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Abstract

About three quarters of the world population rely mainly on plants and plant extracts for
health care. The global annual sale of botanicals is over $ 62 billion. This data clearly depict the
importance of medicinal plants in health and economy. The extracts of some potential medicinal
plants such as Hygrophila auriculata, Abrus precatorius, Moringa oleifera, Withania somnifera,
Croton tiglium, Solanum nigrum and Psoralea corylifolia were investigated against pathogenic
fungal strains of Aspergillus tamarii, Rhizopus solani, Mucor mucedo and Aspergillus niger. After
extraction the extracts were purified by ammonium sulphate precipitation followed by gel filtration
chromatography (Sephadex G-100) by using Tris HCI as an extraction buffer. Antifungal activity of
the extracts was determined by disc diffusion assay. Antifungal activity was found lost in many
extracts after treatment with trypsin, which shows that the activity was due to proteins or peptides,
but not due to some other compounds.

Introduction

Extracts of many plants are highly efficient against parasitic as well as microbial
infections. It is estimated that around 70,000 plant species, from lichens to tall trees, have
been used at one time to other for medicinal purposes (Purohit & Vyas, 2004). The use of
different parts of several medicinal plants to cure specific ailments has been in vogue
from ancient times. The indigenous system of medicine namely Ayurvedic, Siddha and
Unani have been in existence for several centuries. This system of medicine caters to the
needs of nearly 70% of the population residing in villages. Besides the demands made by
these systems as their raw material, the demands for medicinal plants made by the
modern pharmaceutical industries has also increased manifold (Gupta et al., 1999; Ashraf
& Orooj, 2006; Ashraf et al., 2006).

The medicinal plants are the plants whose parts (leaves, seeds, stem, roots, fruits,
foliage etc.), extracts, infusions, decoctions, powders are used in the treatment of
different diseases of humans, plants and animals (Nostro et al., 2000). The medicinal
plants occupy a significant place in modern medicine as a raw material for some
important drugs, although synthetic drugs and antibiotics brought about a revolution in
controlling different diseases. But these synthetic drugs are out of reach to millions of
people. Those who live in remote places depend on traditional healers, whom they know
and trust. The judicious use of medicinal herbs can even cure deadly diseases that have
long defied synthetic drugs (Bhattacharjee, 2001).
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The fungi are eukaryotic, achlorophyllous and heterotrophic thallophytes comprising
about 1.5 million species, of which only 74,000 species are described (Hawksworth,
2001) and more than 300 species are potentially pathogenic or cause allergy symptoms in
man (Gupta et al., 2002). Many species of fungi develop their association with plants and
animals as parasites, saprophytes, symbionts, lichens and micorrhiza. The parasitic fungi
cause serious diseases of useful and non-useful plants. The useful plants attacked by
fungi include crop plants like wheat, rice, maize, barley, oat, cruciferous plants, potatoes,
tomatoes and other fruit plants. So, fungi are regarded as the chief causative agents of
plant pathology (Campbell et al., 2000). Similarly, man and other mammalians, fishes,
amphibians and reptiles are also susceptible to fungal infections (Alexopoulos & Mims,
1979; Dube, 1990). New antimycotics are badly needed and the world market for
antifungals is expanding dramatically (Pocsi et al., 2001).

Many low molecular mass proteins or peptides with antibacterial or antifungal
activity have been isolated in recent years from various plants (Osborn et al., 1995;
Huynh et al., 2001; Ye & Ng, 2002), and are believed to be involved in a defense
mechanism against fungi. Most of these gene-encoded peptides are mobilized shortly
after microbial infection to neutralize a broad range of microbes (Reddy et al., 2004).
Many of the antibiotics and other synthetic drugs show sensitization reactions and other
undesirable side effects, and there is a feeling that the herbal drugs are relatively more
safe than others of multifarious nature. Microorganisms develop resistance to the
synthetic drugs, antifungal and antibiotics. Another discrepancy of the synthetic drugs
and antibiotics is that they may also make interactions with the body system to disturb the
metabolic processes. Scientists therefore, are working on the extraction of anti-infectional
compounds including antifungal peptides/proteins from natural sources like plants and
animals. The anti-infectional compounds show broad spectrum bioactivity against
infection-causing agents such as bacteria, fungi, protocists, protozoans, viruses, yeasts
etc, (Lehrer et al., 1991; Hancock, 1997; Conlon et al., 2003).

During the past 10-15 years, interest in their antimicrobial nature has expanded due
to their increased resistance of fungal pathogens to antifungal drugs being currently used,
and the toxicity or adverse host reactions of other anti-infectives. The antimicrobial
peptides are very effective against microbes. They show their activity by lysis, by binding
to, and disruption of the outer membrane of microbes. Others penetrate the membrane
and interact with specific internal targets or cause pore formation resulting in leakage of
important intracellular contents (Haung et al., 2000).

Keeping in view the importance of the subject, proteins and peptides from some
local potential medicinal plants were isolated and examined for their antifungal activity.

Materials and Methods

The research work was conducted in the Molecular Biochemistry Lab., University of
Agriculture, Faisalabad.

1. Medicinal plants: Leaves and seeds of the following medicinal plants were screened
for the study: Hygrophila auriculata (Talmakhana), Abrus precatorius (Kaincha),
Moringa oleifera (Sohanjna), Croton tiglium (Jamal Gota), Withania somnifera
(Ashwaganda), Solanum nigrum (Mako), Psoralea corylifolia (Babchi).
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2. Preparation of crude extract: Leaves of the medicinal plants were collected from the
Botanical Garden, University of Agriculture, Faisalabad and the seeds were purchased
from the local market. The leaves and seeds were freed from dirt by washing with
distilled water. The moisture content was removed by air drying. After excising, the
leaves were mixed with 10 mM sodium acetate buffer (Terras et al., 1993). The seed
(after milling) extracts were prepared in a solution mixture of 10 mM Na,HPQ,, 15 mM
NaH,PO,, 100 mM KCI, 2 mM EDTA, 1.5% polyvinylpoly pyrrolidone (PVPP), 1mM
phenyl methyl sulfonylfloride (PMSF) and 2 mM thiourea. The leaf and seed mixtures
were centrifuged at 12,000 xg at 4°C for 20 min. The supernatant was filtered to remove
debris present in the supernatant. The filtrates were stored at -20°C in 100 mL sterilized
bottles (Terras et al., 1992).

3. Treatment of extract with trypsin: The crude extracts (2 mL) were treated with
trypsin (Sigma Aldrich) to final concentration of 0.5 mg /mL. Samples were incubated at
37°C for 2 hours followed by incubation at 100°C for 5 minutes. The samples were
subjected to antifungal assay.

4. Partial purification: Partial purification of the extracts was performed at the 80%
saturation level of ammonium sulphate. After precipitation, the extracts were centrifuged
at 12,000 xg and 4°C, and the supernatants were dialyzed (Huynh et al., 2001).

5. Purification by gel filtration: The extracts were further purified by gel filtration. For
this purpose Sephadex G-100 gel column with10 mM Tris HCI buffer was used
(Deutscher, 1990).

6. Protein contents determination: The protein contents of crude, supernatants and
dialyzed samples of leaves and seeds were determined spectrophotometrically by
Bradford method (Bradford, 1976) using bovine serum albumin (BSA) as standard.

7. Fungal strains: Following fungal strains were used during the study: Aspergillus
niger, Mucor mucedo, Aspergillus tamarii and Rhizopus solani. The fungal strains were
characterized by the Department of Veterinary Microbiology, University of Agriculture,
Faisalabad.

The fungal strains were grown on Sabouraud’s glucose agar medium (glucose 40
g/L, agar 20 g/L, peptone 10 g/L). The pH of medium was adjusted to 5.4. It was
autoclaved at 121°C for 15 minutes at 15 psi pressure and transferred to autoclaved test
tubes and set to slanting positions and allowed the medium to be solidified (Cruickshank
et al., 1975). The solidified slants were kept in the incubator at 32°C for 48 h as a check
for contamination. The fungal strains were cultured to the slants in the sterilized laminar
air flow from the pure culture. These cultured slants were incubated at 32°C for 4-5 days
for multiplication of fungal strains. The inocula of fungal strains were prepared by
pressurized addition of 1% glucose solution to the slants with the help of a sterilized
syringe. The spores were mixed with glucose solution with the help of a sterilized glass
rod to form fine spore suspensions that were used for further growth.
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Table 1. Expression of results for antifungal assay.

S.No. Mathematical sign  Zone size (mm) Interpretation
1. - 0 No or poor antifungal activity
2. + 6 Moderate activity
3. ++ 6-9 Strong activity
4. +++ 9-12 Very strong activity

8. Antifungal assay: The sterilized growth medium was transferred to autoclaved Petri
plates (about 20-25 mL medium per Petri plate). Before the transfer of fungal culture to
the Petri plates, chloramphenicol solution (40 mg/L; 100 uL per 30 mL) was added to the
growth medium to make it selective for fungal growth (Emmons et al., 1970). The
inoculum, 200 uL per 30 mL of growth medium, was administered. The Petri plates were
incubated at 32°C for 48 h, for fungal growth. After this, filter paper discs were laid flat
on the growth medium having fungal growth. The extract (100 uL) was put on each disc.
The Petri plates were then again incubated at 32°C for 48 hours, for the growth of fungus.
The extracts having antifungal activity inhibited the fungal growth, and exhibited clear
zones around the discs. The zones of inhibition were measured in millimeters using a
zone reader (Haung et al., 2000; Huynh et al., 2001; Rehman et al., 2001).

Results and Discussion

Selected medicinal plants were screened for antifungal activity. The plants with a
high antifungal activity were subjected to partial purification of the compounds. The
antifungal activity was determined in terms of zones of inhibition (Table 1).

1. Antimicrobial assay of crude extracts: The results indicate that some plant extracts
had a broad spectrum of activity by forming clear zones of inhibition, while others had
negligible zones of inhibition and had very poor activity against the strains. Negative
results of some plants indicate that the plants had no active compound or if present it had
either very low concentration or it might have lost its activity. From the literature it can
be deciphered that there are certain cases wherein the isolation of the peptides was not
effective, and the activity shown was due to the presence of certain other active
compounds (Harborne, 1992).

2. Antifungal activity: Most of the crude extracts and dialysed samples were found
exhibiting antifungal activity (Tables 2 and 3). Supernatants of some plants also showed
fungal inhibition. Antifungal activity of crude extracts and supernatants may have been
due to the presence of lipophilic compounds that may bind within or internal to the
cytoplasmic membrane (Boyd & Beveridge, 1979; 1981), quinines (Mahoney et al.,
2000) or thionine, which affect growth of filamentous fungi mainly by causing membrane
permeablization (Huang et al., 2001). The selected plants showed antifungal activiy
against the Mucor mucedo and Aspergillus niger more strongly than for Aspergillus
tamarii and Rhizopus solani.

Nwosu & Okafor (1995) tested the antifungal activities of the extracts of 10
medicinal plants including Moringa oleifera against pathogenic fungi using the broth
dilution and agar diffusion methods. All the extracts inhibited the growth of Basidiobolus
haptosporus and B. ranarum, but did not inhibit that of Asperigillus fumigatus and
Candida albicans. Das et al (1997) evaluated the antifungal activity of phyto-extracts of
eight plants including Moringa oleifera. Plant extracts at 10% concentration showed a
maximum antifungal activity.
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Table 2. Average antifungal activity of leaf extracts of medicinal plants
against selected fungal strains.

Medicinal plants Aspergil_l_us Rhizopgs Mucor Aspe_rgillus
tamarii solani mucedo niger
Hygrophila auriculata - - ++ T+
Abrus precatorius + - - et
Moringa oleifera + + ++ +
Withania somnifera + - +++ ++
Croton tiglium + - . +
Solanum nigrum ++ + 4+ +
Psoralea corylifolia - + ++ +

Table 3. Average antifungal activity of seed extracts of medicinal plants
against selected fungal strains.

Medicinal plants Aspergil_l_us Rhizop_us Mucor Aspe_rgillus
tamarii solani mucedo niger
Hygrophila auriculata + ++ + T+
Abrus precatorius + + + ¥
Moringa oleifera + + + +
Withania somnifera + + ++ ++
Croton tiglium + ++ ++ o+
Solanum nigrum ++ ++ 4 +
Psoralea corylifolia ++ ++ ++ ot

During the present study, the extracts from the young parts of plants exhibited
antimicrobial activity greater than those from old parts. The reason behind this point is
that newly developed plant organs, at the start, are more susceptible to microbial attack.
And at a later stage, these parts naturally get enriched with bioactive compounds to
overcome this kind of problem. Because of their stronger innate immunity, young plant
organs are protected against microbial attack. Some previous reports confirm this
statement (Alwadi & Baka, 2001). This is because of the specificity of microbial
compounds to various parts of plants i.e., bioactive compounds may be specific to only
roots, stem, flowers, fruits, leaves, seeds or bark. Huynh et al., (2001) have reported the
specificity of antifungal compounds to different parts of plant, Engelmannia pinnatifida.

Some previous studies revealed a strong antimicrobial activity of tested medicinal
plant species, but no report relating to their antimicrobial activity against tested fungal
strains came to sight. Antimicrobial activity (Reda et al., 1990; Dimetry et al., 1992;
Agina et al., 2000; Molgaard et al., 2001), uterotonic and antidiarrhoel activity (Nwodo,
1991; Nwodo & Alumanah, 1991), teratogenic activity (Sethi, 1991), gastroentrital
activity (Brito et al., 1996) and antiplatelet, anti-inflammatory and antiallergic activity
(Kuo et al., 1995; Anam, 2001) of Abrus precatorius have been reported. Similarly,
antimicrobial activity (Nwosu & Okafor, 1995; Das et al., 1997), anti-inflammatory
activity (Ezeamuzie et al., 1996), hypotensive activity (Faizi et al., 1998) and
antihepatotoxic properties (Ruckmani et al., 1998) of Moringa oleifera have also been
reported. Previous reports also reveal antimicrobial activity (Dahot et al., 1997) and
anticancerous properties (Negi et al., 2000) of Withania somnifera; HIV inhibitory
activities (Mekkawy et al., 1999) of Croton tiglium; anticarcinogenic activity (Aruna &
Sivaramakrishnan, 1992) and insecticidal properties (Niber, 1994) of Solanum nigrum
and antimicrobial activity (Katsura et al., 2001) of Psoralea corylifolia.
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Fig. 1A. Antifungal activity of crude extracts (cd) and Fig. 1B. Antifungal activity of crude extracts (cd) and
trypsin treated extract from seeds of Moringa oleifera trypsin treated extract (Tryp) from seeds of Moringa
(3S) against Fusarium solani. oleifera (3S) against Ganoderma lucidum.

Fig. 2A. Antifungal activity of crude extracts (cd), and Fig. 2B. Antifungal activity of crude extracts (cd) and
trypsin treated extract (Tryp) from seeds of Psoralea  trypsin treated extract (Tryp) from seeds of Psoralea
corylifolia (7S) against Fusarium solani. corylifolia (7S) against Metarhizium aniscoplea.

Tang et al., (1993) purified croton I and Il from Croton tiglium, having Mr 40 kDa
and 19 kDa, respectively. Terras et al., (1992) isolated an antifungal protein from the
seeds of 4 Brassica species. Dahot et al., (1997) separated 7 and 14 peptides on Sephadex
G-25 from acetone and ethanol prepared samples of Moringa oleifera. Ye & Ng (2002)
isolated a variety of antifungal proteins from some leguminous plants.

3. Effect of trypsin treatment on antifungal activity: Trypsin treatment reduced the
antifungal activity in many cases. Significant results were achieved for Moringa oleifera
against Fusarium solani and Ganoderma lucidum (Fig. 1A and 1B). Big zones of
inhibition against crude extract clearly demonstrate high antifungal activity. The activity
was reduced to a significant level in the treated extracts. This shows that the antifungal
activity was due to the proteins present in the extract, and not due to any other
compounds.
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Pattern of gel filtration of leaf
extract of Moringa oleifera
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Fig. 3. Representative chromatogram obtained after gel filtration of plant extracts.

Similarly, Psoralea corylifolia also gave significant results against Fusarium solani
and Metarhizium aniscoplea (Fig. 2A and 2B). This also demonstrates that the antifungal
activity was mainly due to proteins or peptides, and not because of some other
compounds. Similarly, crude and treated extracts from different plants exhibited different
levels of antifungal activity.

4. Antifungal assay of gel filtration fractions: Fig. 3 shows a representative
chromatogram of the sample applied to Sephadex-G100. Samples within individual peaks
were pooled together and subjected to antifungal assay. As shown in Tables 4 and 5, a
significant activity was observed in many fractions of seed extracts of the plants.
However, the activity was low in case of leaf extracts.

Antibacterial activity of the gel filtration extracts also showed positive results (data
not shown). High antibacterial activity was obtained before the gel filtration. The reason
may also be that the antibacterial activity of plant extracts before gel filtration was due to
the presence of bioactive compounds.

5. Antifungal assay of gel filtration fractions after ammonium sulphate
precipitation: All medicinal plants leaf and seed dialyzed samples after ammonium
sulphate precipitation were run on gel filtration and the selected fractions were tested for
antifungal activity. The antifungal activity of fractions from ammonium sulphate dialyzed
was greater than those from crude extracts. Their greater bioactivity might have been as a
result of purification and higher concentration of bioactive protein /peptide. Fractions
from Psoralea corylifolia and Solanum nigrum had maximum antifungal activity while
those from Withania somnifera exhibited no activity against A. niger, A. tamarii and R.
solani. Fractions from extracts of all the remaining plants demonstrated a pronounced
antifungal activity against all the fungal strains examined. Average antifungal activity of
ammonium sulphate dialysed and gel filtrate fractions of leaf and seed extracts are
presented in Tables 6 and 7. On the other hand, there were only a few fractions in the
leaves of selected plants exhibiting the antifungal activity. The literature also supports
this finding that many of antimicrobial proteins/peptides were reported from plant seeds
(Chrisrtenes et al., 2002; Thevissen et al., 2003; Peter et al., 2004; Rengente et al., 2005).
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Table 4. Average antifungal activity of gel filtration fractions of leaf extracts of
medicinal plants against selected fungal strains.

- Aspergillus Rhizopus Mucor Aspergillus
Medicinal plants tamarii solani mucedo niger
Hygrophila auriculata - - ++ +++
Abrus precatorius ++ ++ - -
Moringa oleifera - + - +
Withania somnifera - - + -
Croton tiglium + - - +
Solanum nigrum - + + +
Psoralea corylifolia + - + +

Table 5. Average antifungal activity of gel filtration fractions of seed extracts of
medicinal plants against selected fungal strains.

Medicinal plants Aspergillus Rhizopus Mucor Aspergillus
tamarii solani mucedo niger
Hygrophila auriculata ++ ++ ++ +++
Abrus precatorius ++ ++ +++ T+
Moringa oleifera +++ ++ ++ 4+
Withania somnifera - - ++ _
Croton tiglium ++ +++ +++ ++
Solanum nigrum +++ +++ +++ +++
Psoralea corylifolia +++ +++ +++ +++

Table 6. Average antifungal activity of leaf extracts of medicinal plants after
ammonium sulphate precipitation, dialysed and gel filtration.

- Aspergillus Rhizopus Mucor Aspergillus
Medicinal plants tamarii solani mucedo niger
Hygrophila auriculata - - + T+
Abrus precatorius - - - +
Moringa oleifera - - - +
Withania somnifera + - + +
Croton tiglium - - + +
Solanum nigrum - - + ++
Psoralea corylifolia — - + +++

Table 7. Average antifungal activity of seed extracts of medicinal plants after
ammonium sulphate precipitation, dialysis and gel filtration.

Medicinal plants Aspergil_l_us Rhizopgs Mucor Aspe_rgillus
tamarii solani mucedo niger
Hygrophila auriculata ++ ++ ++ +++
Abrus precatorius ++ ++ ++ ++
Moringa oleifera +++ ++ ++ ++
Withania somnifera ++ + +++ ++
Croton tiglium ++ +++ ++ -
Solanum nigrum +++ +++ +++ +++

Psoralea corylifolia +++ +++ +++ +++
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Conclusion

The present findings show that various plant extracts had a high antifungal activity
due to proteins or peptides. Partial purification of the antifungal proteins and peptides
also demonstrated the presence of such peptides and proteins in the leaf and seed extracts
of the plants tested in the project. Further research work is underway to purify and
characterize the antifungal proteins/peptides from the plants.
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