 0.5 0.25 0.13 0.06 |DMSO Cipro ‘
60 | 5£0.7 | 4x0.7 20 0+0 0+0 13+0
4x0 3+0 00 0+0 00 0+0 130 ‘
5+0 | 4+0.7 | 320.7 | 3+0.7 | 00 0+0 10+0

Key: EMp3: Endophytic fungus 3 from M. paradisiaca; S: Staphylococcus aureus; DMSO: negative; Ciprofloxacin 5 mg/ml: Positive control

Table 2 (d) Antibacterial effect of extract emp4 against the mdr-S. aureus

Test organism | Concentration (mg/mL) / Inhibition Zone Diameter (mm)

S12
S17
S18

1 0.5 |0.25 0.13 0.06 |DMSO |Cipro ‘
60 4+0 00 0+0 00 0+0 13+0
3£0.7 | 3+0 | 2+£0.7 | 2x0.7 | 00 0+0 13+0 ‘
4+0.7 | 420 3+0 0+0 00 0+0 12+0

Key: EMp4: Endophytic fungus 4 from M. paradisiaca; S: Staphylococcus aureus; DMSO: negative; Ciprofloxacin 5 mg/ml: Positive control
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Table 2 (e) Antibacterial effect of extract emp5 against the mdr-S. aureus

Test organism | Concentration (mg/mL) / Inhibition Zone Diameter (mm)

1
S12 60
S17 60
S18 8+0

0.5 0.25
50 00
5+0 | 5x0.7
50 4+0

0.13 | 0.06
0+0 0+0
4+0 0+0
0+0 0+0

DMSO
0+0
0+0
0+0

Cipro ‘
13+0
13+0 ‘
12+0

Key: EMp5: Endophytic fungus 5 from M. paradiasca; S: Staphylococcus aureus; DMSO: negative; Ciprofloxacin 5Smg/ml: Positive control

Table 3 Synergistic effect of emp3 and emp5 fungal extracts against multidrug-resistant Staphylococcus aureus (s18)

Combination ratio |MICa |MICb |[FICIndex |Remark
9:1 0.03 | 0.01 0.58 SYN
8:2 0.01 | 0.01 0.24 SYN
7:3 0.09 | 0.008 2.12 ATA
6:4 0.05 | 0.04 1.05 IND
5:5 0.07 | 0.13 2.17 ATA
4:6 0.006 | 0.02 0.25 SYN
3:7 0.01 | 0.04 0.47 SYN
2:8 0.01 0.1 0.93 SYN
1:9 0.001 | 0.03 0.23 ATA

Key: MICa: MIC of the most effective combination of EMp3: MICb: MIC of the most effective combination of EMp5: FIC Index < 1.0 is synergism
(SYN); FIC Index = 1.0 is additivity (ADD); FIC Index > 1.0 is indifference (IND); FIC Index >2.0 is antagonism (ATA)

Table 4 Quantitative determination of the secondary metabolites present in the endophytic fungal extracts

Secondary metabolites | Concentration of secondary metabolites (ng/mL)
EMp1 EMp2 EMp3 EMp4 EMp5
Proanthocyanin 0.0977 - - 1.8014 -
Naringin 2.6073 - 1.7791 | 3.3621 | 2.9457
Anthocyanin 27.4182 | 4.1867 - 28.0677 -
Sapogenin 8.8729 4987 | 32.3649 | 10.2977 -
Phenol 38.4845 |11.5591| 34.4970 | 97.8189 | 44.3596
Flavonones 8.2861 - - 9.1885 -
Steroids 9.0728 - 4.6026 | 10.0338 | 12.0374
Epicatechin 17.8974 - - 18.9908 -
Kaempferol 1.9517 - 7.7897 | 2.4070 | 4.6261
Flavone 9.0068 | 1.5407 - 2.8991 | 2.1337
Naringenin 2.2154 - 1.2595 | 2.4049 | 0.9089
Resveratol 24966 |13.0016 - 3.3606 -
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Tannin 15.8736 | 7.9873 | 12.4117 | 15.8309 | 11.1164
Rutin - 3.8897 | 1.7863 - 3.0526
Phytate - 0.0085 | 1.7430 1.9079 2.2971
Catechin 9.6756 | 17.897 | 38.0966 - 49.7357
Flavan-3-ol - - - 10.7395 -

Total 192.6802|47.9379 |158.1092 | 265.8639 | 148.6186

EMp: Endophytic fungus isolated from Musa paradisiaca leaves

Table 5 Lists of major constituents identified in the extracts of endophytic fungi isolates

Identified compound | Reported biological activity References
Naringin Antibacterial 13

Quinine Antioxidant, Antimicrobial 14
Sparteine Anti-inflammatory. Anticonvulsant, Antiarrhythmic | 15

(-) Epicatechin Antimicrobial, Antioxidant, Anticancer 16
Kaempferol Antitumor, Antioxidant, Anti-inflammatory 17,13
Naringenin Antimicrobial (anti-Staphylococcal), Antioxidant 18
Resveratrol Anticancer, Antimicrobial 18

Catechin Antimicrobial, Antioxidant, Anticancer 16,17, 19,
Rutin Anti-inflammatory 13

Following the cultivation of the healthy plant samples of M. paradisiaca, five (5) axenic endophytic (EMp1-EMp5) fungi
were isolated and purified on MEA. Antibiotic sensitivity profiling of the nineteen S. aureusrevealed three
(Staphylococcus aureus 1 (S12), Staphylococcus aureus 2 (S17), and Staphylococcus aureus 3 (S18).) to be multidrug-
resistant (Table 1).

The S. aureus strains used in this study responded differently to the selected test antibiotics used in Table 1. Varying
degrees of resistance by the different strains to the antibiotics were recorded: ceftazidime: 17/19 (89.5 %); cefuroxime:
18/19 (94.7 %); ceftriaxone: 16/19 (84.2 %); erythromycin: 14/19 (73.7 %); cloxacillin: 19/19 (100 %); augmentin:
18/19 (94.7 %) Table 1. While all the strains resisted the effect of cloxacillin. However, total (100 %) susceptibility of
all the strains was observed for gentamicin and ofloxacin respectively Table 1. Taking a critical observation of the
sensitivities of the different strains, S12, S17, and, S18 were the most resistant strains. Thus, were selected for the
preliminary antibacterial evaluation of endophytic fungal extracts.

The preliminary antibacterial assay showed that all the extracts demonstrated good activity against all the multi-drug
resistant Staphylococcus aureus (Table 2a-e). The activities varied among the endophytic fungal extract as well as the
sensitivities to the extracts by the resistant strains Table 2(a-e). Also, the recorded antibacterial activities of each of the
endophytic fungal extracts were observed to be concentration-dependent. The EMp1 extract at a concentration of 1
mg/mL produced inhibition zones of 5, 3, and 5 mm against the multidrug-resistant isolatesS12, S17,
and S18 respectively. At 1 mg/mL EMp2 extract produced inhibition zones of 6, 4, and 5 mm against S12, S17,
and S18 respectively. Also, EMp3, EMp4, and EMp5 demonstrated a good antibacterial effect with inhibitions zones of
6, 6, 5 mm against S12; 3, 6, 3 mm against S17 and 4, 8, 5 mm against S18.

The EMp1 fungal extract was the most active amongst the extracts tested inhibiting the resistant strains with minimum
inhibitory concentrations that ranged between 0.06 - 0.13 mg/mL. Similarly, [1] and [20] recorded minimum inhibitory
concentrations of endophytic fungi extract of 0.032 - 0.25 and 0.032 - 0.512 mg/mL respectively against some
multidrug-resistant S. aureus.
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3.1. Synergistic study

A combination of EMp3 and EMpb5 extracts against the most resistant Staphylococcus aureus (S18) produced synergistic
effects (Table 3) observed for some combination ratios. The result showed that the EMp3 and Mp5 inhibited the
resistant organism at very low concentrations

The combined effect of EMp3 and EMp5 against multidrug-resistant Staphylococcus aureus (S18) was synergistic. The
FICIs that were synergistic are presented in Table 3. The combination of EMp3 and EMp5 fungal extracts in the ratios
9:1; 8:2; 4:6; 3:7; and 2:8, produced synergistic effect with MIC’s of 0.03:0.01, 0.01:0.01, 0.006:0.02, 0.01:0.04 and
0.01:0.1 mg/mL respectively. The combination of both endophytic fungal extracts had synergistic effects against the
multidrug-resistant S. aureus at very low (MIC) concentrations. However, antagonistic effects were observed at
combination ratios of 7:3; 5:5, and 1:9.

Overall, synergism was the most recorded effect when both endophytic fungal extracts were combined against the
multidrug-resistant S. aureus. Thus, confirmed the chemical compatibility, potentiation, and synergistic effects of the
secondary metabolites present in the endophytic fungal extracts combined.

The Quantitative determination of the secondary metabolites present in the endophytic fungal extracts (EMp1-EMp5)
identified some bioactive secondary metabolites that may have produced the micro-biostatic effects recorded (Table 4
& 5). These include flavonoids: anthocyanin [13], (-) epicatechin [16], naringenin [18], resveratrol [18], catechin [16,
17, 19], rutin [13], and phenol reported to have several biological activities such as antibacterial [6, 21, 13], antifungal
[13], and antioxidant [22]. The identified bioactive secondary metabolites when isolated, purified, and developed into
new combination chemotherapeutic (medicines) agents may yield a positive outcome when used in the treatment of
infections caused by multidrug-resistant S. aureus.

4., Conclusion

Endophytic fungi isolated from the leaves of M. paradisiaca have expressed their metabolic capabilities through the
biosynthesis of some interesting secondary metabolites with synergistic potentials against pathogenic strains and
proven to be reliable producers of these bioactive secondary metabolites. Our study therefore showed that fungal
endophytes from M. paradisiaca are producers of chemically compatible bioactive compounds capable of producing
synergistic effects against disease-causing resistant microorganisms, and also prove that bioprospecting bioactive
compounds of endophytic fungi associated with medicinal plants provides a huge opportunity of isolating chemically
compatible chemotherapeutic agents.
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