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ABSTRACT 

A total of 3750 tissue segments (leaf, petiole and stem) of a medicinal plant, Salvadora oleoides from five different collection sites of Haryana, India 

were processed for isolation of fungal endophytes and 27 species belonging to 18 fungal genera were recovered. Seventeen culturable fungal 

endophytes were extracted with the three solvents in the order of polarity; (acetone, methanol and water). Crude extracts were screened for 

antioxidant activities by six potential assays, out of which four fungal endophyte (Aspergillus sp.JPY2, Aspergillus sp.JPY1, Penicillium chrysogenum, 

Phoma sp.) extracts have shown positive activity. The antioxidant potencies of acetonic extracts of all fungi were found to be superior to the 

methanolic and aqueous extract. The scavenging activities of the extracts were in a concentration dependent fashion. The Phoma sp. acetonic extract 
showed super oxide radical scavenging activity with IC50 value of 953µg/ml. The crude extracts here showed the moderate reducing power and 

ferrous ion chelating activity. Preliminary phytochemical screening of these four fungal endophytes acetonic, methanolic and water extracts 
revealed the presence of alkaloids, flavanoids, saponins, carbohydrates, tannins, sterols and terpenoids. Moreover, our results indicate that the 

acetonic extract of Aspergillus sp.JPY1 and Phoma sp. have good margin of safety and did not shown any lethal effects on the animals up to the doses 

of 1000mg/kg. This is the first report on antioxidant activities of endophytic fungi isolated from S. oleoides, an endangered species. 
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INTRODUCTION 

Antioxidants have become the topic of interest recently. 

Antioxidants act as radical scavengers, and inhibit lipid peroxidation 

and other free radical mediated processes; therefore, these are able 

to protect the human body from several diseases attributed to the 

reaction of radicals. Use of synthetic antioxidants to prevent free 
radical damage has been reported to involve toxic side effects thus 

necessitating the search for natural antioxidants and free radical 

scavengers1. Clinical trials and epidemiological studies have 

established an inverse correlation between the intakes of fruits and 

vegetables and the occurrence of diseases such as inflammation, 
cardiovascular disease, cancer and age related disorders2. Dietary 

antioxidants, including polyphenolic compounds, vitamin E and C 

are believed to be the effective nutrients in the prevention of these 

oxidative stress related diseases3. 

It appears that all higher plants are hosts to one more endophytic 

microbes but one of the least studied biochemical systems in nature 

is the relationship between organisms and their plant hosts4. 

Endophytes are fungi or bacteria residing inside healthy plant 

tissues without any discernible infectious symptoms5. This group of 

microorganisms were poorly investigated group; they represent an 

abundant and dependable source of novel bioactive compounds with 

huge potential for exploitation in a wide variety of medicinal, 

agriculture and industrial areas6. Globally, there are at least one 

million species of endophytic fungi in all plants7, which can 

potentially provide a variety of structurally unique, bioactive natural 

products such as alkaloid, benzopyranones, chinones, flavanoids, 

phenols, steroids, tetralones, xanthones and others5. 

As part of ongoing efforts towards finding novel antioxidant from 

natural resources, we investigated the antioxidant potential of 

fungal endophytes associated with a traditional medicinal plant, 

Salvadora oleoides. This plant is an endangered (regional vulnerable) 

economic plant commonly known in India as meetha jaal7. It is oil 

yielding medicinal and multipurpose tree8. The leaves of Salvadora 

oleoides are used to relieve cough and for treatment of enlarged 

spleen and fever. The leaves of S. Oleoides are said to possess anti-

inflammatory, analgesic and antiulcer activity9. However, the 

endophytes of this plant and their medicinal values have not been 
investigated.  

We have isolated the fungal endophytes associated with S. oleoides. 
The leaves, petiole and stem samples were sampled thrice in the 

season from five different districts of Haryana. 27 different fungal 

species were recorded and out of these 17 culturable fungal 

endophytes were evaluated for antioxidant activities by different 

tests that have been important in assessing the antioxidant activity. 
Furthermore, we estimated the preliminary phytochemical 

screening of these extracts of fungal endophytes. This research will 
be helpful for searching new effective antioxidants from the fungal 

endophytes associated with this medicinal plant. 

MATERIALS AND METHODS 

Collection of S. oleoides Samples 

Fresh and healthy leaves and stem samples of S. oleoides plants were 

collected from five different sites: site-1(Jhajjar district), site-
2(Rohtak district), site-3 (Rewari district), site-4 (Bhiwani district) 
and site-5( Mahendergarh district) located in the southern belt of 

Haryana state (27°37' to 30°35' N latitude and between 74°28' and 

77°36' E longitude), India. A total of 25 trees were examined, from 

each tree 10 leaves, 10 petioles and 10 stem samples were analyzed. 
Collections were made during summer (April to June), rainy (July to 

September) and winter season (December to February) from each 
site in 2008-2010. The collected samples were placed in sterile 

plastic bags and returned to the laboratory on the same day and kept 

at 4ºC until the next morning for the isolation of endophytes. 

Isolation and Extract Preparation of Fungal Endophytes 

Endophytes were isolated from various plant tissues following 
protocol10 of Fisher et al. (1993) with some minor modifications. In 

brief: plant specimens were thoroughly washed in running tap 
water. All samples were surface sterilized by dipping in 75% ethanol 

for 1 minute, followed by 5% sodium hypochlorite for 3 minutes, 

and finally 75% ethanol for 30 seconds. The Surface sterilized 

samples were washed thrice with sterile distilled water. The surface 
sterilized samples leaf and stem were cut into small segments. The 

leaf was cut into three pieces apical, middle and basal parts of size 7 
mm × 5mm and the stem was cut into 5mm pieces. The plant 
segments were then transferred to Potato Dextrose Agar (PDA) Petri 

plates amended with 150 mg/L streptomycin to inhibit bacterial 
growth. Plates were incubated at 26±1ºC for a week.  

The endophytes were mass cultured on PDB and the mycelium were 
collected and dried. The dried powdered materials (100g) were then 

extracted with 1000ml of organic solvent (acetone, methanol and 
water) by using cold percolation for 24 hours. The obtained extract 
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was then filtered by using Whatman No. 1 filter paper and then 

concentrated under vacuum at 400C by using a rotary evaporator. 
The extract was then lyophilized (Allied Frost lyophilizer) to 

powdered form at -550C under vacuum conditions. 

Identification of the Fungal Endophytes 

Pure cultures were examined periodically. Fungal identification 
methods were based on the morphology of the fungal culture colony 

or hyphae and the characteristics of the spore. Temporary mounts of 
the fungi were made in lacto phenol cotton blue. The fungi were 

identified using relevant keys and taxonomic notes from various 

standard manuals. Moreover, the species of Aspergillus and 
Penicillium were identified by growing on Czapek’s Dox agar for 

clear resolution. However, some of the fungal isolates were not 
distinctly identified by morphology so some of the fungal 

endophytes were identified molecularly using nuclear ribosomal 
DNA sequences including both (ITS1 and ITS4). DNA was extracted 

using Fungal DNA kit (Nucleospin). Purified DNA was subjected to 
PCR amplification using primers ITS1 and ITS4 which produce 
amplicons of approximately 500-600 bp of ITS region. The sequence 

data were analyzed using the BLAST software available at the 
National Centre of Biotechnology Information (NCBI) website to 

determine their identity. The phylogenetic trees were constructed 
using BLAST pair wise alignments in MEGA4. 

Antioxidant Potential Assays 

Reducing Power Assay  

The reductive potential of the extract was determined according to 
the method of Oyaizu (1986)11. Different concentrations of extracts 

and standard (0.2, 0.4, 0.6, 0.8, 1.0 mg/ml) in 1 ml of distilled water 
was mixed with phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and 

potassium ferricyanide (2.5 ml, 1% w/v) was added to the mixture, 
which was then centrifuged for 10 minutes at 1000g. The upper 
layer of solution (2.5 ml) was mixed with distilled water (2.5 ml) and 

FeCl3 (0.5 ml, 0.1% w/v) and the absorbance was measured at 700 
nm in a spectrophotometer. High absorbance value of the reaction 

mixture indicates greater reductive potential.  

Metal Chelating Activity 

The chelating activity of the extracts for ferrous ions Fe2+ was 
measured according to the method of Dinis et al., (1994)12. To 

investigate 0.5 ml of extract, 1.6 ml of deionised water and 0.05 
ml of FeCl2 (2 mM) was added. After 30s, 0.1 ml ferrozine (5 mM) 

was added. Ferrozine react with the divalent iron to form stable 
magenta complex species that were soluble in water. Then after 

10 min at room temperature, the absorbance of the Fe2+ –

Ferrozine complex was measured at 562 nm. All test and 
analyses were done in triplicate and the percentage of inhibition 

of ferrozine-Fe2+ complex formation was calculated using the 
formula given below.  

PI = A (Control) – A (Sample or Standard)/ A (Control) × 100.  

Where A (Control) = Absorbance of control reaction  

A (Sample or Standard) = Absorbance of sample extract or standard  

Superoxide-Radical Scavenging Assay 

The scavenging activity of extracts towards superoxide anion 
radicals was measured by the method of Liu et al., (1997)13. The 

superoxide anions were generated in a non- enzymatic 

phenazine methosulfate-nicotinamide adenine dinucleotide 

(PMS-NADH) system through the reaction of PMS, NADH, and 
oxygen. It was assayed by the reduction of nitroblue tetrazolium 
(NBT). In these experiments the superoxide anion was generated 

in 3 mL of Tris-HCl buffer (100 mM, pH 7.4) containing 0.75 ml 
of NBT (300 μM) solution, 0.75 ml of NADH (936 μM) solution 

and 0.3 ml of different concentrations of the extract. The 

reaction was initiated by adding 0.75 ml of PMS (120 μM) to the 

mixture. After 5 min of incubation at room temperature, the 
absorbance at 560 nm was measured in spectrophotometer. The 

super oxide anion scavenging activity was calculated according 
to the following equation: 

Scavenging effect % = A (Control) – A (Sample or Standard)/ A (Control) × 100. 

Where A (Control) = Absorbance of control reaction  

A (Sample or Standard) = Absorbance of sample extract or standard  

Hydroxyl Radical Assay 

The hydroxyl radical scavenging activity was measured by the 

deoxyribose method14, 15. The reaction mixture which contained 
extract in different concentrations (0.2 mg/ml to 1.0 mg/ml), 

deoxyribose (3.75 mM), H2O2 (1 mM), Potassium phosphate buffer 
(20 mM, pH 7.4), FeCl3 (0.1 mM), EDTA (0.1 mM) and ascorbic acid 

(0.1 mM), was incubated in a water bath at 37±0.50C for 1 hour. The 

extent of deoxyribose degradation was measured by the TBA (Thio-

barbituric acid) method16. Then, 1 ml of TBA (0.1% w/v) and 1 ml of 
TCA (2.8% w/v) were added to the mixture and heated in a water 
bath at 1000C for 20 min. The absorbance of the resulting solution 

was measured at 532 nm. All the analysis was done in triplicates and 
the Percent Inhibition (PI) of deoxyribose degradation was 

calculated according to the equation.  

PI = A (Control) – A (Sample or Standard)/ A (Control) × 100.  

Where A (Control) = Absorbance of control reaction  

A (Sample or Standard) = Absorbance of sample extract or standard  

Nitric Oxide Radical Scavenging Activity  

Nitric oxide radical inhibition was estimated by the use of Griess 

Illosvoy reaction17. In this investigation, Griess Illosvoy reagent was 

generally modified by using naphthyl ethylene diamine 

dihydrochloride (0.1 % w/v) instead of the use of 1- naphthylamine 
(5 %). The reaction mixture (3 ml) containing sodium nitroprusside 

(10 mM, 2 ml), phosphate buffer saline (0.5 ml) and the extract (0.2-
1.0 mg/ml) were incubated at 25oC for 150 minutes. After 
incubation, 0.5 ml of the reaction mixture mixed with 1 ml sulfanilic 

acid reagent (0.33 % in 20 % glacial acetic acid) and allowed to 
stand for 5 min for completion of the reaction process of 

diazotization. Further, 1 ml of the naphthyl ethylene diamine 
dihydrochoride was added, mixed and was allowed to stand for 30 

min at 25oC. The absorbance was taken at 546 nm. Ascorbic acid was 
used as a standard. The percent inhibition (PI) was calculated using 

the formula.  

PI = A (Control) – A (Sample or Standard)/ A (Control) × 100.  

Where A (Control) = Absorbance of control reaction  

A (Sample or Standard) = Absorbance of sample extract or standard  

β-Carotene -linoleic acid (linoleate) Assay  

The antioxidative activity of extract was evaluated using a β-

carotene-linoleic acid model system18. In briefly, 1 ml of β-carotene 

(0.2 mg/ml) dissolved in the chloroform was took in to a small 
round-bottom flask. After removing the chloroform by using a rotary 

evaporator, 20 mg of linoleic acid, 200 mg of Tween-40 and 50 ml of 
aerated distilled water were added to the flask with vigorous 

stirring. Then, 5 ml aliquot of the prepared emulsion were 
transferred to a series of tubes containing (0.2-1.0 mg/ml) the 

sample extract. Here, ascorbic acid was used as a positive control. 
The test systems were placed in the water bath at 500C for 2 hours. 

The reaction was performed in triplicates and absorbance was 
measured using the spectrophotometer at 470 nm, immediately 
after sample preparation (t=0 min) and then at the end of 

experiment (t=120 min). The antioxidant activity of the extracts 

under investigation was expressed as:  

% AA = 100[1 – (A1(t=0) – A1(t=120)) / (A0(t=0) – A0(t=120) )] 

Where, % AA = Antioxidant activity of the sample extract  

A1(t=0) = Absorbance of the test sample/standard at zero time.  

A1(t=120) = Absorbance of the test sample/standard after 120 min.  

A0(t=0) = Absorbance of the aqueous control sample at zero time. 

A0(t=120) = Absorbance of the aqueous control sample after 120 min 
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Preliminary Phytochemical Screening 

Extracts obtained from fungal endophytes were subjected to various 

tests for the identification of various bioactive constituents present 
in these species19, 20. 

Acute Toxicity Studies 

All the four fungal extracts at the range 100mg to 1000mg/kg were 

administered orally to the groups of rats comprised six rats in each 
group. Mortality and general behaviour was observed for 7 days.  

Statistical Analysis 

All the data are expressed as mean ± S.D. Data were analyzed by an 

analysis of variance (P<0.05) and the means separated by Duncan’s 
multiple range test. 

RESULTS 

S. oleoides supports wide and diverse population of endophytic 
fungi. Out of 3750 samples (leaf segments, petiole and stem) from 

five different sites in three seasons (summer, rainy and winter) were 

examined, a total 27 species were recovered representing 18 fungal 

genera. 24 fungal isolates were identified up to species level 
morphologically; two fungal species were identified up to the genus 

level based on fungal sequences with the known identities in 
GenBank (accession number provided by the Genbank). 
Phylogenetic trees were constructed and analysis indicated that 

sequences of Aspergillus sp. JPY1 (JN900247) and Aspergillus sp. 
JPY2 (JN900248) are closely related to Aspergillus sp. (Figure-1, 

Figure-2). 
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Fig. 1: The evolutionary history was inferred using neighbor - joining method.  

The bootstrap consensus tree inferred from thousand replicates. Branches corresponding to the partitions reproduced in less than 50% bootstrap 

are collapsed. The percentage of replicates trees in which associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to 
the branches. The evolutionary tree was computed using the Kimura2- parameter method and are in the units of the number of base substitution 

per site. All positions containing gaps and missing data were eliminated from the data set (complete deletion option). Phylogenetic analyses were 
conducted in MEGA4. Aspergillus sp.JPY1 is the fungal endophyte in the present study. 
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Fig. 2: The evolutionary history was inferred using neighbor - joining method.  

The bootstrap consensus tree inferred from thousand replicates. Branches corresponding to the partitions reproduced in less than 50% bootstrap 

are collapsed. The percentage of replicates trees in which associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to 
the branches. The evolutionary tree was computed using the Kimura2- parameter method and are in the units of the number of base substitution 

per site. All positions containing gaps and missing data were eliminated from the data set (complete deletion option). Phylogenetic analyses were 
conducted in MEGA4. Aspergillus sp.JPY2 is the fungal endophyte in the present study. 
 

Scavenging Effect on Superoxide and Hydroxyl Radicals 

The superoxide radical generated in a PMS/NADH and assayed 
by the reduction of NBT. As shown in Figure-3, the extracts 

scavenged superoxide radical in a concentration dependent 
fashion. At a concentration of 1.0 mg/ml, as much as 51.2% of 

superoxide radical were scavenged by the acetonic extract of 
Phoma sp., the IC50 value of this extracts for inhibiting 

superoxide radical was close to be 954 µg/ml. The IC50 of BHT as 

positive control detected in the same experimental procedure 
was 300ug/ml. The hydroxyl radical scavenging activity of the 

methanolic, acetonic and aqueous extracts was assessed using 
fenton reaction (Smith et al 1992). All the extracts exhibited very 
low scavenging activity on hydroxyl radical. The minimum 

scavenging activity was found in P. chrysogenum as depicted in 
Figure-4. 
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Fig. 3: Superoxide Radical Scavenging Activity (in Percent) of different solvent extracts of different fungi. 
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Fig. 4: Hydroxyl Radical Scavenging Activity (in Percent) of different solvent extracts of different fungi. 
[ 

Reducing Power Assay 

The reductive potential of the extracts were in a dose dependent 

manner. The percentage inhibition of the ferrozine-Fe2+ complex 
formation by the acetonic extract of Phoma sp. was found maximum 

at 1 mg/ml. Whereas that all other extracts of fungal endophyte have 
shown comparatively less activity (Figure-5).  

Metal Chelating Activity 

The extracts exhibited moderate chelating activity to Fe2+. As shown 

in Figure-6, 1.0 mg/ml of EDTA chelated almost 71.8% Fe2+ whereas 
the Aspergillus sp. JPY1 extract such as acetonic, methanolic and 

aqueous chelated only 49%, 41.5% and 38.6% of Fe2+ at a 
concentration of 1mg/ml respectively. 
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Fig. 5: Reducing Power Activity of different solvent extracts of different fungi. 
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Fig. 6: Metal Chelating Activity (in Percent) of different solvent extracts of different fungi.s 
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Nitric Oxide Radical Scavenging Activity 

The nitric oxide radical scavenging activity was observed maximum 
in the following order: Aspergillus sp. JPY1 (acetone) (49.1%) > 

Aspergillus sp. JPY2 (methanol) (46.4%)>. Aspergillus sp. JPY1 

(methanol) (46.2%) (Figure-7).  

β-Carotene- Linoleic Acid Assay 

In this assay, the efficacies of the fungal extract possess inhibition in 

a range 8.49% to 35.8% from concentration range 0.2 mg/ml to 1.0 
mg/ml as shown in Figure-8. 

Preliminary Phytochemical Screening 

Preliminary phytochemical screening of these four fungal 
endophytes acetonic, methanolic and water extract revealed the 

presence of alkaloids, flavanoids, saponins, carbohydrates, tannins, 

sterols and terpenoids (Table-1). 

Acute toxicity studies 

All the extracts treated rats showed no discernible behavioural 

changes up to 1000mg/kg by oral route. No mortality was observed 
at this dose during 7 days observation period. 
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Fig. 7: Nitric Oxide Radical Scavenging Activity (in Percent) of different solvent extracts of different fungi. 
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Fig. 8: Beta Carotene Linoleic Acid Activity (in Percent) of different solvent extracts of different fungi. 

(In all the figures from 3 to 8 on concentration axis 0.2 to 1 mg/ml first is acetonic, second is methanolic and third is aqueous extract). 

 

Table 1: Phytochemical present in the fungal endophyte extracts. 

Fungal endophyte Solvent Phytochemical Present 

water Tannin, Terpenoid, Flavanoids, Carbohydrates 
methanol Saponin, Terpenoid, Alkaloids, Carbohydrates 

Aspergillus sp.JPY1 

acetone Tannin, Terpenoid, Flavanoids, Phenols, Alkaloids, Carbohydrates 
water Tannin, Terpenoid, Carbohydrates 

methanol Saponin, Terpenoid, Alkaloids, Carbohydrates 

Aspergillus sp.JPY2 

acetone Tannin, Terpenoid, Flavanoids, Phenols, Carbohydrates 

water Tannin, Terpenoid, Carbohydrates 
methanol Alkaloids, Carbohydrates 

Penicillium chrysogenum 

acetone Tannin, Alkaloids, Carbohydrates 

water Tannin, Terpenoid, Carbohydrates 
methanol Alkaloids, Carbohydrates 

Phoma sp.  
 

acetone Alkaloids, Phenols, Carbohydrates 

 

DISCUSSION 

All the tested extracts of the endophytes possessed some scavenging 

activity to a certain extent. The results obtained in the study indicate 
that Aspergillus sp. JPY1 (acetone) and Phoma sp. are potent 

antioxidant producer, having broad spectrum activity against 

various free radicals. It may also be possible that antioxidant 
activities of these crude extracts of the fungi is determined by the 

combination effects of the compounds present in a particular solvent 
extract. The high antioxidant activities of the acetonic extract of 

Aspergillus sp. JPY1, P. chrysogenum and Phoma sp. probably due to 
the extracted tannins, terpenes, sterols and flavanoids in the 
acetonic extract of these fungi (Table-1). 

Previous studies have shown the linear correlation between total 

phenolic content and antioxidant activity, which is a consonance 

with earlier studies21. The phenolic compounds (e.g. phenolic acids 
and their derivatives, flavanoids and phenolic terpenoids) might be 

responsible to some extent for the antioxidant capacity of the host 
plant and the isolated endophytic fungi22, 23. The present study 
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reveals that methanolic and aqueous extract of these endophytic 

fungi exhibit comparatively low activity. Probably this may be due to 
partially solubilisation of the membranes of fungal cells and storage 

organs; moreover the phytochemical solubilized in these two 

extracts were also less than the acetonic extract. 

The extracts exhibit lower antioxidant activity than the standard 
oxidant (BHT/EDTA/Ascorbic acid) or positive control taken the 

various assays used. It can be explained by the fact that we know 
that standard antioxidant used are in purified form whereas the 
crude extracts are the mixture of various compounds. Further, it has 

also been observed that certain other compounds may be of help in 
enhancing the potency of the active compounds resulting in an 

additive or synergistic positive effect24 while others may neutralize 
or inhibit the same.  

Out of an estimated 250000 higher plants, less than 1% has been 
screened pharmacologically25 and very few in regard to fungal 

endophytes. Hence our study indicates that fungal endophyte 
Aspergillus sp. JPY1 (acetone) may serve as a good natural source of 
antioxidant compounds and offering a better scope for production, 

easier down streaming of such bioactive compounds as toxicity 
studies proved that the extract is safe. Therefore, in vivo antioxidant 

activities of these fungal extract; especially to assess the potential to 
attenuate or avoid the potential damages of the free radicals in 

pathophysiological conditions such as carcinogenic events is needed. 
In addition, further investigation is still needed to discover the 

unidentified antioxidant constituents in the extracts of endophytic 
fungal isolates.  
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